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Evaluating exposure patterns and impacts of methylmercury on 
freshwater-feeding Bald Eagles in Maine, USA.

Abstract

We present preliminary findings from years one and two of a 
three-year (2004-2006) effort to evaluate spatial and temporal 
patterns of Hg exposure in Bald Eagle (Haliaeetus leucocephalus) 
nestlings and adults in Maine as well as to assess Hg impacts on
long-term productivity.  

Nestling blood displayed a significant negative correlation to 
productivity (3, 5, and 10-year).  Nestling blood and adult feathers 
both reflected higher mercury exposure in lacustrine habitats than 
riverine sites.  Statewide spatial patterns indicated that mercury 
exposure was highly variable with distinct “biological hotspots,” 
many of which were in agreement with other species sampled 
within the same area (e.g., Common LoonsGavia immer, and 
yellow perch,Perca flavescens).  Preliminary comparisons to 
previous sampling efforts in 1991-1992 indicate no significant 
change in methlymercury availability as indicated by eagle 
nestlings in lacustrine habitats; riverine sites may indicate a stable 
or potentially increasing trend compared to those over a decade 
ago.  Shed adult feathers (primarily flight feathers) ranged from <1 
ppm to 93.5 ppm (fw) with a significant portion exceeding levels
reported in other populations.  Other contaminants (i.e., OCs, 
PCBs) are also being analyzed in eagle blood and eggs for this 
population.  Findings suggest that a portion of Maine’s freshwater-
feeding Bald Eagle population is exposed to high levels of 
methylmercury, which may be limiting the recovery of this 
breeding population.

Introduction

� Fish and wildlife in Maine have been shown to contain elevated 
levels of mercury (Hg) in comparison to many regions throughout 
the U.S. (Ecotoxicology vol.. 14: 2005).  
� Elevated Hg levels are associated with negative impacts on 
behavior (e.g., Spaulding et al. 2000) and reproductive success 
(Burgess et al. 1998, Schwarzbach et al. 2006) in wildlife.
� Mercury occurs in Maine from a combination of natural 
deposits, point-source discharges, and atmospheric deposition 
associated with local, regional and Midwestern incinerators, and
power utilities. 
� Long-lived, high trophic-level species such as Bald Eagles are 
especially at risk to negative impacts from contaminants – such 
species are thus valuable bioindicators of Hg in aquatic systems. 
� Elevated Hg levels in the Eagle prey base and pending delisting 
from the Endangered Species List warrant further investigation 
into Hg impacts and exposure in this species.

Methods

� Sampled blood from 4.5 - 8 week-old Bald Eagle nestlings in 
freshwater habitats throughout Maine during 2004-2006.

� Obtained nest occupancy and productivity information (chicks 
fledged/occupied nest) using aerial surveys. 

� Sampling priorities: (a) revisit nests sampled during 1991-1992, 
breeding seasons (Welch 1996), and (b) maximize sample sizes 
representing Maine watersheds/subdrainages.

� Collect shed adult feathers opportunistically at sampling sites and 
gain insights on adult Hg exposure. 

� Sample Analysis:  Eaglet blood Hg (ppm, ww) and adult feather 
Hg (ppm, fw) analyzed using DMA (Direct Hg Analysis).  Total 
Hg analyzed in all samples.

� Impacts on Productivity:  Analyze relationships between (a) 
nestling blood Hg exposure and (b) adult feather Hg exposure 
concentrations vs. 3, 5, and 10-year productivity (chicks 
fleged/occupied nest) using Spearman Rank correlation.  Blood 
Hg also indexed by bird age and weight to account for age 
differences.  Siblings averaged within nests for analyses.

� Spatial Hg Patterns:  Compare mean Hg levels in tissues among 
Maine watersheds (n = 10) and select subdrainages.

� Temporal Hg Patterns:  Compare mean eaglet blood Hg levels 
between 1991-1992 (Welch 1994) and 2004-2006 periods.

Preliminary Results & Discussion

Nestling Eagle Hg Exposure – blood
� Maine Bald Eagles are exposed to elevated levels of methylmercury via 

riverine/lacustrine foodwebs.
� Blood mercury exposure levels (ppm, ww) for Maine eaglets ranged

0.08 – 1.27 (mean = 0.59 ± 0.23 lacustrine; 0.42 ± 0.17 riverine).
� Mean eaglet blood Hg was significantly higher in lacustrine vs. riverine 

habitats (p < 0.05)    
� 25% sampled nestlings w/ blood Hg > 0.70 ppm;  9% > 1.0 ppm.
� Comparisons:Mean blood Hg exposure levels of Maine eaglets is 

higher than many comparisons; Maine eaglets are most comparable to 
eagle populations associated with significant point source pollution 
problems (e.g., Hg mines, dredging).

Adult Eagle Hg Exposure – feathers
� Exposure levels in Maine’s adult Bald Eagles (as indicated by shed adult 

feathers) ranged 0.94 – 93.5 (ppm fw) (mean ± SD): lacustrine = 42.6 ±
21.5 (n = 51); riverine  = 27.7 ± 12.3 (n = 18).   

� 55% of shed feathers were > 40 ppm; and 21% were > 60 ppm.
� Comparisons:Adult Hg exposure is elevated in comparison to most 

comparison populations in the U.S. (Figure 1). Mean Hg 
concentrations in Maine adult eagle feathers are most comparable to 
levels found at Pinchi Lake, BC (Weech 2006), a site associated with a 
Hg mine. 

Evaluating Hg Impacts on Productivity 
� Several nestling blood Hgmeasures Hg [ww], Hg/age, Hg/weight

indicated significant negative correlations with 3, 5, and 10-year 
productivity; most notably:
Hg ww  vs.  5-year prod: r = - 0.23 (p = 0.020)   [lakes/rivers pooled]
Hg/age  vs. 5-year prod:  r = - 0.37 (p = 0.0001) [ “   ”; Figure 2]
Hg/age  vs. 5-year prod:  r = - 0.35 (p = 0.001) [     lakes only    ]

� No significant relationships evident between adult feather Hg
concentrations vs. 3-year, 5-year, 10-year productivity (r = 0.03, 
p>0.05, r = 0.028, p>0.05; r = 0.07, p>0.05).

Temporal & Spatial Hg patterns 
� Recent (2001-2005 ) Hg bioavailability indicated by Bald Eagle nestlings 

in freshwater Maine habitats is similar to levels reported up to 14 years 
ago (1991-1992; Welch 1994) (Figure 3, below) in both lacustrine and 
riverine habitats; sample sizes preclude powerful analyses.

� Spatial patterns:  Findings indicated significant differences in eaglet 
blood Hg exposure in lacustrine habitats among watersheds (Figure 4; 
Wilcoxon test, p = 0.03, n = 81) and Hg “hotspots” consistent with 
other wildlife (common loons, gavia immer, yellow perch, Perca 
flavescens) in Maine.

Summary

� Maine Bald Eagles are exposed to elevated levels of methylmercury via 
riverine and especially lacustrine foodwebs.

� Significant proportions of eaglet blood samples and shed adult feathers 
contained Hg concentrations at levels of concern.

� Impacts: Adverse impact thresholds for eagle blood/feathers are not yet 
established – significant negative correlations between eaglet blood Hg 
concentrations and productivity in this study are suggestive that Maine’s 
eagle population may be within the range of reproductive impacts.  

� Biologists should be concerned about very high Hg exposure noted in adult 
feathers.  Nestling blood HG levels will likely increase dramatically after 
completion of the feather molt (post-fledge), placing them at increased risk.

� Exposure of this population to PCBs and DDE are being evaluated to assess 
if it confounds observed Hg-productivity relationships.  Welch (1994) 
reported generally low PCB & DDE exposure on inland Maine lakes.

� Temporal trends:No decline in Hg bioavailability to eaglets is evident over 
a 14-year interval in lacustrine or riverine habitats. 

� Spatial patterns:  Eaglet sampling indicated distinct Hg “hotspots” 
throughout Maine.  The Saint Croix, Downeast, and Penobscot River basin 
watersheds appear to have higher Hg exposure in lakes than comparisons.

� Increasing population statistics for Maine’s eagle population should not 
negate attention to generally lower population productivity exhibited by this 
population and potential Hg impacts suggested by findings in this study.

Acknowledgements
Funding for this work is supported by collaborators as well as the Maine Dept. of Environmental 
Protection.  Thanks to numerous organizations and agencies supporting field efforts, especially biologists 
from the Maine Dept. Inland Fisheries & Wildlife, Maine Warden Service, The Penobscot Indian Nation 
Tribe, Passamaquoddy Tribe, and numerous biologists from BioDiversity Research Institute (BRI).  
Christian Martin (NH Audubon) and Mike Amaral (USFWS) coordinated NH sampling.  Christian Niven 
(BRI), Kyle Murphy (FPL Energy Maine Hydro), Theresa Daigle (BRI), and David Yates (BRI) aided 
substantially in field efforts; Wing Goodale (BRI) and Amy Meehan (Maine IF&W) for GIS guidance and 
assistance, and all the private landowners that allowed us to access nest trees on their land.

Figure 2. Correlation between an index of eaglet mercury exposure (Hg/age) and 5-year territory 
productivity (chicks fledged/occupied territory). Red (dots) = lacustrine, green (+’s) = riverine 
samples. Spearman’s Rho = -0.37,  p<0.0001; 0.95 density ellipse, n=103.

Figure 1. Concentrations of Hg (ppm, fw) in adult Bald Eagle feathers (mostly flight, tail) collected in 
the United States. Error bars (SD) given when available.  Sample sizes below study area names. Upper 
dotted red line represents level at which Spaulding et al. (2000) found some effects from feeding egrets 
fish dosed with 0.5 ppm Hg.  Lower dotted red line represents level at which Scheuhammer (1991) 
suggested that toxic effects should be considered.  Comparison population data from: Evans (1993), 
Wood et al. (1996), and Bowerman et al. 1994.  ME –lacustrine, river, and NH = this study.

Figure 3.

Mercury exposure for eagle 
nestlings sampled in riverine 
and lacustrine habitats, 1991, 
1992, and 2001-2005. Mean 
mercury exposure (ppm, ww) 
± SD (error bars) presented.  
Sample sizes in legend 
correspond to sample sizes 
within riverine, and 
lacustrine habitats, 
respectively.  Findings 
presented from Welch (1994) 
(Welch 1991 and 1992) and 
this study (2001-2005). 

Figure 4. Nestling Bald Eagle blood mercury within ten Maine watersheds. Names straddling 
watershed boundary lines in include both subregions (e.g., St. John constitutes all of northern 
Maine.)  Eaglet blood Hg levels varied among watersheds (Wilcoxon test, p = 0.03, n = 81).

Purpose of Study

1. Evaluate Hg exposure in Maine’s nestling and adult Bald Eagle 
population. 

2. Determine if Hg exposure may be limiting population recovery.
3. Assess changes in Hg bioavailability between 1991-1992 and 

2004-2006 periods using nestling eagle blood Hg.
4. Compare Hg bioavailabiliy among Maine watersheds and 

subdrainages to identify hydrological units of greatest concern.


