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Executive Summary

Atmospheric deposition of sulfur, nitrogen and noeyqdHg) has potential widespread
and profound ramifications on the health of fomsisystems and their inhabitants. It is critical
that the impact of these pollutants and the ecobdgesponse be determined. Here we define a
template to demonstrate the potential landscapa-tdtects of acidification on the transfer and
fate of methlymercury (MeHg) in songbirds of nodktern North American. In time, these
same effects will be linked with pools of availablcium (Ca). For this pilot effort, we had
scientific, conservation, and policy oriented godientifically, there are new and compelling
reasons for studying MeHg availability in northéorests, particularly in areas at high elevation
or having acidic conditions. For conservation @sgs, the long-term decline of some
neotropical migrant songbirds may be linked to emvinental stressors within their breeding
range. It is plausible that elevated MeHg levels depleted available Ca levels, particularly
within acidic environments, are negatively conttibg to the viability of their populations.
Lastly, this line of investigation contributes teetpolicy arena in two ways: (1) documenting a
potential spatial gradient of Hg and Ca availap#itross an area that has major Hg emission
sources to the West (i.e., the Ohio River Valley) dower emissions in the East (i.e., most of
New York and New England) and (2) linking to a fm®ming national Hg monitoring plan.

To understand Hg and Ca pathways, we sampled trepartments: organic soils, Ca-
rich and likely high Hg invertebrates, and breedmgst songbirds (e.g., thrushes, vireos, and
warblers). Only songbird blood Hg levels are pnésé here. We designated 11 sampling
stations across New York and Pennsylvania. In 2@@5captured and sampled 178 individuals
of 26 species including 93 thrushes.

Although all thrush species were of interest beeaiour intention to normalize thrush
blood Hg levels across species, we were able tplsaB® Wood Thrushes from seven sites (our
target indicator species for low to moderate eleva) and 11 Bicknell’s Thrushes from one site
(our target indicator species for high elevatiorBlood Hg levels in thrushes varied by
geographic area, elevation, and likely trophic le\Based on very preliminary results, thrush Hg
levels converted into Wood Thrush blood Hg tenaele higher in the Catskill Mountains.

High elevation thrush blood Hg levels tended tdigder than thrushes in low elevations from
the same mountain slope. Other songbirds withetéelvblood Hg levels were upper canopy
foragers (e.g., Red-eyed Vireo) and species rdgwdasociated with riparian areas (e.g.,
Louisiana Waterthrush). Larger songbirds indicetle to MeHg availability is greater than
smaller songbirds from the same foraging guildthéligh blood Hg levels in forest songbirds
are more elevated than traditionally consideredetian available science, levels remain below
likely negative reproductive impacts. What remdmbe investigated is the influence of
moderate Hg levels on songbird populations in atiegsare deficient in Ca.

Wood Thrushes remain our primary bird indicatoréhese (1) they had blood Hg levels
higher than associated thrushes and most othebsdag(2) preliminary evidence indicates
strong relationships with soil pH and availablel@aels and (3) they have shown major
distribution and density declines throughout Newkvand the Appalachian Mountains and are
now nearly absent from the Adirondack Mountains.

We expect three major outcomes from this propasseadly: (1) a better understanding of
the dynamic relationship within terrestrial, acdgacted ecosystems for Hg and Ca, (2) a spatial
gradient for linking major Hg emission sourcesha Dhio River Valley with rates of MeHg
availability in New York and New England and (3dad value to a forthcoming national Hg



monitoring efforts and identification of biologichbtspots. Should scientific evidence from this
effort implicate major Hg emission sources withaasated biological Hg hotspots, the primary
premise behind the U.S. Environmental Protectiorny’s ‘Cap-and-Trade” rule will be
challenged and the current more rigorous Hg emmssite proposed by New York will be

further supported.

1.0 Introduction

Air pollution has been linked to adverse effectsvildlife, including impairing
reproductive success in songbirds (Saldiva and Bb®@8, Llacuna et al. 1993, Janssens et al.
2003). Specifically, wet atmospheric depositiormoidifying emissions (i.e., nitrogen and sulfur
oxides), has been linked to declines of bird spgecidcurope (Graveland 1990, 1998) and,
recently, the United States (Hames et al. 2002js phenomenon may be the result of depletion
of soil pools of extractable calcium (Ca) by leach(Driscoll et al. 2001), leading to decreases
in the abundance of Ca-rich invertebrate prey bgeareeding female birds as necessary
supplemental sources of Ca during egg productiolvaren feeding nestlings (Graveland 1996,
Graveland and Drent 1997). The study by Hamek €@02) is particularly relevant and
compelling for follow-up efforts within our studipased on logistic regression analysis that
accounted for several habitat-related variablesy tbund a particularly strong negative
relationship between acid rain and the predictethgioility of Wood Thrush breeding evidence.
Findings also indicate further insult to breedimgplations in areas that are at high elevation,
with low pH soils, and exhibiting fragmentationfofest habitat.

Acid rain and related lowering of soil pH not omgduces calcium availability it adds
sulfates. The addition of sulfates is known ta@ase methlymercury production in wetlands.
In Minnesota, the estimated MeHg flux from an expentally dosed wetland increased 2.4x
(Jeremiason et al. 2006). Therefore, Hg increastdse environment are driven not only by the
amount of Hg deposited, but by sulfate as well.

The negative effects of Hg are well documentedatpratic ecosystems — through the
biomagnification of biologically-active methyl memy (MeHg) (Evers et al. 2003, 2005).
Although studies of Hg cycling in terrestrial ece®ms are limited, uplands soils have
considerable capacity to store large quantitiestimiospherically deposited Hg, particularly in
the forest floor (Mason et al. 1994). Recentlyvraad compelling evidence connects MeHg
availability in upland forests with acidic soilggressions based on spatial models of
atmospheric Hg deposition across terrestrial etesysin the Northeast predicted 50% of the
variation in Bicknell's Thrush blood Hg levels (Rimer et al. 2005). For the first time, scientists
in the Northeast are realizing that the problerivieHg availability in the environment is not
restricted to aquatic habitats.

Other recent work suggests that accumulation ire@bbsorption of gaseous Hg
stomatally, incorporation by foliar tissue, withbsequent release of Hg in litterfall (Ericksen et
al. 2003). While litterfall may represent the bolkHg input to forested ecosystems, the wash-
off of dry-deposited Hg species in throughfall edir deposition in precipitation, and uptake of
dissolved Hg by roots with translocation to folissue may also play roles (Rea et al. 2002).
Total Hg inputs to eastern forests may largelyroeiporated in the leaf-litter and forest floor,
where it is available to invertebrates, such asgrgpsds (snails and slugs), isopods (woodlice),
myriapods (millipedes), and to predators, sucheasgigedes (myriapods) and spiders
(arachnids). The abundances of many of the Capriel species decline with declines in soil



pH. This pattern can have important ramificationghe health of songbird populations,
particularly on females laying eggs and on the ginao? hatchlings.

Based on these and other studies, the complex@edtmlly synergistic relationship of
sulfur-driven acidification, associated soil Caléépn, and MeHg enhancement may lead to
potentially important anthropogenic, landscapedlenpacts to forest songbirds, such as
thrushes. The incorporation of Hg from the leti&tiby invertebrates feeding on leaf tissues and
by predaceous invertebrate species (centipedespaaers) feeding on these detritivores, leads
to potentially elevated Hg levels in songbird spseciThus, breeding bird populations in eastern
forests, in particular thrushes and songbirds fanratidified habitats such as subalpine and bog
habitats, may be at greatest risk. The poterargelscale loss of songbirds would likely have
profound ramifications on the functional abilitielsforests as sustainable ecosystems — not only
making them more prone to diseases and insectatif@ss, but creating a notable, empty
silence. Perhaps Rachel Carson best describedrttigcations of such happenings when she
said, “what we do to the animals we do to oursél¢@arson 2002).

2.0 Project Goals and Supporting Objectives:

For this project we have scientific, conservatiamg policy oriented goal$hose met in
2005 are in bold Scientifically, there are new and compelling eessfor studying MeHg
availability in northern forests, particularly ineas at high elevation or impacted by acidic
deposition. For conservation purposes, the long-tiecline of some neotropical migrant
songbirds may be linked to environmental stresattsn their breeding range and it is plausible
that elevated MeHg levels and soil available Cdetagm, particularly within acid-impacted
environments, are negatively contributing to thebility of their populations. Lastly, this line of
investigation contributes to the policy arena K¥) documenting a potential spatial gradient
across an area that has major Hg emission sowrdks West (i.e., the Ohio River Valley) and
lower values in the East (i.e., most of New Yorkl &few England) and (2) links to a
forthcoming national Hg monitoring plan. Supportigiectives for 2005 and the future are:

1. Assess the health of environments that may be espaly vulnerable to acid rain and
two resulting factors (a) increased MeHg productiorand availability and (b)
depleted available soil calcium levels that addaity may act synergistically;

2. Establish a network of sampling stations across NeWork and eventually other
areas of the northern forest and Appalachian Mount@s to spatially document and
monitor MeHg and Ca availability gradients;

3. Link efforts with the national Hg monitoring plan.

3.0 Study area

A total of eleven sampling locations were targdtedsongbirds with an emphasis on
thrush species in New York and Pennsylvania (Figyreln New York, we sampled five sites in
the Catskill Mountains, which include, Belleayres\ii's Tombstone, Hunter Mountain-west,
Millbrook, and Plateau Mountain. In addition, wvangpled thrushes and other songbirds in



Allegany State Park, Black Rock Forest, Brookfietrest, Institute of Ecosystem Studies’
grounds, Shawangunk Mountains, and Tug Hill in N&avk and Tott's Gap in Pennsylvania.

In the Catskill Mountains, five sampling locationsre targeted. Four were at moderate
elevations and included (1) Devil’'s Tombstone W@kstern side of Hunter Mountain, (3)
Millbrook and (4) Bellayre, while one was at a hgJevation on Plateau Mountain.

In southeastern New York, three sampling locatwaee targeted: (1) Black Rock
Forest, (2) Shawangunk Mountains, and (3) the gisat the Institute of Ecosystem Studies
(IES). IES is located in continuous eastern demiduforest in Dutchess County, New York,
contains large Veery and Wood Thrush breeding @tjous (Hermit Thrushes are also present)
and is the location of on-going studies since 19BBot data collection in 2004 yielded blood
Hg levels in 22 thrushes (10 Wood Thrushes, 12 i¢spacross mesic and xeric sites. We
found significant differences between species (Wbldish > Veery, p = 0.016) and near
significant differences in soil types (xeric > noep = 0.08) despite low sample sizes between
habitats. Exchangeable Ca, measured in the orgaitilayer also differed widely (4.06 - 24.16
cmolc/kg) but did not differ significantly betwebabitats (p > 0.40). Further analysis from IES
is discussed later in this report.

Figure 1. Distribution of sampling locations inW& ork and Pennsylvania, 2005.



In central New York, regular, co-occurring breedpapulations of Wood Thrushes and
either Hermit Thrushes or Veeries are found at raibss. Tug Hill has a low to moderate
elevation (180 m -290 m) with moderate Hg deposifiil) and high acid ion depositioB)(
(mean soil pH of 3.9 and mean available Ca of 5K, n=10). Pilot sampling in 2004 found
a mean blood Hg level for Hermit Thrush of 0.093:02 ug/g (n=5). The Brookfield State
Forest has moderate elevation (480 m - 550 m) mitkerate Hg deposition and moderate acid
ion deposition (mean soil pH of 4.2 and mean ab&I&a of 737 mg/Kg, n=10).

The Allegany Plateau in Allegany State Park in Néwk and Pennsylvania were new
sites with little existing biochemical data aval&b

4.0 Methods

4.1 Species emphasis

We emphasized capture and sampling of the Woodshhait low elevation sites and
Bicknell's Thrush at high elevation sites. Othengbirds captured were also banded and
sampled.

4.2 Bird Capture and Sample Collection

We captured thrushes and other songbirds usingnis in concert with decoys,
playback of conspecific territorial vocalizatiomca
playback of a flock of small birds mobbing a small
owl (Gunn et al 2000). Both playbacks elicit asty
response from territorial breeding birds, allowing
reliable captures. Sampling efforts were timed for
June and July to allow time for depuration of Hglyo
burdens that could reflect winter and/or migratory
MeHg uptake (as indicated in Bicknell’'s Thrush;
Rimmer et al. 2005). We used 8-10, 12m mist nets
with a 36mm mesh size designed to harmlessly catch
songbirds. We used playback recordings and degoogtiract target birds to the mist nets. Nets
were placed on 6 m metal poles. The nets werekeldeevery 20-40 minutes. Captured birds
were removed and placed in cotton holding bags pracessing. All birds were released
unharmed 15-45 minutes after capture. Birds waptuted during both dawn and dusk periods.
All birds were measured using standard wing, taiki, bill, and mass measurements,
and banded with USFWS bands. We also collectexntrrdtion on age, sex, and body condition,

which is indicated by the external thickness angmixof fat. For all birds we used 26 gauge



disposable needles to puncture a cutaneous ulimamvine wing to collect a small blood
sample. We also collected second secondary fesafiften adults and selected juveniles for Hg
analysis. Each blood sample was collected in aL7&apillary tube, which was then sealed on
both ends with Crito-seal or Critocaps ® and placea labeled plastic 7 cc vacutainer.
Generally, 2-4 capillary tubes half-filled with lold were taken. The feathers were placed in a
labeled plastic bag. All samples were storedfield cooler with ice, and samples were later
transferred to a freezer/refrigerator (blood infiteezer, feathers in the refrigerator).

4.3 Non-bird Sample Collection

We also collected soil (0-2.5cm) and invertebeateples from each location (Appendix
). Soil Ca and Hg levels will be determined, adlvas invertebrate Hg levels, at a later time.
Analysis of these samples were outside of the sobfas specific study.

4.4 Sample Analysis

Laboratory analysis was conducted by Texas A&M &ratement Research Lab
(TERL), College Station, Texas. Blood samples vearalyzed for total mercury using direct
mercury analyzer DMA 80 by Milestone Inc. Mercagncentrations are presented on a wet
weight (ww) basis. Instead of analyzing methylmieydMeHg) levels we focused on total Hg
because it is less costly, and approximately 95%taf Hg in songbird blood is in MeHg form
(Rimmer et al. 2005).

5.0 Results and discussion

The 2005 sampling effort focused on the witwdsh Hylocichla musteling This
neotropical migrant is experiencing significant aiage population trends; postulated as being
partly related to availability soil Ca deficiencig@dames et al. 2002). Because the Bicknell's
Thrush C. bicknell) is restricted to mountaintops where cloud anddagdic and Hg deposition
occur, in addition to increased precipitation duerographic effects, this species serves as an
indicator of the effects of high levels of bothdiciand Hg deposition (Rimmer et al. 2005) and
was therefore emphasized for high elevation ar@és.also focused on more common species
such as the Hermit Thrus@#tharus guttatysand the Red-eyed Vire¥ifeo olivaceus Their
ubiquitous distribution provides a greater compeaesability over geographic areas.

Although we chose neotropical migrant thrush sggeand other songbirds that are of
high priority to environmental trustees, such adrieas in Flight, many songbird populations are
exhibiting negative population trends that appdyeare not wholly linked with neotropical
wintering areas. For example, the rusty blackfidphagus carolingshas experienced
continental declines of over 95% since the 1970sé@Gberg et al. 2005). Because a related
species, the red-winged blackbiriegalius phoenicigshas recently been shown to have mean
blood Hg levels ~10x higher than associated songlaindl 3x higher than associated piscivores,
wetland-associated blackbirds and other songbnelsfahigh conservation concern and will be
emphasized in the future. How species react tpaiution within their breeding habitat may
vary (Eeva et al. 1997); in some cases there caoxi@logical impacts to the physiology,
reproductive success or survival of individualshwitthe study population in other cases normal
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food supply and nutrient rates can be disruptedudtndately reduce fitness and breeding
success.

The following description of our findings illustess our sampling efforts, blood Hg
exposure for thrushes and other associated somsghindity to normalize thrush Hg levels for
the Wood Thrush, a comparison with known Hg thré&hevels in songbirds, and a description
of the relationship between MeHg and Ca availahilit
5.1 Sampling effort

We collected blood samples for Hg analyasnfrl 78 birds, representing 26 species in
eight families at 10 locations across New York and location in Pennsylvania (Table 1).
Mean blood Hg levels for adults ranged from 0.0&yugw (Indigo Bunting) to 0.17 ug/g, ww
(Louisiana Waterthrush). Because this was an eafaoy effort, sample sizes were generally
low, except for thrush species, Ovenbird, and thd-Byed Vireo.

Table 1. Species, number, age, Hg levels, andlamyanatural history and conservation
information for 2005 sampling effort.

Species n [ Age |Mean + SD Range |Family Partners In Flight |Food Guild |Forage Habitat |Elevation
Conservation Rank
American Redstart 6/ A ]0.06 + 0.02 | 0.02 - 0.09|Parulidae 3 Foliage Upper Canopy |Low to Mid
American Robin 4] A ]0.03+ 0.01 | 0.03 - 0.04|Turdidae 5 Ground Litterfall Low
2| J ]0.03+ 0.02]0.01-0.04
Bicknell's Thrush 11| A ]0.08 + 0.03 | 0.05 - 0.14|Turdidae 18 Ground Sub-canopy High
Black-and-white Warbler 1| A |0.05 Parulidae 9 Bark Low to Mid
Black-capped Chickadee 3] A ]0.03+ 0.02]0.01 - 0.04]|Paridae 6 Bark All
Black-throated Blue Warbler 2| A ]0.05+ 0.02 | 0.03 - 0.06|Parulidae 12 Foliage Upper Canopy  |Low to Mid
Black-throated Green Warbler | 2| A [0.08 + 0.04 | 0.05 - 0.11]|Parulidae 11 Foliage Upper Canopy |All
Blue-headed Vireo 2| A ]0.11+ 0.04 | 0.08 - 0.14|Vireonidae 8 Foliage Upper Canopy  |Mid to High
Common Yellowthroat 1] A [0.11 Parulidae 8 Foliage Sub-canopy Low
1| J |0.06
Dark-eyed Junco 1] A [0.03 Emberizidae 8 Ground Litter High
Eastern Towhee 1| A |0.08 Emberizidae 11 Ground Litterfall Low
Gray Catbird 1| A [0.06 Mimidae 9 Foliage Sub-canopy Low to Mid
Hermit Thrush 14| A ]0.05+ 0.02 | 0.01 - 0.09|Turdidae 6 Ground Sub-canopy Middle
3] J ]0.03+ 0.01]0.02-0.04
Hooded Warbler 1| A [0.03 Parulidae 13 Foliage Sub-canopy Low
Indigo Bunting 1] A [0.02 Cardinalidae 11 Foliage Sub-canopy Low
Louisiana Waterthrush 2| A ]0.17 + 0.01]0.16 - 0.18|Parulidae 13 Water Low
3] J ]0.20+ 0.04]0.17-0.24
Magnolia Warbler 2| A ]0.06 + 0.00 | 0.06 - 0.06|Parulidae 8 Foliage Upper Canopy  |Mid to High
Ovenbird 12| A ]0.07 + 0.08 | 0.01 - 0.30|Parulidae 10 Ground Litter Low to Mid
1| J |0.01
Red-eyed Vireo 29| A |0.11+ 0.06 | 0.04 - 0.29]Vireonidae 7 Foliage Upper Canopy |Low to Mid
5| J ]0.06 + 0.01]0.05-0.07
Song Sparrow 1] A [0.13 Emberizidae 8 Water Low to Mid
Swainson's Thrush 11| A ]0.07 + 0.02 | 0.03 - 0.10|Turdidae 10 Ground Sub-canopy Middle
Tufted Titmouse 1] A [0.06 Paridae 8 Bark Low to Mid
1| J |0.04
Veery 9[ A ]0.03+ 0.01]0.01 - 0.04|Turdidae 11 Ground Sub-canopy Low
4] J ]0.01+ 0.01]0.00-0.03
White-breasted Nuthatch 3| A ]0.07+ 0.01]0.07 - 0.08|Sittidae 6 Bark All
Wood Thrush 29| A ]0.07 + 0.03 ] 0.01 - 0.16fTurdidae 14 Ground Litterfall Low
6] J ]0.03+ 0.02]0.01-0.08
Yellow-rumped Warbler 2| A ]0.07 + 0.01 | 0.07 - 0.07|Parulidae 6 Foliage Upper Canopy  |Mid to High

* Partners in Flight Conservation Rank is basedRah et al. (2004).
** | atin names for species are listed in Appendix |

5.2 Mercury exposure in thrush species

A total of 93 thrushes representing 46 individualtghe two target thrush species were
captured and sampled. Because blood Hg levelduhsais regularly significantly higher than
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juveniles (Evers et al. 2005), sampling and analgsiadult individuals was targeted. A total of
79 adult thrushes (85%) were sampled. AlthoughXoed Thrush and Bicknell's Thrush were
emphasized for sampling because of the relativigly bonservation rankings by Partners in
Flight (14 and 18, respectively), often other thrgpecies were captured and sampled with the
intent to normalize all thrush blood Hg levels iatdVood Thrush blood Hg unit.

Wood Thrush: This neotropical migrant is well known for beinggacted by habitat
fragmentation and associated increases in nesawadand parasitism (Robinson et al. 1995,
Trine 1998), including areas in New York (Driscalid Donovan 2004). However, only
recently have other threats, such as those reiatai pollution, been identified. Hames et al.
(2002) found a strong negative effect of acid emd breeding Wood Thrushes. Acidification of
forested landscapes and negative impacts on feoegiird breeding populations are known
elsewhere as well, including areas in Europe (Gaaek1998).

Our 2005 capture effort resulted in 35 Wood Thesstampled for Hg analysis (29 adults
and 6 juveniles) at seven sites. Blood Hg levelzdults had a mean of 0.07 +/- 0.03 ug/g, ww
and ranged from 0.01 to 0.16 ug/g, ww and juverikes$ a mean of 0.03 +/- 0.02 ug/g, ww and
ranged from 0.01 to 0.08 ug/g, ww (Table 1, Figkixe

Wood Thrush for all sites

0.14

0.12

0.10 A

0.08 W Adults
@ Juveniles

0.02

0.00 -
Hunter Mill Brook, Devil's Black Rock Brookfield  Totts Gap, IES, NY

o o

(=] o

N (o]
I I

Mean Blood Hg (ppm, wet weight)

Mountain ~ NY (n=3,1) Tombstone, Forest, NY Forest - PA (n=10) (n=8)
West, NY NY (n=4,2) (n=2) BFL, NY
(n=1,2) (n=1,1)

Figure 2. Comparison of blood Hg levels of Woodugtes in New York and Pennsylvania, 2005.

Small sample sizes of adult Wood Thrushes fromitiitial effort makes spatial
comparisons difficult for statistical robustne3® statistically characterize each location an
estimated 26 individuals of one age class is neéukeskd on fixed precision analysis using the
mean and variation from Totts Gap and a percerdgbgaative precision value [PRP] of 25%,
which means that the upper and lower confidencediwmill fall within 25% of the mean with a
95% certainty) (Sutherland 1996). By normalizing blood Hg levef various low to moderate

1 If we used 20% PRP a sample size for each locafi@ Wood Thrushes is needed.
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elevation thrush species into a Wood Thrush, ampieary spatial analysis can be conducted
(see section 5.6).

Although only preliminary Wood Thrush Hg resulterh a limited number of locations
are available, the geographic patterns of air pioludeposition and sensitive habitats (i.e.,
poorly buffered soils in montane areas) indicateraelative relationship with changes in Wood
Thrush presence and breeding intensity (FigureBased on standard breeding bird atlas efforts
for the two time periods, Wood Thrush breeding pations indicate dramatic negative changes
including (1) presence in the Adirondack Mountdias declined in spatial extent as well as
number of blocks with confirmed breeding (currenthere are very few areas with confirmed
breeding in the Adirondack Mountains) and (2) dignsi blocks with confirmed breeding has
declined substantially in the Catskill Mountainsla®veral other areas of New York. A
regionwide analysis of biological hotspots basegisuivorous birds and mammals included
parts of the Adirondack and Catskill Mountains (Evet al. In Review). Although that analysis
did not include potential methlymercury availalyilénd impacts on insectivores and northern
forests, the overlap of biological hotspots of ldgpiscivores and concerns for insectivores in
the same areas are compelling for further monigpoinspecies like the Wood Thrush.

Figure 3. Breeding distribution of the Wood Thrimstsed on the Breeding Bird Atlas for NY (NYDEC 2D06

Bicknell’'s Thrush: This neotropical migrant is also a species of lughservation concern
(Partners in Flight rank of 18 out of 20). It i®third with the highest conservation concern in
the Northeast (Rich et al. 2004). The BicknellleUsh is relegated to breeding in subalpine
areas of conifer-dominated forests with elevattmesholds that are latitudinally controlled
(Lambert et al. 2005); in the U.S., lowest elevadioccupied are in northern Maine at 750m,
while in the southernmost extent of its range m @atskill Mountains the Bicknell’s Thrush
generally breeds on mountains 1,100 m or highen(fer et al. 2001). While the Wood Thrush
serves as our indicator for methlymercury availgbih low to moderate level sites, the
Bicknell's Thrush indicates high elevation levels.

Only one site was included in the 2005 samplirigref The mean blood Hg level on
Plateau Mountain was 0.08 +/- 0.03 ug/g (ww) witlaage of 0.05 to 0.14 ug/g, ww (n=11)
(Table 1). This site is lower than many sites ewNEngland (Rimmer et al. 2005). To
statistically characterize each location an esth&tl individuals of one age class is needed
(based on fixed precision analysis using the meanvariation from Plateau Mountain and a
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percentage of relative precision value [PRP] of 2&#ich means that the upper and lower
confidence limits will fall within 25% of the meawith a 95% certainy (Sutherland 1996).

Unlike the Wood Thrush, the distribution and dgnsf confirmed breeding by the
Bicknell's Thrush in the Adirondack and Catskill Matains is relatively similar between the
two time periods of data collection by the New Y@&needing Bird Atlas.

Figure 4. Breeding distribution of the Bicknell'®ifish based on the Breeding Bird Atlas for NY (NYDEOO06).
5.3 Comparing thrush blood Hg exposure

There were six thrush species sampled for merewsld in 2005 at 12 separate sites.
Individuals of all species likely were breedinghiiit the areas of capture (with two exceptins
The Wood and Hermit Thrushes were best representise sites. The study-wide
distribution of blood Hg levels from low to high veegenerally: Veery < American Robin <
Hermit Thrush < Swainson’s Thrush < Wood ThrushiekBell's Thrush (Figure 5).

Thrush Hg exposure is likely dictated by (1) foragtechnique, (2) prey selection, (3)
body size, (4) elevation of breeding habitat, &)dspil moisture. These factors may be additive
or antagonistic. In the American Robin, averagifg and is the largest thrush, its blood Hg
levels tended to be similar to the much smallerryé21g). Robins likely forage on prey items
that are in lower trophic levels (e.g., earthwormBhe foraging technique and prey selection of
Wood Thrushes is likely different than the Ameridamobin and is comprised of higher trophic
level prey items (e.g., beetles and centipedesiniei® and Robinson 1988), because Wood
Thrushes (48g) are approximately 37% lighter tlwnins. There are also gradients of soil
chemistry that tend to become more acidic anddeffered as elevation increases. High
elevations are more prone to higher Hg depositidiigr et al. 2005) and their geochemistry
likely predisposes habitats to higher methlymerqurgduction and availability (as indicated by
Rimmer et al. 2005). Therefore, high elevatioecsps such as the Bicknell’s Thrush (28g) and
even the Swainson’s Thrush (29g) have proportigriagiher Hg levels than associated low-
elevation mountainside neighbors. Lastly, moishae an important role in methlymercury

2 If we used 20% PRP a sample size for each locafi@7 Bicknell's Thrushes is needed.
® The Hermit Thrush from the Shawangunk Mountairg the Wood Thrush from Hunter Mountain — west.
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availability to thrushes and other songbirds. Ar@#&h more mesic soils are likely to have
thrushes with higher Hg body burdens than the sgreeies with territories on xeric soils. At
the IES site, the Veery was sampled in both measilcxaric soils and those individuals in
habitats with mesic soils had higher blood Hg IsveAlthough Hermit Thrushes average 30g
and are similar to size with the Bicknell's and $wan’s Thrushes, indications are that Hermit
Thrushes have lower Hg body burdens. This mayesadse Hermit Thrushes generally inhabit
drier forests tracts (Holmes and Robinson 1988).
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Figure 5. Adult thrush blood Hg levels by NY and Raation.

Although there are subtle differences in foragitigtegy among the thrush species, we
normalized blood Hg levels for thrushes within sane site to attain standard blood Hg levels
for the Wood Thrush in low elevation areas andBlo&nell’s Thrush in high elevation areas
(Table 2). This process provides a comparable odeftbr comparing thrush Hg exposure with
larger sample sizes and therefore is the basisuofirst attempt at developing a spatial gradient
for New York.

Table 2. Within-site comparisons of thrush spefwesiormalizing non-target thrushes to target
thrush blood Hg levels.

Target Thrush Non-target Thrush Conversion Factor b
Target Thrush
Low Elevation
Wood Thrush Hermit Thrush 1.19
Am. Robin 1.75
Veery 2.21
High Elevation
Bicknell's Thrush Swainson’s Thrush 1.04
Hermit Thrush 1.23
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Within-site comparisons are based at multiple shiesvever only the Plateau Mountain
site provides the ability to relate the depositibidg and its subsequent availability on one
mountainside (Figure 6). At the base of Plateawhain at approximately 2,000 feet, is Devils
Tombstone State Park Campground and the site gélsagrefforts for the Wood Thrush.

Capture and sampling efforts in 2005 resulted éahility to compare the blood Hg levels from
three species with overlapping breeding territori€ee Wood Thrush had the highest Hg body
burden of the three thrush species. Approxim&g@0 feet above this site was the capture and
sampling area for three other thrush species. Bitinell's Thrush has the highest mean Hg
body burden. All thrush species Plateau Mountamaed to have higher Hg body burdens than
those at Devil's Tombstone State Park and prowdétence for higher MeHg availability as
elevation increases.

Bicknell's Thrush A
(82 ppb)

High Elevation ~ 4,000 feet

Swainson’s Thrush
(79 ppb)

Hermit Thrush
(67 ppb)

Wood Thrush
(58 ppb)

Veery Low Elevation ~ 2,000 feet|
(34 ppb)

American Robin

(33 ppb)

Figure 6. Comparison of thrush blood Hg levels @atdau Mountain, New York.

To provide some geographic context to the New Yar#t Pennsylvania thrush body
burdens of Hg, comparisons are made with Maine, Nempshire and Vermont (Figure 7).
Generally, blood Hg levels in thrush species from 2005 New York and Pennsylvania
sampling effort were similar to New England sitesthe Veery, Hermit Thrush, Swainson’s
thrush, and Wood Thrush. There appears to befisigni differences between the two
geographic areas for the American Robin and Bidlen€hrush. Small samples limit statistical
comparisons, but higher levels in Maine generallpfv known geographic trends of
methylmercury availability in other birds, suchtas Common LoonGavia imme) (Evers et al.
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2003). Such established geographic trends relpamy environmental variables including point
source proximity, habitat sensitivity, and hydraot@y management and may not necessarily all
apply to forest songbird geographic patterns ofdvgls.

Regional Comparison of Adult Target Species
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Species

Figure 7. Comparison of thrush blood Hg levels asmdew York and New England.
5.4 Mercury exposure in non-target species

Because there are few comparative studies on Hg lmadlens in songbirds and other
avian insectivores, an effort was made to sampleyméthe songbirds captured. In addition to
the 93 thrushes captured and sampled, an addi@&nal
individuals (74 Adults and 11 juveniles) represegt20
species were also sampled for blood Hg levelshadigh
emphasis was on sampling the Louisiana WaterthHvashuse
of its likely high risk to recently demonstratedtiigmercury
availability in upper watershed streams (Bank e2@05), we
also opportunistically sampled a relatively largenber of
Red-eyed Vireos (n=29) (Table 1, Figure 8). Baftthese
species and the Blue-headed Vireo demonstratetivedia
high Hg body burdens compared to other forest siotgb
Although Red-eyed Vireos are upper canopy inhatstahey
regularly responded to the mobbing calls of ouyipek
recordings and were easily sampled.
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Non-thrush species in New York and Pennsylvania
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Figure 8. Comparison of blood Hg levels for norgdrsongbirds.

One of the larger warbler species, the Louisiarserthrush is of particular interest
under this effort as it is a neotropical migranhafh conservation concern (Rich et al. 2004) and
because of its relatively large size and aquatgetidood preferences it is of concern for impacts
within acidic habitats. It forages at the watextige for the following insect families:
Chironomids, Coleopterans, Diplopods, Ephemeropterdemipterans, Neuropterans,
Plecopterans, Stratiomyiids, Tipulids, and Triclesphs (Robinson 1995). It also forages on
snails and other mollusks, arachnids, amphibiams sanall fish. These prey items likely explain
its relatively high Hg body burdens that exceedwdghes (Figure 5) and non-thrush species
(Figure 8). Comparisons of breeding bird atlas f@atahe first (1980-1985) and second (2000-
2004) periods indicates a substantial loss of dvereeding range, density, and confirmed
breeding.

Figure 9. Breeding distribution of the Louisianatéfthrush based on Breeding Bird Atlas for NY (NYOEOOQ6).
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5.5 Mercury exposure in songbirds by site and forgguild

A total of 11 separate locations were sampledgdémgbirds (Appendix 1l). The blood Hg
levels by site provide comparisons for inter-specedationships. Particularly important were
the multiple neighboring sites sampled at varyily&tions in the Hunter and Plateau Mountain

area (Figure 10). Larger sample sizes from eathasfe locations will provide insight and
statistical comparisons into inter-species compassat multiple elevations.

Comparison of all species at Hunter Mountain West, Devil's Tombstone
and Plateau Mountain
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Figure 10. Comparison of Hg body burdens in specan the Hunter and Plateau Mountain area, 2005.

Generally larger bodied songbirds of both ground @anopy foraging species had the
highest Hg levels (Figure 11). This is likely besa larger birds tend to feed on larger prey
items that tend to have higher methlymercury lev8mall sample size preclude conclusions,
but larger songbirds are likely at greatest riskleHg availability.
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Figure 11. Comparison of Hg body burdens in spec@n grouped into six foraging guilds .
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5.6 Mercury thresholds for songbirds

There are few datasets available that providee & concern for methlymercury
accumulation and exposure to avian insectivoremomet al. (1999) estimated the dose of
methlymercury to Northern Rough-winged SwalloBse{gidopteryx serripennishat was
considered a lowest observed adverse effect Ie@AEL) as 0.25 ug/g, ww. Recent additional
work on swallows, specifically the Tree SwalloWathycineta bicoldr, by scientists at the U.S.
Geological Survey’s Patuxent Wildlife Research @eprovides more relevant information for
this pilot assessment. Through formal Hg dosingeeients of Tree Swallow eggs based on
protocols established for the CALFED-Bay Delta MeycProject (Heinz 2003), Hg levels that
posed a cause of concern were developed by GanzHeers. com.). Using an endpoint of
embryo survival at 90% within the hatching dateinddound a significant negative impact in
embryo survival at egg Hg levels of 0.80 ug/g (w\i£gg Hg levels of 0.40 ug/g (ww) were not
significantly different than the reference conditip=0.19); although larger samples sizes may
indicate a cause of concern at this Hg levels. skiggre not dosed at the 0.60 ug/g (ww) level.
The CALFED study is determining the relative semsiés of methlymercury effects on eggs of
over 30 species. Because the LOAEL for the Malisu@ 80 ug/g (ww) (Heinz and Hoffman
2005) and swallow eggs are considered to be mosgtse to the negative impacts of
methlymercury in eggs than mallards, a value betve40 to <0.80 ug/g (ww) should be used
for a cause of concern for Tree Swallows.

The use of eggs as a sampling tissue for the NpildRassessment was not feasible.
Blood Hg levels were used instead. Based on anhlighed dataset from BRI, a regression
model provides a relevant
tool for predicting blood
Hg levels from egg Hg
levels. Based on 99 paired
Hg levels from eggs and
blood collected from the
same female,
approximately 50% of the
variability can be predicted
using a model of: Blood Hg
=2.1115 (Egg Hg) +
0.1118 (Figure 12).

Figure 12. Model of egg Hg levels a predidimbd Hg level§

Based on evaluations by Heinz (pers. com.), thel lef concern for negative impacts of
methlymercury on eggs for all songbirds (basedhenTiree Swallow and Common Grackle) is
between 0.40 and 0.60 ug/g (ww). Using the BRdljgtere model, blood Hg levels for this
range are between 0.96 and 1.38 ug/g (ww) (Fig8)ye RPending further data, blood Hg levels
below 0.96 ug/g (ww) are proposed here as no orrisky levels between 0.96 and 1.38 ug/g

% Based on unpublished data by BRI for the Tree Swall
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(ww) are likely at risk, and blood Hg levels >1.3&g (ww) are individual birds at risk to injury
from methlymercury toxicity to reproductive success
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Figure 13. Model of egg Hg levels and predictezbliHg levels.

As predicted, none of the birds sampled in 20G%&eded the LOAEL for Hg of 0.96
ug/g, ww of in the blood. The highest level re@mtdvas well below the LOAEL and was 0.24
ug/g, ww in the blood of a Louisiana WaterthrusiAllegany State Park. While MeHg levels
are not at the LOAEL, they are elevated. If eledd¥leHg levels are found in birds associated
with areas low in available Ca, could that trigghysiological, behavioral and potentially even
reproductive impacts?

5.7 Relationship of mercury and calcium availailit acidified habitats

In acidified environments, negative effects ongtord fithess and breeding success have
been related to a deficiency in calcium availapiliTypically, there is an inverse relationship
between soil exchangeable calcium and increasithgido Calcium is generally a limited
nutrient in terrestrial foodwebs, but increasedvigions of calcium are needed for eggshell
production and for proper growth of hatchlings'herefore, areas with low soil pH, have low
levels of soil exchangeable calcium, which resultsmaller individuals of calcium-rich
invertebrates, lower densities, and therefore iciefit transfer of calcium to individual
songbirds. Experimental manipulations that suppletnavailable dietary calcium indicate that
hatchling size and growth rates (Tilgar et al. 20804 enhanced and indicate reproductive
performance by songbirds in acidified environmenéy be problematic (Dawson and Bidwell
2005). How different species within the same aespond to calcium deficiencies varies (Mand
and Tilgar 2003) and therefore requires high regmiunvestigations that carefully select
indicator species.
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Terrestrially acidified environments not only redicalcium availability, but they also
enhance aluminum (Graveland 1998) and methlymermuaiability (Scheuhammer 1987).
Mercury methylation in terrestrial systems is atigkly new realization by those studying
mercury cycling in forested habitats and foresigbimals (Rimmer et al. 2005, Evers et al. 2005).
Because soil pH and methlymercurly relationshipselavant biota are likely strong, particularly
in soils that favor methylation such as those \a@hlow oxygen (usually saturated soils), (b)
high sulfur load, and (c) high dissolved organidca. Preliminary data collected from the IES
site may provide the insight needed to directlynear acidification of terrestrial habitats with
reduced calcium availability and enhanced methlyguongravailability.

At the IES site, we collected soil samples thptesented organic and mineral layers,
their pH, and total Hg and Ca levels. At thoseesites, blood Hg levels were determined for
the Wood Thrush and Veery. We found a significanerse relationship between soil pH and
Hg in the organic layer and a tendency for soiticath levels to increase as soil pH increased
(Figure 12a, b). Therefore, as topsoil became raoidic total Hg increased and Ca decreased.
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Figure 12. Relationship of pH with (a) Ca and (lg) lelvels in the organic soil layer.

The response detected in forest floor songbirdegdly corresponded with these findings.
Wood Thrush blood Hg levels increased with orgaoit Hg levels (Figure 13a) and had an
inverse relationship with organic soil exchangeddeevels (Figure 13b). Similar analysis with
associated Veery individuals did not exhibit trefmlend in the Wood Thrush (Figure 13a, b).
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Figure 13. Relationship of organic soil layer fay Hg and (b) exchangeable Ca.

22



A preliminary comparison of how blood Hg levelstoé Wood Thrush and Veery
compare with soil pH are illuminating. One spectie Wood Thrush, exhibits the hypothesized
relationship of higher blood Hg levels in more #@odl soils, while the Veery's relationship of
blood Hg levels and organic soil pH are countesuohypothesis. (Figure 14). The effects of
calcium deficiency on birds can be species- and @opulation-specific (Mand and Tilgar
2003) and subtle differences in
foodweb pathways for
methlymercury biomagnification and IES sites Blood Hg vs Soil pH
transfer can also create multiple-fold
differences in blood Hg exposure in
sibling species within the same area

(Shriver et al. In Press). Because th fg 0.25 e —— + VEER
Wood Thrush feeds primarily on the > 0.20 ; ' ~ WOTH
forest floor by moving leaf litter to g 0.15 |
locate prey items (Holmes and = 010
Robinson 1988), the pathway of T 0.101

. . B y =0.0482x - 0.1857
methlymercury through its prey is 3 0.05 1 S
likely connected with the organic “ 0.00 ‘ ‘ ‘ ‘ ‘
soil. This analysis indicates thaF the 3 35 4 45 5 5.5 6
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Figure 14. The relationships between thrusledHg levels and
organic soil pH.

5.8 Spatial relationships among sites for Hg

The spatial relationship of MeHg availability asasared through a standard thrush
blood Hg unit provides an avenue for assessingdiagensitivity and potential proximity to Hg
emission sources (Figure 15). Because sampls wiitkin sites and the number of distinct sites
and their juxtaposition are severely limiting tematial analysis should be strictly considered as
an example of future potential findings.
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Figure 15. The spatial relationships for bldtgilevels standardized for a Wood Thrush.
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6.0 Policy Implications

The reduction of pollutant emissions is particylamportant in northeastern North
America. Industrial areas in the Ohio River valdeg likely sources of sulfur and Hg deposition
in New England and New York. Keeler et al. (2005¢d back trajectories of air masses to
directly link Hg deposition in western Vermont wihurces in the Ohio River Valley and
neighboring areas. This likely explains the dicmoy for why significant efforts in New
England and New York to reduce Hg emissions doyabteflect regionwide declines — current
Hg deposition in many areas of the Northeast dtalgitated by neighboring states.

Such regional connectivity does not supercede hiigyafor local sources of Hg to have
significant local impacts. Even though the prenukthe U.S. Environmental Protection
Agency’s rule-making for the Clean Air Mercury R{EAMR) or “Cap-and-Trade” policy is
that utility-attributable hotspots would not ocaifter implementation of CAMR mercury trading
program (USEPA 2005), there is growing evidence blaaic premise may not be completely
accurate.

Recent findings indicate a growing body of evidetiad atmospheric deposition and
biological Hg hotspots can be created by local simissources; five such studies include: (1)
Steubenville, Ohio where a U.S. Environmental Ritid@ Agency funded project demonstrated
that nearly 70% of the Hg collected at a monitositg originated from a neighboring coal-
burning facility (Landis et al. 2005), (2) northesxs Massachusetts where the Massachusetts
Department of Environmental Protection reporte@% 2lecline in yellow perch during a seven
year decline in nearby Hg emissions from municgral hospital incinerators (Hutcheson 2003),
(3) southern Florida where fish and wading birdddgcentrations declined 60-70% per efforts
directed by the state of Florida and Universitytidrida (Frederick et al. 2005), (4) Cresson,
Pennsylvania where researchers from Pennsylvaata Bhiversity and the Pennsylvania
Department of Environmental Protection demonstrétatiHg levels were 47% higher in areas
closer to power plants than distant ones such ¥geltsboro, Pennsylvania, and (5) nine
southeastern New Hampshire lakes where Hg levelsed over 50% in the blood of the
Common Loon between 2001 and 2004 (Evers et &elnew). In New Hampshire, this
decline in MeHg availability correlated with themweval of 6,600 pounds of Hg from upwind
incinerator emission sources located within 200d{rthe study area.

If these examples are not the exception, butulee then local emission sources can
cause local impacts and atmospheric depositiorbandgical Hg hotspots are likely
widespread, especially in the eastern U.S. Thentadentification and characterization of
biological Hg hotspots in the Northeast by Everalefn Reviewy further demonstrates that they
exist and are present for multiple reasons thamideclocal emission sources as well as landscape
biogeochemical cycling. The contentious naturbaih atmospheric and biological Hg hotspots
was recently highlighted by a 15 May 2006 reporth®/Acting Inspector General for the U.S.
Environmental Protection Agency (USEPA 2006). Witthe report, the Inspector General
guestioned the U.S. Environmental Protection Agangsemise for their mercury rule that
emissions from power plants after emissions tradiilighot lead to local hotspots of Hg
deposition. In response, the U.S. Environmentatdetion Agency Inspector General’s office
recommended the development and implementatiomtéraury monitoring plan.

The influence of both local and regional Hg sourmesssociated ecosystems therefore
needs careful consideration — particularly in centeith the new U.S. Environmental Protection
Agency’s “Cap-and-Trade” rule. A cost-benefit aiseéd with new information on the existence
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of biological Hg hotspots that are controlled bydband likely regional Hg sources may diverge
from the federal analysis Until such an analysis is conducted, the tradifigg emissions
should take into account (1) current Hg emissioelieand (2) nearby habitat sensitivity.

Based partly on new evidence by the New York SEsergy Research and Development
Authority (NYSERDA 2006), New York just proposedeoaf the most stringent Hg emission
reduction standards for coal-burning facilitieghe country (on 26 May 2006). The proposed
rule would reduce Hg emissions from electricity-geting stations by 50% by 2010 and would
require a 90% reduction by 2015. Under the curiexh¢ral rule, power plants need to reduce
their Hg emissions by 50% by 2018 and sometime 2020 will reduce emissions by a total of
70% (40 CFR Part 60, Appendix B; 70 Fed. Reg. 28,60 he New York ruling increases the
overall reduction of Hg and has a more aggressaieline.

The rapid identification of sensitive habitats dine species of greatest risk in New York
and nearby states and provinces is paramount tdiag increased impacts from regional Hg
emission sources during near-term trading of emspollutants. Because Hg emissions in one
part of the world have the ability to pollute dist@arts, eventually the solution will need to be
an international one. However, as long as biokdityg hotspots can be traced to local emission
sources, local solutions are possible

Photos of a net lane (left), Louisiana Waterthr(ugiper right), Red-eyed Vireo (lower right).

® In addition, the USEPA (2005) did not include egital impacts in their cost-benefit analysis, ewéth
scientific precedent for the importance of ecolagimpacts on socioeconomic interests (Bockstaal. 2000).
® Technologies are rapidly being developed to reddgemissions from coal-fired generation facilitiesan
efficient and economic way (Srivastava et al. 2006)
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7.0 Conclusions

There are compelling reasons to link exiskngwledge bases of relevant pollutants
with impact to breeding songbirds in eastern fadgiuch is already known about the effects of
acidic deposition on northeastern landscapes andehletion of available Ca in soil. Only
recently has the additional stressor of increase#idylavailability been implicated with the
acidification process. The distribution of Hg ahd availability of MeHg are now well
documented in the Northeast. This pattern wasmaptshed from a four-year study funded by
the USDA Forest Service. BRI and their collaboraitmympiled and synthesized most of the
publicly available mercury data in the Northeasb ia series of 21 papers in a special issue of
Ecotoxicology (Evers and Clair 2005). From thisnpoehensive review on how Hg is
distributed across the landscape there are thmda{js that partly serve as a basis for this
current investigation: (1) new findings indicate Ngavailability is more prevalent in terrestrial
birds than previously considered (Evers et al. 20 birds in montane terrestrial habitats are
especially at risk (Rimmer et al. 2005), whichikely related to atmospheric deposition of wet
and dry Hg that is higher than lower elevation tetbi(VanArsdale et al. 2005), and (3) there is
a significant relationship between wet and dry legakition models based on Miller et al.
(2005) and Bicknell’s thrush blood Hg levels (Rimmeéal. 2005).

With our sampling efforts of forest songbirds ir080ve found blood Hg levels that were
elevated, but not at levels that cause impactteet of blood Hg levels indicate that body size,
elevation, and geographic location are importantées to measure. Because of the rapid and
near-complete loss of breeding populations of treWVThrush in the Adirondack Mountains
and prominent declines in other areas of eastem Y&k, including the Catskill Mountains, we
feel that the hypothesis of elevated Hg levelsdgfetient Ca levels in the its breeding range
remains compelling. Other species, such as thesiama Waterthrush and Rusty Blackbird
exhibit similar population trends in New York angpaar to bioaccumulate greater amounts of
MeHg than the Wood Thrush.

As there are yet no emission controls on electiities, the major source of atmospheric
Hg in the U.S., results from this investigation npagvide important information to policy
makers on the pervasiveness of Hg in the Northeabhow synergy with other stressors such as
acidic deposition could have broad-scale impactsrtbpopulations and ecosystem health. If
our efforts here link emission sources from theddRiver Valley with biological Hg hotspots in
New York, the premise of the U.S. Environmentaltecton Agency’s “Cap-and-Trade” ruling
is further challenged. The trading of Hg amongd-¢wed boilers could result in increased Hg
emissions to (1) some areas that are highly seesii Hg and S deposition, such as montane
and bog habitats in the Adirondack Mountains ang ageas that currently have lower relative
emissions. All point sources in New England areaurtD0 pounds per year (Figure 16).

Because BRI and colleagues, including those fraarHubbard Brook Research
Foundation, are actively linking Hg scientific finds with national policy through Hg briefings
to Congress and other means, the jointly fundegiaret by The Nature Conservancy (2005 and
2006) and NYSERDA (2006) could ultimately contribwd a framework for new national
legislation to regulate Hg emissions and eventustipdardized monitoring efforts. Should the
decline of Wood Thrushes and other songbirds siggal a widespread and major disruption in
how forests function in New York, New England amdrsunding areas then this effort becomes
very timely and may help stave off further silergcof northern forests.
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Figure 16. Mercury emission point sources in eadteS with sources of >500 pounds associated avib mile
radius red circle.
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8.0 Recommendations for 2006.

1. Continue development of Hg exposure profilésee Appendix Il for map and listing of
2006 sampling stations):
a. ldentify potential biological Hg hotspots;
b. Determine regional spatial gradient of MeHgiknbility;
c. Search for areas and habitats that might elxite0.96 ug/g, ww impact level of Hg
in the blood (i.e., bog areas).

2. Include an analysis of Hg and Ca in soil, ptesns and birds to:
a. Quantify the relationship of Hg and Ca in bifdr different geographic areas;
b. Quantify the relationship of Hg and Ca amooi§ prey, and bird compartments;
c. Use relationships to develop a predictive mémtladentifying problem areas and
extrapolating such findings across the region.

3. Add a field sampling component that measurekreisponse to pollutant stressors using
nationally standardized protocols, such as:
a. Birds of Forested Landscapes to determineepoesand density of singing males of
target species;
b. Monitoring Avian Productivity and SurvivorshiplAPS) to determine productivity
and survivorship of target species.

4. Present findings at forums that include sciierngind policy oriented outlets, including:
a. Scientific conferences and journals;
b. National policy arenas, such as the U.S. @&n&nvironment and Public Works
Committee.

5. Explore abilities to add this and similar Hgnttoring efforts to the national Hg monitoring
plan.
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Appendix I. Sampling effort for soil, invertebrajend birds in New York and Pennsylvania, 2005.

Location / Species Sample Si Invertebrates*| S¢il Lotian / Species | Sample Siz Invertebrates*| Sq¢i
Allegany State Park, NY 1sp,2c,2m 2]IES none 0
Hermit Thrush 1 Wood Thrush 8
Veery 4 Veery 1
Louisiana Waterthrush 3 Millbrook, NY none 0
Other songbirds 6 Hermit Thrush 2
Belleayre, NY 2sl,4ca 4 Wood Thrush 4
Swainson’s Thrush 1 Other Songbirds 5
Black Rock Forest, NY lsp,2s0,2m,2c 4Plateau Mountain, NY 3c,4ca, 2sl,3b,2pl 4
Wood Thrush 2 Bicknell's Thrush 11
Other songbirds 13 Hermit Thrush 5
Brookfield Forest, NY 3sp 2 Swainson’s Thrush 9
Veery Other Songbirds 1
Wood Thrush Shawangunk, NY 3sp,3¢c,1m,1gh 2
Other Songbirds Hermit Thrush
Devil's Tombstone, NY 4sp,1m,1sl, 2c,2fcr 3 Other Songbirds
American Robin 5 Tott's Gap, PA 1sp,1c1b 2
Veery 6 Wood Thrush 10
Wood Thrush 6 Other Songbirds 12
Louisiana Waterthrush 2 Tug Hill, NY 1sp,2c,1m,1k 2
Other songbirds 21 Hermit Thrush 5
Hunter Mountain West, NY 3sp,1c 1 Swainson’s Thrush 1
American Robin 1 Other Songbirds 8
Hermit Thrush 3 * b: beetle, bl: beetle larvae, c: centipede, edempillar, cr: cricket,
Wood Thrush 3 gh: grasshopper, k: katydid, m: millipede, sl: slsig: snail, so:
Other Songbirds 4 sowbug, sp: spider




Appendix lla.

Allegany State Park, NY Adults

Black Rock Forest, NY Adults
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Mercury in Songbirds in New York and Pennsylvania

Appendix Il, cont'd.
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Plateau Mountain, NY Adults
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Appendix lll. Probable locations of sampling stas in 2006.



Appendix lll, cont'd. Probable locations of sanmglistations in 2006.

TNC  NYSERDA BRI Target Species 2006
Map Sampling Sampling Sampling Sampling 1=Thrush; 2=Rusty Blackbird;
Number State Region Site Latitude Longitude 2005 2006 2006 2006 3=Bat Approx. Dates of Sampling
1 DE northern DE Univ. Delaware -75.101600 X 1 1 May-31 Jul
2 ME  western ME Bigelow/Saddleback Mtns. -70.503100 X 1 1 Jul-1 Aug
3 ME western ME Seboomook Lake area -69.733700 X 2 1 Jun-12 Aug
4 NH cental NH Pondicherry NWR -71.525900 X 2 1 Jun-12 Aug
5 NH central NH Hubbard Brook Reserch For. -71.729600 X 1 2 Aug-5 Aug
6 NY  Adirondack Mtns Arbutus Lake -74.241300 X 1,3 19 Jul-21 Jul*; 14 Jun-15 Ju
7 NY  Adirondack Mtns Elk Lake -73.829900 X 1 21 Jul-23 Jul
8 NY  Adirondack Mtns Ferd's Bog -74.761500 X 2,3 17 Jul-19 Jul® ; 12 Jun-13 Ju
9 NY  Adirondack Mtns Lake George - Dome Island -73.638700 X 1 24 Jul-26 Jul
10 NY  Adirondack Mtns Spring Pond Bog -74.506700 X 2 8 Aug-10 Aug
11 NY  Adirondack Mtns Sunday Pond 43.858400 -75.103800 X 1,3 6 Aug-8 Aug" ; 16 Jun-17 Ju
12 NY  Adirondack Mtns Whiteface Mountain 44.365900 -73.902600 X 1 17 Jul-30 Jul
13 NY  Allegheny Plateau Allegany State Park - north 42.029000 -78.813080 X X 1 3 Jul-5 Jul
14 NY  Allegheny Plateau Allegany State Park - south 42.057100 -78.828700 X 1 30 Jun-2 Jul
15 NY  Catskill Mtns. Belleayre 42.067500 -74.645200 X n/a
16 NY  Catskill Mtns. Devil's Tombstone 42.155400 -74.204300 X X 1 19 Jun-21 Jun
17 NY  Catskill Mtns. Hunter Mtn. - west 42.187400  -74.250200 X n/a
18 NY  Catskill Mtns. Mill Brook 42.076840  -74.650060 X X 1 10 Jun-12 Jun
19 NY  Catskill Mtns. Plateau Mountain 42.137900 -74.174300 X X 1 19 Jun-30 Jul
20 NY  Catskill Mtns. Neversink Reservoir 74.657500 X 1,3 14 Jun-16 Jun® ; 10 Jun-11 .
21 NY  central NY Brookfield Forest - BFL 42.856200 -75.400100 X n/a
22 NY  Lower Hudson R. Valley Black Rock Forest 41.408300 -74.021500 X X 1,3 5 Jun-7 Jun® ; 6 Jun-7 Jun®
23 NY  Lower Hudson R. Valley Institute of Ecosystem Studies 41.785100 -73.694000 X X 1 15 May-15 Aug
24 NY  Lower Hudson R. Valley Shawangunk Mountains 41.681200 -74.348200 X X 1,3 8 Jun-10 Jun® ; 8 Jun-9 Jun’
25 NY  Lower Hudson R. Valley Mohawk Valley -73.921000 X 1 11 Jun-13 Jun
26 NY  Tug Hill Tug Hill - south 43.655840 -75.598980 X n/a
27 NY  Tug Hill Tug Hill - west -75.888800 X 1 13 Jun-15 Jun
28 PA  southwestern PA Powdermill Nature Reserve 40.329000 -80.409200 X 1 26 Jun-28 Jun
29 PA  eastern PA Totts Gap 40.925660 -75.175160 X n/a
30 PA  mid Appalachian Mtns.  To be determined -79.152500 X 1 22 Jun-24 Jun
31 TN  s. Appalachian Mtns. Great Smokey Mtn NP -83.526900 X 1 15 May-15 Aug
32 VT northeastern VT Northeast Kingdom -71.538400 X 2 15 May-15 Aug

Total 12 sites 11 sites 5 sites 11 sites




Appendix IV.

Common Name

Latin Name

Red-eyed Vireo

Vireo olivaceus

Blue-headed Vireo

Vireo solitarius

Black-capped Chickadee

Poecile atricapilla

Tufted Titmouse

Baeolophus bicolor

White-breasted Nuthatch

Sitta carolinensis

Swainson's Thrush

Catharus ustulatus

Veery

Catharus fuscescens

Bicknell's Thrush

Catharus bicknelli

Hermit Thrush

Catharus guttatus

Wood Thrush

Hylocichla mustelina

American Robin

Turdus migratorius

Gray Catbird

Dumetella carolinensis

Magnolia Warbler

Dendroica magnolia

Black-throated Blue Warbler

Dendroica caerulescens

Black-throated Green Warbler

Dendroica virens

Yellow-rumped Warbler

Dendroica coronata

Black-and-white Warbler

Mniotilta varia

American Redstart

Setophaga ruticilla

Common Yellowthroat

Geothlypis trichas

Louisiana Waterthrush

Seiurus motacilla

Ovenbird

Seiurus aurocapillus

Hooded Warbler

Wilsonia citrina

Indigo Bunting

Passerina cyanea

Eastern Towhee

Pipilo erythrophthalmus

Song Sparrow

Melospiza melodia

Dark-eyed Junco

Junco hyemalis




