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EXECUTIVE SUMMARY

Background and methods: We investigated mercury (Hg) exposure in nestling adult bald eagles at
nesting territories throughout New York State (NYiB)esponse to growing concerns about Hg
contamination and effects on wildlife in the nodbtern US. This study emphasized the Delaware /
Catskill region of New York because this area isjsct to notably high rates of Hg deposition, anthie
focus of other ongoing Hg investigations. We aukel breast feathers and/or blood from nestling bal
eagles and shed feathers from adults at nestssitbanalyzed these tissues for Hg (n = 102 tissues)
Sampling in this study represented 53% of all otdipesting territories and 69% of all territories
fledging young statewide in 2006. We assessedvaitigegeographic patterns of bald eagle Hg
concentrations among seven major watersheds ahthwlite Catskill Park. In addition, we compared Hg
concentrations found in this study to those regbeleewhere in North America and assessed the
potential risk that Hg contamination poses to Newk¥s eagle populations. We also compared Hg

concentrations in eagle tissues to those foundaallfish at a subset of lakes and reservoirs.

Assessment of Hg exposure in bald eagles from reg&throughout New York: Findings of this

study support assumptions that Hg concentrationshaanigher in eagles in the Delaware / Catskill

region compared to other regions in the state.
The mean eaglet blood Hg concentration (which c&dlélg in recent diet) for the Delaware /
Catskill region was 0.52 + 0.25 ppm (n = 16 teriés), significantly higher than the mean for all
other regions (0.26 £ 0.16 ppm, n = 25).
The mean eaglet blood Hg concentration was higlithimor near the Catskill Park boundary
(0.64+ 0.24 ppm) than it was on the Delaware River alitwegNY/PA border (0.2& 0.11 ppm).
Limited sampling indicated generally low (backgrdur 0.40 ppm) blood Hg concentrations in
the Southeast Lake Ontario, Susquehanna, and $stithéroton regions. One or more eaglet
blood samples fell within the moderate (0.40 — (opfn) range in the Delaware / Catskill,
Western, Adirondacks, and Upper Hudson regions.
Mean territorial adult feather Hg concentrationigh reflect chronic lifetime Hg burdens) were
not significantly different between the Delawak@atskill region (34.@& 20 ppm) and all other
regions of New York (29.2 19 ppm).

Population comparisons: Sampling indicates Hg in bald eagles in NYS vabgsegion. For most of
the State, bald eagle Hg concentrations were gitdilkevels in populations that were consideredaee

low/background Hg exposure; however, mean conciéorisafrom the Delaware / Catskill region and
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from the Catskill Park in particular were similarlevels in other populations that were considered

elevated.
Eaglets:The mean eaglet blood Hg concentration in the Dataw Catskill region was
comparable (within 0.05 ppm) to levels found inletggfrom Maine lakes or from Pinchi Lake,
B.C., areas considered to have high risks to ediglas Hg exposure. Pinchi Lake is associated
with a Hg mine, while sources and exposure vaiaine lakes. Reproductive impacts due to
Hg have been suggested for Maine’s lake-dwellirgyespopulation and other fish-eating wildlife
such as common loons. The mean eaglet blood Heeotration from within or near the Catskill
Park approached the level considered elevatedsrstidy (0.70 ppm) and was higher than levels
reported in most comparable (i.e., similarly-agadlets) studies conducted in North America.
Adults: Mean territorial adult feather Hg concentration®Niew York were higher (statewide
mean) than mean levels from Alaska, Florida (botations <20 ppm; considered background
levels) and the Great Lakes (considered moderagdslebut lower than levels found in Maine
lakes, Pinchi Lake, and New Hampshire (all locatiof0 ppm, the level considered elevated in

this study).

Assessment of risks to populationsFindings based on analyses of both eaglet bloochdoll feathers
indicate a portion of NY bald eagle breeding terrés had Hg levels exceeding those considered
elevated and those associated with concern. largera higher proportion of territories were cdesed
elevated in the Delaware / Catskill region compdecedther regions of New York.
Eaglets: Twenty-five percent of the territories sampledhie Delaware / Catskill region, and
43% of territories falling within or near the CatkRark had mean blood Hg concentrations
above the level designated as elevated in thig/gtu@.70 ppm). The only territory considered
highly elevated¥1.0 ppm) was in the Catskill Park. No New Yorkiteries exceeded 0.70 ppm
outside the Delaware / Catskill region.
Adults: Twenty-six percent of the territories sampled stéde and 33% of territories sampled in
the Delaware / Catskill region had mean feathecéticentrations above the level designated as

elevated in this study (40 ppm).

Hg concentrations in eagles and fishBald eagles are one of the most common speciestased
monitor contaminants in aquatic ecosystems; howeker study is the first to evaluate the
relationship between fish and bald eagle Hg comagants in the northeastern U.S.
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Several sites with elevated Hg levels in fish ddad high eaglet blood Hg

concentrations; however, overall patterns werensstent and varied by fish species and
study site. Additional sampling is required to hat understand the relationship between
fish Hg levels and those found in eagles.

Eaglet blood Hg concentrations were correlated witdse measured in standard size smallmouth
bass. Eaglet blood Hg was also positively relaecbncentrations found in both standard size
walleye and brown trout; however, samples sizegwarall and thus the relationships were
uncertain. No relationships were detected betwegteeblood Hg and levels in standard size

yellow perch or several other fish species.

A variety of factors, including differential diejahabits of bald eagles, the use of foraging areas
outside the fish-sampling waterbody, and the s@ledif fish species not represented in our

dataset are likely causes for the variation in sl eagle Hg relationships.

The results of this study constitute an initialddase assessment of Hg in New York’s bald eagle
populations. Expanding on the knowledge gaineduthindhis study is critical to understanding the
impact of Hg contamination on eagles and otheshimiNew York. We provide recommendations for

further study at the end of this report.



Evaluating mercury burdens in bald eagles in Newk State 9

INTRODUCTION

Concerns over mercury (Hg) contamination and syuleset impacts on humans and
wildlife are increasing in northeastern states (E\&005). Hg in lakes and rivers can originate
from both point and non-point sources. The pringayrce of Hg in the Northeastern U.S. is
from atmospheric deposition related to local argiaeal municipal waste incinerators, coal
burning power plants, and medical waste incinegsat@nce Hg enters an ecosystem, factors
such as quantity of shoreline wetland habitat, Wateel fluctuations, high acidity, and
foodchain length have strong influences on thergxtewhich it biomagnifies up the foodweb
and becomes available to wildlife (Driscoll et2007, Evers et al. 2007, Munthe et al. 2007).

Hg is of concern throughout New York State; ovewé&lerbodies are listed by the New
York State Department of Health to have fish comtamt levels exceeding federal human health
standards. Hg levels in fish and wildlife sampbgdBioDiversity Research Institute (BRI), the
New York State Department of Environmental ConsonaNY SDEC) and others commonly
exceed concentrations associated with negativeatama wildlife (Yates et al. 2005, BRI
unpublished data, Loukmas and Skinner 2005, Loukehak 2006, Simonin et al. 2008, Peter
Nye, NYSDEC, unpublished data). Recent atmosplitgicnodeling has indicated that the
Catskill Mountain region of New York is subjectdome of the highest rates of Hg deposition in
the northeast (Miller et al. 2005). In additiother studies have suggested that the Catskill
region is likely one of several designated “merdunyspots” in the northeast (Evers et al. 2007).

Species such as the bald eagflal{aeetus leucocephaluare at risk from Hg due to their
long lifespan, piscivorous diet, and high tropleiedl. These characteristics also make eagles
effective monitors of aquatic ecosystem health (Baoman et al. 2002, Gill and Elliott 2003,
DeSorbo and Evers 2007). Current studies on ajtegopulations in Maine suggest that Hg
may be limiting the recovery of this species (Ddfcaind Evers 2007), raising further concern

about similar impacts on eagle populations in NeakY
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OBJECTIVES

=

Evaluate Hg exposure in New York’s resident dot nestling bald eagles statewide,
with emphasis on the Delaware / Catskill regiorfi(el in “Spatial Hg evaluations”
below; displayed in Fig. 1).

2. Compare Hg concentrations in New York’'s baldeagpulation with other regions.

3. Analyze relationships between adult and nestimgle Hg concentrations and those in

local fish from the same locality

4. Assess the potential for negative impacts of HiNew York’s bald eagle population.

METHODS

In an effort to maximize statewide representatsampling efforts were coordinated with
annual eagle banding events conducted by NYSDEnp8ng efforts emphasized successful
nesting pairs (i.e., pairs that did not producengpare underrepresented). A summary of eagle
nest occupancy and productivity in New York in 2@@# be found at:

http://www.dec.ny.gov/animals/9381.html (Nye et2007).

Target Tissues

Bald eagle tissues collected were (1) nestlingdlmad feathers and, (2) shed adult
feathers found in or near the nest tree. Nestigsyles reflect recent dietary uptake while adult
feathers reflect cumulative Hg burdens in residehitlts. The majority of samples in this study
were collected in 2006. Additional blood and feattissues collected during 1998-2005 by
NYSDEC biologists were also incorporated into asedyto expand spatial representation of Hg
patterns. Sample sizes by tissue type collecteliffierent years are as follows: nestling blood
(2004, n =1; 2005, n = 1; 2006, n = 17), nesthngast feathers (2006, n = 46), adult shed
feathers (2006, n = 31), and adult breast feafd®38, n = 1; 1999, n = 1; 2000, n = 5; 2006, n
=2) (Table 1).
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Eaglet Sampling

Aerial and ground surveys, coordinated by NYSDEE€remsed to confirm nest
occupancy and nesting age. Tree climbers usetitrzal rope and spike methods to access nest
sites that contained nestlings 5-8 weeks of agangies were collected using two approaches:
(1) nestlings were lowered to the ground for caitetof blood, feathers, and morphometric
measurements or (2) breast feathers were sampledrfestlings in the nest, with limited
morphometric measurements and no blood samples.

Eaglets taken from the nest were placed sepaiatela bag and lowered to the ground
for processing and banding. Blood was taken froenctitaneous ulnar vein of each eaglet (7-10
mL) using 23 %4” butterfly needles attached to heyzed evacuated test tubes or a syringe for
Hg analyses and sample archives. Blood samples laleeled and placed into protective cases
in a cooler, and were frozen within ten hours. ¥ feestling breast feathers were cut using
stainless steel scissors and placed into an ergelbforphometric measurements taken were
weight, bill length, culmen, footpad length, tarsudth, and eighth primary length following
methods described in Bortolloti (1984). All birdere banded using USFWS silver bands and
approved color bands (Nye et al. 2007). Eagletgssing lasted approximately 15-30 minutes
after which individuals were returned to the ndsaglets processed directly in the nest were

banded and sampled for breast feathers.

Adult Sampling

Shed feathers were collected from within and bedagle nests during visits.
Additionally, breast feathers taken from residamteling adults that were captured during
summer months by NYSDEC biologists using floatiisp snare techniques (Cain and Hodges
1989) or rocket nets (Nye 1990) were also includeghalyses. Feathers were air dried and
stored in a labeled plastic bag or envelope unalysis.

Sample Preparation and Laboratory Analysis

Blood samples were thawed, dried, and ground wsicryomill prior to analysis and
adjusted for percent moisture. All blood samplesananalyzed for total Hg using Direct
Mercury Analysis (DMA) at the Savannah River Ecglagb, Aiken, SC, and University of
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Georgia. We analyzed the distal portion (approxatya20 mm) of each breast feather for total
Hg. Feather tips were lipid extracted to remoudasie contaminants and ground in a cryomill
prior to analysis for total Hg using DMA. Hg ihi$ portion is highly correlated with the
remaining portion of the feathef & 0.92, n = 24 BRI, unpublished data) and fligrathers @
=0.98, n = 12 BRI, unpublished data). Hg conceiuina in feather tips were converted to reflect
Hg in the larger portion of the feather to refladbnger period of growth and exposure. Shed
adult feathers, typically one collected per nestargtory, were also analyzed. All blood Hg
levels are reported as wet weight (ww) and allfeatg levels are as fresh weight (fw). All
analyses used quality assurance and quality cof@®QC) procedures including procedural
blanks, duplicates, spike recoveries, and certifgddrence material (Natural Research Council
of Canada; generally dogfish muscle tissue [DORM&#] dogfish liver tissue [DOLT-2,
DOLT-3]). Detection limits were approximately 0Z®for both blood and feather analyses. All

analytical results were within acceptable limits.

Eagle Tissue Hg Conversions

Blood and breast feathers are the most commoressssed to evaluate Hg exposure in
nestling raptors. Blood sampling from eagletsngetintensive, as it is best accomplished by
lowering birds to a ground crew for processingedat feathers, however, can be easily sampled
from nestlings at the nest. In this study, we easjed sampling of breast feathers from the
majority of nestlings, while sampling blood at dset of nests. At sites where only breast
feathers were taken, feather Hg concentrations thereused to predict blood Hg concentrations
based on data presented in Welch (1994) in whistling blood and feathers were found to be
significantly related r= 0.71, n = 72 p < 0.0001)The Equation used for this conversion was:

Breast feather to blodd y, = -0.012 + 0.027X

Data summaries for this report prioritized convensi of nestling breast feathers to blood
(versus the reverse) because a greater propofticongparison studies solely report blood Hg
and Hg patterns are generally similar in both gstypes in nestling eagles (Welch 1994).
Territories in which blood samples were collectesl@epicted in Figure 1. All sibling eagle
tissue Hg values were averaged in nesting teresdor all analyses. Data from multiple eagle

! Where subscriptsand; represent total blood and feather Hg concentrat{ppm, ww), respectively. Blood to
breast feathér y;-3.349 +26.09()
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territories from the same lake were averaged forgarisons to fish Hg concentrations from the

same waterbody.

Spatial Hg Evaluations

To assess spatial Hg patterns within New York,inggerritories were assigned to 7
regions. These regions are based on HUC-4 watbdgigeations (New York State GIS
Clearinghouse, http://www.nysgis.state.ny.us). &k&iteds were modified in some regions to
combine adjacent watersheds where sample sizedimied (Roe 2004). All samples
collected in the Catskill Park boundary were inelddn the broader Delaware / Catskill Region
watershed (see Fig. 1). This region is referreaktthe “Delaware / Catskill Region” throughout
this report. Samples collected within the CatdRdrk boundary will be referred to as being
within the “Catskill Park.”

Hg Exposure Categories

Adverse effect thresholds for have not been estaddi for Hg in nestling bald eagle
blood and feathers. For adult bald eagle feathersjsed an adverse effect threshold of 40 ppm
based on the common looB4via immey Evers et al. 2008); this threshold may or mayh®ot
applicable to adult eagles. For context, spattigons of Hg exposure were evaluated by
categorizing eaglet blood and adult feather Hg entrations into exposure “risk” groups, an
approach similar to studies by Evers et al. (200Afommon loons. Categories are designated

based on the most recent data and literature penggtio each age class and tissue type.
Eaglet Blood

Eaglet blood Hg concentrations provide a short-tereasure of Hg exposure through
diet among similarly aged eaglets. Investigatidndgin eagles and loons in Maine provide
justification for category delineations used irsteiudy (Burgess and Meyer 2008, Evers et al.

2008). Hg concentration categories for eaglet dhhere:

Background: < 0.40 ppm
Moderate: 0.40 — 0.69 ppm
Elevated: 0.70 — 0.99 ppm
Highly Elevated:3 1.0 ppm
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Background and moderate categories are delineatidsi study to provide further
distinction among territories below the blood Hgdkeconsidered elevated (i.e., 0.70, Wiemeyer
et al. 1989, DeSorbo and Evers 2007). The delmeaetween backround and moderate groups
is relatively arbitrary. The elevated risk catggof 0.70-0.99 ppm is based on eaglet blood Hg
concentrations in Maine of >0.70 ppm that occuimeaireas where Hg levels exceeded
established adverse effect levels in loons (DeSarubEvers 2007, Evers et al. 2008).
Furthermore, Kenow et al. (2007) measured 0.66 jppolood Hg in 5-week old common loon
chicks dosed with 0.4 ppm Hg, reporting suppressiamtibody-mediated immunity in this
exposure group. Collectively, evidence from lad &eld studies indicates a 0.70 ppm
benchmark for adverse effects on piscivores isoregde. The highly elevated risk category at
31.0 ppm Hg in blood is based on similar studieSlaine. Eaglets in Maine with blood Hg
concentration8 1.0 ppm were often located at sites associatedpuittit sources, highly
sensitive habitats (i.e., fluctuating water levelgiensive wetland habitat), or both. This
characterization is consistent with those indicdtggimilar Hg investigations of common loon
populations in Maine, where reproductive impactgehiaeen documented (Evers et al. 2008).
The highly elevated risk category is used to betégict individuals at the greatest potential risk
to Hg.

Adult Feathers

Adult feather Hg concentrations can be variabletduafluences such as age, sex, molt
(Braune 1987), and other factors (Wolfe et al. J9%&athers are, however, widely used in Hg
monitoring efforts in order to assess cumulativdyblourdens in adults (Burger 1993). Hg

concentration categories for adult feather tissunedyzed in this study were:

Background: <20 ppm
Moderate: 20 — 40 ppm
Elevated: 40 — 60 ppm
Highly elevated: >60 ppm
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In this study eagle feathers <20 ppm Hg were cansitibackground levels based on
Scheuhammer (1991); he suggested that bird poposatith feather Hg levels >20 ppm should
be considered at risk for toxic effects. We usegt to delineate the elevated Hg category
based primarily on lab (Spaulding et al. 2000) field (Evers et al. 2008) studies. Spaulding et
al. (2000) reported 40 ppm in feathers of egred0i® ppm Hg, providing some indication of
how dietary intake in eaglets. Evidence of negatiwpacts on behavior were detected in that
study. Evers et al. (2008) found flight featheradult common loons with Hg burdeh40 ppm
in had lower symmetry in bilateral flight feathefBhe ability of birds to develop symmetric
bilateral characters is considered an indirect oreasf fitness (Clarke 1995). Increased wing
asymmetry has been linked to increased energy eipes (Swaddle 1997) and decreased
survival during extreme climactic events (Brown &rdwn 1998). Further evidence for using
40 ppm as a Hg level of adverse effects existsy\\@¢ch et al. (2006) found that adult eagles
from a contaminated Hg site on Pinchi Lake reguladd >40.0 ppm Hg in feathers, and (2)
Berg et al. (1966) reported 45-65 ppm Hg in feattuéwhite-tailed eagles in Sweden where Hg
compounds were applied directly to the landscapefasgicide. Reproductive impacts were
suggested in that study, however reproductive effiex@y have been attributable to
organochlorine compounds, which were not testdae Highly elevated Hg category is
delineated at 60 ppm to better categorize indivglaagreatest risk of potential Hg impacts.
Feather Hg concentrations >60 ppm are not comnreplgrted in literature except in situations
where populations were exposed to notable anthepodHg influences, such as in James Bay,
Quebec (Osprey; DesGranges et al. 1998) or Swdétkrg et al. 1966, Westermark et al. 1975).
Reproductive effects were not detected in the Das@es et al. (1998) study. Reproductive
impacts due to Hg were not evaluated in the Westderet al. (1975) study.

Fish Sampling and Analysis

Fish Hg data from several recent NYSDEC contaminaomitoring projects on New
York lakes, ponds, and reservoirs were used teaghe relationship between eagle tissue and
local prey based concentrations (Loukmas and Ski2@®5, Loukmas et al. 2006, Simonin et
al. 2008).

NYSDEC and New York City Department of EnvironmérReotection biologists
collected fish from 1998 - 2005 using a varietyrathods including electrofishing, gill netting,
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and angling. Fish were handled according to stahNXSDEC fish collection and handling
procedures (Loukmas and Skinner 2005). This reduieording the date of collection, a unique
identification number, the location including GR®dinates, species, length in millimeters,
weight in grams, and method of collection on stadd@ecimen collection forms. Chain-of-
custody forms were maintained and samples weredagdtand frozen immediately after
handling on the same day of collection.

Fish samples were processed according to staNMBIDEC methods (Loukmas and
Skinner 2005), which included partially thawingtfisemoving scales, and then removing a
skin-on and rib bone-in fillet that extended frame gill cover to the caudal fin (i.e., standard
fillet). The fillet was then homogenized in a foaacessor before being placed in a clean
sample jar. Hg analysis was performed by stati@tNYSDEC Hale Creek Field Station for
samples collected from 1998 - 2000. Cebam Analy{faattle WA) analyzed all subsequent
samples (2001 - 2005). All fish data are preseated ww basis. QA/QC results for fish
samples were previously reported in Loukmas andr&i (2005), Loukmas et al. (2006), and

Simonin et al. (2008). These results were all withcceptable limits.

Standardization of Fish Data

Fish length is positively correlated with Hg contrations (Loukmas and Skinner 2005),
but intraspecific mean fish length varied substdiytamong project waters. In order to
standardize fish Hg levels for individual speciesag waters, linear regressions were
performed using Hg concentrations and fish lengttha dependent and independent variables,
respectively, with subsequent regression-basedgi@ts made for average-sized (i.e, standard
size) fish of selected species. These standardimatllowed for comparisons of individual
species of fish and eagle Hg concentrations amaitgra: Data were excluded for fish species
from several lakes if sample sizes were too sroalf,the data were considered too unusual for

reliable Hg predictions.

Statistical Analysis

Normality of datasets was evaluated using visusgdéation of normal quantile plots,
distributions, and a Shapiro-Wilk W test. Groupame were evaluated using a Student’s t test or

ANOVA as appropriate for normal datasets, and actibn test when data were not normally
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distributed. Linear regression was used in tiszreersions. Pearson or Spearman rank
correlation tests were used to compare relatiosdb@ween variables depending on normality
of datasets.

RESULTS AND DISCUSSION

One hundred and two tissues from nestling and ddldt eagles from New York State
were analyzed for Hg (Table 1). Samples were c@téfrom 58 breeding territories,
comprising 69% of all territories fledging youngt&wide, and 53% of all occupied nesting
territories in 2006 (Nye et al. 2007). Eaglet stdaathers and blood were analyzed in 16
territories in the Delaware / Catskill region whadult feathers were analyzed from 12 territories
in this region. Forty-six percent (47/102) oft@kues analyzed in this study were collected in

the Delaware / Catskill region.

Table 1. Number and type of tissues collected fmo nestling and adult bald eagles in New York Stateverall
(and within the Delaware / Catskill region) analyzd for Hg, 1998-2006"

Tissue Eaglets Adult

no. samples no. territories no. samplesno. territories
Blood 19 (12) 16 (10) 0 -
Breast feather 46 (20) 39 (16) 7 (1) 6 (1)
Shed feather - - 31 (14) 30 (12)
TOTAL: 65 (32) 41 (16) 37 (15) 35 (12)

Breast feather converted to blood 35 (13) 34 (12) - -

& Sample sizes reflect the total number of indigidsamples analyzed statewide. Numbers in pazseshindicate
the number of samples / territories in the DelawaEatskill region as defined in methods and delied in Fig. 1.
Sample sizes in Table 1 will vary from those préséin analyses due to averaging multiple samplegsting
territories. All samples represent those associattidnesting territories. Totals in the territarglumns do not
match tissue subtotals in rows due to cases wheltépfa tissue types were collected in a territapd only
counted once). Last row indicates the number wipdas / territories in which nestling breast featHg values
were used to predict blood Hg values (see methods).

Evaluating Spatial Hg Patterns in New York’s EaglePopulation: Preliminary Findings

The Delaware / Catskill region in southeastern N@sk was the focal area of emphasis
for this study (Fig. 1), and therefore is best espnted in sampling efforts. Samples collected
by NYSDEC in other areas of the state allowed titittonal assessments of Hg in New York

bald eagles elsewhere in New York State. Samjptes svere, however, limited in these other
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regions, and therefore provide only preliminaryuitss Because eaglet blood samples are less
influenced by bird age and chronic Hg body burdsrapared to other tissues such as adult
feathers, eaglet blood is emphasized in the folgvdiscussion of spatial Hg patterns.

Findings of this study support assumptions thatbigcentrations may be higher in
eagles in the Delaware / Catskill region compacechost other regions in the state (Figs. 1, 2).
Eaglet sampling elsewhere in the state, althoughdd, indicates generally low (background)
blood Hg concentrations of < 0.40 ppm in (1) Soa#ité.ake Ontario, (2) Susquehanna, and (3)
Southeast / Croton regions. One or more eagletidamples fell within the moderate (0.40 —
0.69 ppm) range in the Delaware / Catskill, Westédirondacks, and Upper Hudson regions.
Only the Delaware / Catskill region contained aitiery (Neversink Reservoir, nest #15) that fell
into the highly elevated category based on mealeeblpod Hg concentrations. Eaglets from
the Adirondack Mountains region had higher bloodiéigls than those from the St. Lawrence
River area (Fig. 1). Factors including increasidospheric deposition (Miller et al. 2005) and
lower pH of lakes in the Adirondack Mountains ([2o# et al. 2007) likely contribute to this
latter finding. The sample size of adult featheas insufficient to evaluate such geographic

patterns.

Hg Exposure in Eaglets: Delaware / Catskill Regions. Other Regions

The mean blood Hg concentration for eaglets in Newk regions excluding the
Delaware / Catskill region was 0.26 + 0.16 ppm ¢Fig& 2). This mean was significantly
lower than the mean eaglet blood Hg concentratothie Delaware / Catskill Region (0.52
0.25 ppm; n =16) (p =0.0002,t = 4.1, n = 41sFih& 2). Within the Catskill Park boundary,
the mean eaglet blood Hg concentration was 8.6424 ppm (n = 7 territories on Ashokan,
Rondout, Neversink, Mid-Pepacton, and Dunraverf)est sites are responsible for increasing
the mean Hg concentration for eaglets in the Dalaw&atskill region. Conversely, 4 sites on
the Delaware River along the New York / Pennsyladrorder (Hancock #38; Cole Flats #45,
Tusten #20, and Cedar Rapids #109) lowered the ivlead Hg concentration for the overall
Delaware / Catskill region; the mean for thesatties was 0.2& 0.11 ppm. Three out of four
of these Delaware River eagle territories had e¢ddbed Hg concentrations <0.40 ppm, and one
site (#20 Tusten) was at the low end of the 0.8069 ppm range. The variability in Hg
exposure within the Delaware / Catskill region destoates the influence of other factors, such
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as habitat and geographic location on Hg exposubald eagles. Increased sample sizes are
needed to further assess differences among hahintdtsegions, both of which have significantly
influenced Hg exposure in eaglets elsewhere (WEd&4, DeSorbo and Evers 2007). For
example, eaglets at lakes in Maine have higherdthgentrations compared rivers, and Hg
exposure also differed significantly among watedsheFish and birds sampled in reservoirs may
exhibit elevated Hg compared to natural lakes arets (Kamman et al. 2005). All sites within
the Catskill Park boundary were reservoirs. Halaital spatial influences on Hg patterns are due
to both anthropogenic (e.g., proximity to atmosphand point sources, water level
management, and dredging), and natural factors f¢ggdeposits and the ability of certain

habitats to methylate inorganic Hg).

Figure 1. Mercury concentrations in eaglet blood ad adult feathers in 7 regions of New York State.

Figure 1 Caption: Watershed boundaries delindayezblid blue lines. Dotted line delineates thel&twrence
mentioned in discussion. Territories in which Waamples were collected from eaglets noted bykhdats; eaglet
blood Hg concentrations at all remaining territeneedicted from Hg concentrations in breast featfsee text).
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Population Comparisons and Interpretations: Eaglets

Numerous studies have evaluated blood Hg concenmisain similarly aged eaglets in
other regions of North America (Fig. 2). Althouigtling only in the middle of the “moderate”
range, the mean blood Hg concentration in the Daaw Catskill Region (0.52 ppm) was most
similar to studies in which authors considered éigels to be elevated compared to background
levels. The mean eaglet blood Hg concentratiothferemainder of New York State (0.26
ppm) was generally comparable to other inland patpanis in which researchers characterized

Hg exposure and risk as low.

Delaware / Catskill RegianThe mean eaglet blood Hg concentration in thienRare / Catskill
region was notably higher than levels found in papons in South Carolina, Florida, and
Washington State (Fig. 2). While some individugtproached or exceeded levels of concern in
those regions, average Hg concentrations in eagtetsthose states were generally considered
to be lower than those associated with adversetsfie other species (see Fig. 2 for citations).
Blood Hg concentrations for Delaware / Catskillioggeaglets were 18% higher than those
found on Maine rivers (0.44 ppm), and 11% highantlevels in the Columbia River Estuary
(0.47 ppm).

Maine river sampling in particular reflects a widege of Hg concentrations from a
diverse selection of inland sites, including songhly contaminated areas identified as U.S.
Environmental Protection Agency Superfund siteghats of a study in the Columbia River
Estuary considered blood Hg concentrations in ¢éafjlem that region to be elevated, likely due
to the combined influences of point sources, dmeglghnd hydroelectric dam operations in the
region. No evidence of negative reproductive inpaas detected in eagle populations from
Maine rivers or the Columbia River Estuary; howewther studies (DeSorbo and Evers 2007,
Evers et al. 2008) demonstrate that negative rejotoe impacts due to Hg may not be detected
with small sample sizes.

Mean blood Hg concentrations for eaglets in thealdale / Catskill region were 8%
lower than those found on Maine lakes (0.56 ppmq, 0% lower than those found on Pinchi
Lake, B.C (0.57 ppm). Authors of studies in MajpeSorbo and Evers 2007, DeSorbo 2008)

and in Pinchi Lake, B.C. (Weech et al. 2006) comisd these means to be above background
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levels. Significant adverse effects on reprodurctiave been demonstrated in lake-dwelling
eagle and common loon populations in Maine (DeSarimbEvers 2007, Evers et al. 2008). No
evidence of reproductive impacts due to Hg was ddareaglets at the Pinchi Lake, B.C.,
although small territory sample sizes and use oftslerm productivity measures (3 years)
precluded robust statistical analyses).

Blood Hg concentrations in 7-11 week-old eagletsanth-central Oregon (1.2 ppm) are
highly elevated and are higher than levels repdran any other region (Fig. 2) Two factors
influenced eaglet Hg exposure in this populati¢h) cinnabar deposits and increased
bioavailability of Hg from mining activities create“mercuriferous belt” spanning parts of the
western U.S. and Canada (Jonasson and Boyle 19éméler et al. 1989) and, (2) the older
age of eaglets sampled in this region. Slowatgs of feather growth provide fewer excretory
routes for Hg compared to younger nestlings (Feurei al. 2002, Kenow et al. 2003, BRI
unpubl. data). Therefore, it is difficult to compahe Oregon study to others in which eaglets
were sampled at 5-8 weeks of age. The Hg lev®lregon eaglets, however, may best represent

an upper level benchmark for comparison to othetiss.

Other regions in New York excluding the Delawa@atskill region: The mean eaglet
blood Hg concentration from all regions in New Y@&tate excluding the Delaware / Catskill
Region (0.26 ppm) falls within the background catgglelineated in this study; however, this
level is still® 2 times that found in populations in South Carohna euthrophic lakes in Florida.
These concentrations are also 13% higher tharidbat in Washington State, but considerably
lower than levels in several other populations.(B)g Authors of studies in South Carolina and
Florida suggested that while some individuals mayehapproached Hg levels of concern,
overall populations in those regions were not agrgd to be at significant risk to Hg impacts.
Additional sampling will be necessary to more thagbly characterize Hg exposure in eaglets

outside of the Delaware / Catskill region in Newrk.o

2 Wiemeyer et al. (1989) also noted 1.50 ppm in-flesiged eaglets in Montana. Post-fledged eagletsiot used
as comparisons in this study as they are not caabfmto prefledged eaglets due to demonstrateakindles of the
feather molt on circulating blood Hg levels.
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Figure 2. Blood mercury concentrations (ppm, ww) reasured in inland nestling bald eagles in the UniteStates and Canada.

Error bars represent standard deviations and watravailable in six comparison populations. Sansftes represent number of territories. Siblings @peat sampling between years

22

are averaged/nest. Red dashed line at 0.70 ppeoteeblood Hg level considered “elevated” in tldport and other studies (see methods). Regions I&ft to right: South Carolina

inland (Jagoe et al. 2002; range reflects inlarttiraarine nests), Florida eutrophic and mesotrojalkies (Wood et al. 1996); Washington State (Wiemeyal. 1989); NY w/o
Catskills = nests sampled throughout NY state,ushnly those in the Catskills Region. Dotted blue lon NY w/o Del./Catskills (0.36 0.23 ppm; range: 0.05 — 1.0 ppm) represents

pooled mean of ALL sampled NY territories. “Mainears”; freshwater sites only (DeSorbo and Evé87); “Col. Riv. Est.” = Columbia River Estuaryrfthony et al. 1993) a site
associated with extensive Hg point source pollutiguts likely exacerbated by numerous anthropagediivities (e.g., dredging, hydroelectric danBglaware / Catskill region, NY
(this study), dashed green line on this bar repteseean for territories within/near the Catskdtpboundary (0.64 0.24 ppm, n = 7); Pinchi L. (Pinchi Lake, BC, CdaagWeech et
al. 2006; a site associated w/ a Hg mine. Oreydierqeyer et al. 1989; represents unusually elevedggtet blood Hg exposure (see text).
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Excluding sampled territories within the Delawaf@atskill region, none of the NY
territories sampled in the present study exceedeadaverse effect level (0.70 ppm) (Fig. 3).
Of all the territories sampled statewide, 10% hadmblood Hg concentrations above the
adverse effects level Twenty-five percent of the sampled territoriestie Delaware / Catskill
region had mean Hg concentrations above the effieats. Lastly, 43% of territories falling

within or near the Catskill Park boundary had megrconcentrations above the effects level.

New York excluding Del. /
. ) 16%
Catskill region (n = 25)

2%

24% 7%
sampled (n = 41) O Moderate (0.40 - 0.69 ppm)

O Elevated (0.70 - 0.99 ppm)
Delaware / Catskill region_ 38% 19%
(n =16)

| Highly elevated (>/= 1.0 ppn
Catskill Park (n = 7) _ 43% 20%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

]

Figure 3. Proportions of New York bald eagle terribries in which mean eaglet blood Hg concentratiorfell
within 4 ranges of Hg concentrations.

See Fig. 1 and text for delineation of Delawarafskill and other regions. Catskill Park represeetritories
falling inside or near the Caskill Park boundaferritory sample sizes in parentheses.

Population Comparisons and Interpretations: Adult Eagles

Hg concentrations in adult feathers provide a @arsasure of chronic accumulated
body burdens. Analysis of shed and sampled breathtdrs at breeding sites throughout New
York State indicate that Hg is bioaccumulating levated £ 40 ppm) concentrations in some
individuals. The overall mean adult feather Hgamariration from all regions was 3Gt99
ppm (Fig. 4). The mean Hg concentration in redidelult bald eagle feathers was 3#.20
ppm in the Delaware / Catskill region (range: 5.77-9 ppm), and 292 19 ppm (range: 8.9 —

% The number of territories in this group adds tésl(@espite the appearance from the figure thabi¥s} after
considering decimal places not shown in the figargresentation.
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75.6 ppm) in other regions in New York. These meaase not significantly different (p >0.05).
Other studies have demonstrated adult bald eaglkdis are less likely to reflect geographic
differences often detected in blood (DeSorbo anetr&2007, DeSorbo 2008). Hg
concentrations in eagle feathers have high variglilie to factors such as, age, sex, location,
and food predilection. Because of the similanmtyriean Hg concentrations between the
Delaware / Catskill region and other New York sitbe statewide mean (30.9 ppm) will be used
for comparisons to other studies.

Similar to measures in eaglet blood, Hg concemtngtin New York’s adult eagle
population fell in the middle of the “moderate” gan but were higher than several populations
in the southeastern and midwestern U.S. The sidgewean was most comparable to
populations found on Maine rivers, although sevBigl York samples contained higher
concentrations than those found on Maine lakes miban feather Hg concentration for adult
bald eagle feathers in New York State fell betw2@mppm and 40 ppm levels, which have some
references in literature. Scheuhammer (1991) sigddird populations should be considered
for toxic Hg effects from when Hg levels exceed@dopm. Evers et al. (2008) considered 40
ppm an adverse impact threshold (see also reviédlalfe et al. 1998).

Sixty-six percent of territories sampled in New Kdiad adult feather Hg concentrations

20 ppm; a level considered moderate in this stgdy 5). Twenty-six percent of territories
sampled had Hg concentrations in feathers congiddreve Evers et al.’s (2008) adverse effect
level ( 40 ppm).

In the Delaware / Catskill region, 83% of the adidgle feathers exceeded the moderate
level ¢ 20 ppm), while over one-third exceeded adverseeleel at >40 ppm. Sample sizes
limited further delinations of adult feather Hg centrations within the Catskill Park as was

conducted for eaglet blood.
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Figure 4. Mercury concentrations in shed and breasteathers from breeding adult eagles in New York ashcomparison regions throughout the U.S.

Error bars (SD) given when available. All feathenslyzed averaged per territory; sample sizesuianiheses. Lower dotted line at level at whicheBbammer (1991)
suggests toxic investigations on bird populatidmsusd be investigated. Upper dotted line represkaviel at which: (1) Evers et al. (2008) founddevice of links between Hg and
flight feather symmetry in adult common loons, opplation (ME and NH) shown to display reproduciivgacts from Hg, and (2) Spaulding et al. (200&edted negative effects in
egrets dosed with 0.5 ppm Hg. Comparison populatioclude: AK = Alaska (Evans 1993), range: D-RL = Florida (Wood et al. 1996), range: 2.01734All Midwest
comparisons from Bowerman et al. (1994): Lake Eeage: 9-19; Lake Michigan/Huron: range: 7.2 —l4@rior Upper Penninsula, Michigan, range: 0@6+Interior Lower
Penninsula, Michigan, range 6.1-62; Lake Supewisconsin, range, 5.9 — 38. Red line representstdtewide mean (30819 ppm) Maine and New Hampshire samples from
DeSorbo and Evers (2007); Pinchi Lake, BC, range 88 ppm; ME river, range, 1.4 — 46.7, ME lakeg®, 7.5 — 93.5; New Hampshire mean includes catbde collected from a

winter perch and feathers from Umbagog Lake, Squake, and the Connecticut River. One NH samplmftioe Connecticut River (91.54 ppm), introducesificant variability
into the NH mean.
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Figure 5. Proportion of New York bald eagle territaies in which adult feathers fall within 4 ranges é Hg
exposure.

Evaluating Relationships Between Hg Concentrations Eagles and Fish

Data from both fish and eaglet Hg sampling werdyaea for 10 waterbodies in New
York State (Fig. 6). Eaglet blood Hg concentratiasgse correlated with those in standard size
(381 mm) smallmouth bas< & 0.75, p = 0.02, n = 9). However, smallmouthshtdg
concentrations were consistently higher comparetdse found in eaglet blood from the same
waterbodies (Fig. 6). Results, although limitddpauggest a possible relationship between Hg
concentrations in eaglet blood and standard sizleyea(508 mm,7= 0.95, p = 0.05, n = 4),
and brown trout (483 mm? £ 0.48, p = 0.19, n = 5; Fig. 6). Smallmouth bidgsconcentrations
were highly correlated with those in brown trodt£r0.91, p = 0.03, n = 5) and walleyé £
0.99, p = 0.0001, n = 4). Hg concentrations insrdrout were generally within 0.3 — 0.5 ppm
to those found in eaglet blood at the 5 sites irclwboth species were represented. No
relationship was evident between Hg concentratioesglet blood and standard size (254 mm)
yellow perch. Mean predicted yellow perch Hg cortiions were lower in four (57%), and
higher in three (43%) than eaglet blood Hg conegiatins in reservoirs where both were
represented. No relationships were evident betweéber eaglet or adult feather Hg
concentrations and those measured in fish (noepted). Eaglet breast feathers had higher Hg
concentrations than all fish and eaglet blood sempy an order of magnitude, a commonly
reported pattern (Welch 1993, DesGranges et aB)f99

* Note that eaglet breast feather Hg concentratioppm were divided by a factor of 10 (parts ped,000) to
evaluate relationships and for figure scaling pegso Eaglet breast feathers ranged from 9.7 fpb(fw) at
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Bald eagles are one of the most common speciestasednitor contaminants in aquatic
ecosystems (Anthony et al. 1993, Bowerman et &22DeSorbo and Evers 2007); however,
this study is the first to evaluate the relatiopghetween fish and bald eagle Hg concentrations
in the northeastern U.S. Other studies have reldtgkvels in foodweb components to
piscivorous raptors. DesGranges et al. (1998)daustrong relationship®(s 0.67, p<0.01)
between Hg in nestling osprey blood and conceninatpredicted in fish. Wood et al. (1996)
developed a trophic state index based on eaglerpnegins in Florida, and reported a significant
correlation between the index and eaglet blood Signilar to our study, neither DesGranges et
al. (1998) nor Wood et al. (1996) detected relaimps between concentrations of Hg in prey
and those found in feathers. Higher Hg conceminatin both nestling and adult eagle feathers
compared to eagle blood and fish exemplifies thprexcretory route for Hg provided by
growing feathers in developing or molting birds (Fader et al 2002). At many sites, eaglet
blood Hg concentrations will increase dramaticaftgr the development of body and flight
feathers has been completed (approximately 13 wafekge, post fledging; Bortolotti 1984,
Buehler 2000). Blood, which reflects recent expeda Hg through the diet, appears to be the
most appropriate tissue for use in comparing Hgeotrations in eagles and fish.

Eagles are known for their opportunistic dietarpite and will often respond to seasonal
changes in food abundance, such as spawning witkeisin the spring and early summer, or
availability of carrion (Buehler 2000). Such hahbight result in poor or unexpected
relationships between Hg concentrations in eagiéis and fish at some sites as some food
items (i.e., low trophic level fish, terrestrialdeal prey items) may be consumed which are poor
indicators of Hg in freshwater systems. Variatioeagle and fish Hg concentration
relationships among locations is likely a reflentwf a variety of factors, including: (1)
differential dietary habits of bald eagles, inchglthe opportunistic use of terrestrial food
sources, (2) the use of foraging areas outsidéghesampling waterbody, and (3) the selection

of fish species not represented in our dataset.

these sites, and were higher than any fish sampféggher Hg concentrations in blood (which closedflects prey)
compared to feathers is commonly reported (e.glchiVEQ94, DesGranges et al. 1998).
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Figure 6. Mercury concentrations in bald eagles anfish sampled at 10 New York Waterbodies.

** Note eaglet breast feather Hg concentrationspaesented for this figure in parts per 100,000sf@ling purposes. Length (mm) in parenthesesatels mean
fish length used (mean fish length for individuaésies over the entire dataset) to standardizédigith and Hg concentrations across lakes to dtownterlake

comparisons. All sites considered reservoirs tithexception of Canadarago Lake. BNT = brownttrguP = yellow perch, SMB = smallmouth bass, andlW
= Walleye
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CONCLUSIONS AND RECCOMENDATIONS

Findings from this study indicate that a portiortted adult and nestling bald eagle
population in New York State is accumulating Hdeeels associated with concerns, particularly
within the Delaware / Catskill region. Elevated etincentrations in eagle populations in the
Delaware / Catskill region are likely influenced ltugher rates of atmospheric deposition within
this area, exacerbated by reservoir effects (matiloyl), such as fluctuating water levels some
sites. Estimated Hg deposition (wet and dry) heenlfound to be particularly elevated in the
Delaware / Catskill region (Miller et al. 2005).n€e atmospheric Hg is deposited on the
landscape, the extent of biomagnification depemdsuzh factors as water chemistry, food chain
length, and habitat characteristics associated Mgtimethylation. This study also documented a
relationship between Hg concentrations in eagl@bdbland smallmouth bass; however,
relationships were weak or not evident for othgleéissue types and fish species.
Recommendations for further study include:

1. Further evaluation of potential negative Hg ictpaon New York’s eagle population by
comparing tissue Hg concentrations (especiallydla®o productivity at statewide scales.
Reproductive impacts due to Hg have been demoedtmatMaine warrant similar
investigations in New York State. Some sites invN&ork State such as Schoharie
Reservoir exhibiting generally low productivity leagontained elevated Hg
concentrations in inviable eggs (P. Nye, NYSDE(yubi. data).

2. The effects of Hg are often confounded by otbeic compounds, such as DDE and
PCBs (Wiemeyer et al. 1984, 1993, Bowerman etG)22 Eagles in New York State
are exposed to multiple contaminants, includingesgvorganic compounds (P. Nye,
unpubl. data). Increased concern is being raiseeintly about the concentrations and
effects of many flame retardants (i.e., PBDEshménvironment, particularly in high
trophic level wildlife. Impact thresholds for tleesompounds are poorly understood.
PBDEs have been measured in bald eagle eggs ireNl@modale 2007, USFWS
unpublished data) and eagle nestling blood plasnvdisconsin (Dykstra et al. 2005).
Recent sampling of eagle nestlings in Wisconsirgssftotal PBDE levels in nestling
plasma have doubled since Dykstra et al's (20Q&)ys(B. Route, NPS, pers. com.).
Further investigations to document baseline exgowels of PDBDE to and establish
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impact thresholds for many such compounds are remnded. Evaluations of these
compounds may be necessary in order to fully decifite impacts of Hg on bald eagle

populations in New York.

3. Additional eaglet and adult sampling to incretienumber of territories represented in
differing habitat types and regions. This willoall for greater interpretation of
preliminary Hg patterns observed in this study.

4. Continued collection of samples from adults athbbreeding and winter seasons. While
eaglets and shed feathers are reliable indicatdtigy @xposure in territorial eagles,
samples gathered directly from captured adults vpubvide the best insight into Hg

exposure.

5. Further evaluation of fish/eagle Hg relationshiy: (i) increasing the sample size of sites
in which both eagles and fish are sampled, (ii)aexjing the number of fish species
represented at lakes, and (iii) investigation a&fesain which Hg concentrations do not
correspond with fish Hg concentrations by identifyforaging areas, prey selected and
guantifying eagle diet at sites using a combinatibtechniques (direct or video

observation (i.e., Gill and Elliott 2003), stald®tiope analysis, analysis of prey remains.

6. Findings from this study should be merged watlgér more comprehensive Hg datasets
(i.e., songbirds, invertebrates, other raptorsy&aad Clair 2005, Evers and Duron
2006) being collected within the state to improldiees to monitor spatial and temporal
Hg patterns from local to national scales. Davanfthis study should be incorporated
into broader programs such as the National Merbogitoring Network. (Wolfe et al.
2007).
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