
j Raptor Res. 37(3):209-218 
¸ 2003 The Raptor Research Foundation, Inc. 

REPRODUCTIVE SUCCESS, ENVIRONMENTAL CONTAMINANTS, 
AND TROPHIC STATUS OF NESTING BALD EAGLES IN EASTERN 

NEWFOUNDLAND, CANADA 

LAURA DOMINGUEZ AND WILLIAM A. MONTEVECCHI 

Biop3•ychology Programme, Memorial University of Newfoundland, St. John •3 Newfi)undland A1B 3X9 Canada 

NEIL M. BURGESS 1 

Canadian Wildlife Service, Environment Canada, 6 Bruce Street, Mount Pearl, Newfoundland A1N 4T3 Canada 

JOE BRAZIL 
Inland Fish & Wildlife Division, Department of Tourism, Culture and Rexreation, P.O. Box 2007, 

Corner Brook, Newfoundland A2H 7S1 Canada 

KEITH A. HOBSON 

Canadian Wildlife Service, Environment Canada, 115 Perimeter Rd., Saskatoon, Saskatchewan S7N OX4 Canada 

AgsTP,•XCT.--Eastern Newfoundland contains a large breeding population of Bald Eagles (Haliaeetus leu- 
cocephalus). Our objectives were to determine the reproductive success, contaminant levels, and trophic 
status of Bald Eagles in eastern Newfoundland, and to compare contaminant levels of eagles in indus- 
trialized and nonindustrialized coastal bays (Placentia and Bonavista bays, respectively). Bald Eagle 
breeding density in eastern Newfoundland was 0.09 occupied nests/km shoreline, and reproductive 
success suggested a healthy population (1.1 young/occupied nest). Geometric mean concentrations of 
PCBs and DDE in nestling plasma were significantly higher in Placentia Bay (PCBs = 30.0 ng/g [wet 
wt]; DDE = 9.0 ng/g) than in Bonavista Bay (PCBs = 10.0 ng/g; DDE = 2.0 ng/g). Within Placentia 
Bay, concentrations of PCBs and DDE in nestlings were negatively related to the nest distance from the 
former U.S. naval base at Argentia. Geometric mean concentration of mercury in whole blood of eagle 
nestlings was 87 ng/g (wet wt). Analysis of prey remains collected at nests and of stable-carbon (13C/ 
12C) and nitrogen (•SN/•4N) isotope ratios in nestling blood indicated some differences between nests 
in tbod sources, but not in relative trophic level. Prey remains collected at 30 Bald Eagle nests were 
composed of 64% birds, 29% fish, and 7% mammals. Contaminant burdens in Bald Eagles in eastern 
Newfoundland were lower than those in populations from more industrialized areas of North America 
and were below thresholds for reproductive impairment. These results provide an essential baseline for 
Ihture monitoring of the eagle population as industrial development increases in Placentia Bay. 

KEY WORDS: Bald Eagl65 Haliaeetus leucocephalus; contaminants; diet; .stable isotopes; Newfoundland; pro- 
ductivity. 

EXITO REPRODUCTOR, CONTAMINANTES AMBIENTALES, Y ESTATUS TROFICO DE XGUILAS 
CALVAS EN NIDIFICANTES EN EL ESTE DE TERRANOVA (NEWFOUNDLAND), (2ANAD• 

RESUMEN.--EI este de Terranova alberga una gran poblaci6n residente grande de •guilas Calvas (Ha- 
liaeetus leucocephalus). Los objetivos de la investigaci6n fueron: determinar el axito reproductor, los ni- 
veles de contaminaci6n, y el estatus tr6fico de las f•guilas Calvas en el este Terranova y comparar los 
niveles de contaminaci6n de las figuilas de bahias costeras industrializadas y no industrializadas (Bahias 
de Placentia y de Bonavista, respectivamente). La densidad del Xguila Calva en reproducci6n en Terra- 
nova oriental f•e de 0.09 nidos ocupados/km de costa y el axito reproductor result6 ser el de una 
poblaci6n sana (1.1 juvenil/nido ocupado). La media geom•trica de las concentraciones de PCBs y 
DDE en plasma de polluelos fue significativamenta mils alta en la Bahia de Placentia (PCB = 30.0 ng/ 
g [peso fresco]; DDE = 9.0 ng/g) queen la Bahia de Bonavista (PCB = 10.0 ng/g; DDE = 2.0 ng/g). 

1 Corresponding author's e-mail address: neil.burgess@ec.gc.ca 
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En la Bahia de Placentia, se observ6 una relaci6n inversa entre las concentraciones de PCBs y DDE en 
polluelos y las distancias desde los nidos a la antigua base naval de los EE.UU. en Argentia. La media 
geom6trica de la concentraci6n de ruercurio en la sangre de poiludos rue de 87 ng/g (peso fresco). 
E1 anitlisis de restos de presas recolectadas en los nidos y las proporciones de los is6topos de carbono 
(•3C/•sC) y nitr6geno (•SN/14N) en sangre de polluelos, indicaron algunas diferencias entre las fuentes 
de alimento de los nidos, pero no en el nivel tr6fico relativo. Los restos de presas recogidos en 30 nidos 
de •guila Calva estuvieron compuestos por aves (64%), peces (29%) y manfiferos (7%). Los niveles de 
contaminaci6n en las •guilas Calvas del este de Terranova fueron mits bajos queen las de poblaciones 
de itreas mits industrializadas de Norteamfrica y se encontraron por debajo del umbral a partir del cual 
afkctan a la reproducci6n. Estos resultados proporcionan una base esencial para el futuro seguimiento 
de la poblaci6n de itguilas, a reedida que aumente el desarrollo industrial en la Bahia de Placentia. 

[Traducci6n de C6sar Mitrquezs, Laura Dominguez y Rafael Mateo] 

Bald Eagle (Haliaeetus leucocephalus) populations 
were affected seriously throughout North America 
from the 1950s-1970s by the widespread use of or- 
ganochlorine pesticides (OCs) such as DDT (Grief 
1982, Colborn 1991). Although many breeding 
populations began recovering in the 1980s-1990s 
(Grief 1982, Wiemeyer et al. 1993, Bowerman et 
al. 1995), contaminants still appear to be a limiting 
factor in the reproductive success of several North 
American populations (Anthony et al. 1993, 1999, 
Welch 1994, Bowerman et al. 1995). 

One of the densest breeding concentrations of 
Bald Eagles in eastern North America is in Placen- 
tia Bay, Newfoundland (Dominguez 1999). Placen- 
tia Bay is also home to several industrial sources of 
chronic pollution. OC, polychlorinated biphenyl 
(PCB), and metal pollution was found at the for'- 
mer U.S. naval base in Argentia, which closed in 
1994 (JWEL 1996). Fluoride and phosphorus pol- 
lution was caused by the phosphorus plant in Long 
Harbour (Osbourne 1978), which closed in 1989. 
Other industrial developments in the bay include 
an oil refinery at Come-By-Chance, a crude oil 
storage facility at Whiffen Head, a shipyard at 
Marystown, and associated heavy shipping traffic. 
Chronic oil pollution in Placentia Bay has been 
documented by the high incidence of oiled sea- 
birds regularly washing up along its shores (Mon- 
tevecchi and Tuck 1987, Lock et al. 1994, Wiese 

and Ryan 2003). Contaminants transported atmo- 
spherically or through ocean currents are other 
possible sources of chronic pollution (Furness 
1993, Anthony et al. 1999). A recent study con- 
firmed that PCBs and metals from the former U.S. 

naval base at Argentia are bioaccumulating in the 
local marine food web (JWEL 1996). However', 
there has been no monitoring of contaminant ac- 
cumulation in top predators, such as Bald Eagles, 
that are sensitive to the presence of toxic chemicals 

that biomagnify up food chains (Howells et al. 
1990). 

This study was undertaken to assess the repro- 
ductive success, contaminant exposure, and tro- 
phic status of nesting Bald Eagles prior to further 
industrial development in Placentia Bay. For com- 
parison, we measured the same parameters in a 
breeding population of Bald Eagles 80 km to the 
north in Bonavista Bay, which has had no major 
industrial development. 

We hypothesized that concentrations of PCBs 
and DDE would be higher in eagle nestlings in Pla- 
centia Bay than in Bonavista Bay, and higher in 
eagle nestlings located closer to the former naval 
base than in those further away along Placentia 
Bay. Contaminant concentrations were measured 
in Bald Eagle nestlings because they are good 
bioindicators for assessing local contamination 
over a relatively short period (Welch 1994), and 
they have been used widely in contaminant moni- 
toring studies across Canada and the United States 
(Anthony et al. 1993, Bowerman et al. 1995, Elliott 
and Norstrom 1998, Kumar et al. 2002). The tro- 
phic status of nesting Bald Eagles was compared by 
studying the composition of prey remains at nests 
and by analyzing stable-carbon and nitrogen iso- 
tope ratios in nestling blood samples (Hobson and 
Montevecchi 1991, Hobson et al. 1994). 

METI IODS 

Placentia Bay, located on the southeastern coast of 
Newfoundland (Fig. 1), is one of the richest fishing areas 
in Newfoundland waters, and has important seabird col- 
onies, wintering and staging grounds fbr millions of sea- 
birds and seaducks, breeding and wintering grounds for 
Bald Eagles, and fkeding areas fbr several species of ma- 
rine mammals (LEM1, and OL 1984, Montevecchi and 
Tuck 1987, Cairns et al. 1989). Bonavista Bay, located on 
the northeast coast of Newfoundland (Fig. 1), is also rich 
in fish, seabird, seaduck, eagle, and marine mammal pop- 
ulations (Deichmann and Bradshaw 1984). The study 
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Figure 1. Location of Bald Eagle study areas in eastern Newfbundland, 1996-97. 

area in Bonavista Bay was located within the boundaries 
of Terra Nova National Park (TNNP). 

Reproductive Surveys. We studied Bald Eagle breeding 
density, nest success, and productivity in Placentia Bay in 
1996 and 1997 and in Bonavista Bay in 1997. Definitions 
of these terms and others used to describe reproductive 
parameters follow those of Postupalsky (1974) and Kozie 
and Anderson (1991). We conducted a minimum of two 
surveys per breeding season along the coastline by air- 
craft or boat, extending 50-200 m inland from the shore- 
hne, depending on topography. Boat surveys were con- 
ducted by cruising at 20-50 m fi-om shore, in a 6-m 
fiberglass boat at a speed of 10-20 km/hr. Boat surveys 
•n late April-early May assessed breeding population size 
and nest occupancy. Total shoreline surveyed was mea- 
sured with MapInfo (MapInfo Corp., Troy, NY) to cal- 
culate breeding density (number of occupied nests per 
kilometer of shoreline). Aerial surveys were conducted 
by helicopter (Bell 206) in Placentia Bay and by fixed- 
wing aircraft (Twin Otter) in Bonavista Bay, with cruising 
speeds of 120-140 km/h and flying altitudes of 50-100 
m above tree line. Aerial survey schedules and method- 
ology followed standard methods (Postupalsky 1974, 
Grief 1982, Fraser et al. 1983). Aerial surveys in early 
June assessed clutch/brood size and chick development, 
and nest visits in late June-early July assessed nest success 
and productivity. Nest visits involved climbing into the 

nests to collect blood samples from the chicks for con- 
taminant analyses. 

Contaminant Analyses. Blood samples from one nes- 
tling per nest (Welch 1994) were collected in late June 
and early July in 1996 and 1997 in Placentia Bay and •n 
1997 in Bonavista Bay. Approximately 12-15 ml of blood 
was drawn from the left brachial vein directly into hepa- 
rinized vacuum tubes when eaglets were 6-8 wk old. 
From each sample, 4-6 ml of whole blood were frozen 
in nitric-acid-rinsed cryovials for mercury analysis. The 
remaining blood was centrifuged and 3-6 ml of plasma 
were tkozen in acetone-hexane-rinsed glass vials for OG 
analyses. Samples were stored at -20øG until analyzed. 
Further details on blood collection and processing are 
provided by Dominguez (1999). 

Plasma and whole blood samples were sent to the Ca- 
nadian Wildlife Service National Wildlife Research Cen- 

ter (NWRG) in Hull, Quebec, for OG and mercury anal- 
yses. Measurement of 21 OG pesticides and metabolites 
and 42 PGB congeners in plasma was conducted by gas- 
chromatography mass spectrometry (Hewlett Packard 
model 5890 gas chromatograph, coupled to a Hewlett 
Packard model 5971 Ni 6s electron capture detector, Palo 
Alto, CA). Methods follow those of Norstrom and Won 
(1985). Recoveries of internal standards ranged fi'om 74- 
104%. Detection limits were 0.1 ng/g wet weight (wet wt) 
tbr both OCs and PGBs. Plasma lipids were measured by 
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Table 1. 

1996-97. 
Reproductive success of Bald Eagle breeding pairs in Placentia and Bonavista Bays, Newfoundland, 

No. OCCU- 

LOCATION YEAR PIED NESTS 

NO. SUCCESS- Nt•ST SUCCESS NO. YOUNG/ NO. YOUNG/ 

FUL NESTS (%) OCC, UPIFD NEST SUCCESSFUL NEST 

Placenta Bay 1996 gl 25 81 1.3 1.6 
Placenta Bay 1997 27 18 67 0.9 1.4 
Bonavista Bay 1997 12 10 83 0.9 1.1 

sulpho-phospho-vanillin reaction (Frings et al. 1972). To- 
tal mercury in blood was analyzed by cold-vapor atomic- 
absorption spectrophotometry (Perkin-Ehner 3030-AAS 
equipped with Varian VGA-76 hydride generator, Shel- 
ton, CT; Scheuhammer and Bond 1991, Neugebauer et 
al 2000). National Research Council of Canada DOLT-2 
and DORM-2 were used as standard reference materials 

to ensure the accuracy of the mercury results. Two blanks 
were included in each set of digestions. All blood samples 
were analyzed in duplicate. Recoveries of reference ma- 
terials were within the certified range. The detection lim- 
it for mercury was 40 ng/g (wet wt). Field procedural 
blanks were included in all chemical analyses. All contam- 
•nant concentrations are presented in ng/g (wet wt). 

Trophic Analyses. Prey remains and a sample of fine 
nest material (to check for fish scales and other small 
remains) were collected from each nest bowl and the 
nest-site area, and were classified as fish, bird, or mam- 
•nal. Composition of prey remains is expressed as percent 
occurrence of minimum number of individuals tbr each 

of the three prey classes (Todd et al. 1982, 14afight et al. 
1990). Regurgitated pellets below nests could not be re- 
tneved because most nests were located on clitt• over- 

hanging the sea. Stable nitrogen isotope ratios (I'SN/•4N) 
were used to compare the dietary trophic level of' Bald 
Eagles between and within study areas (Hobson et al. 
1994), and to investigate relationships between contami- 
nant concentrations and trophic level (Braune et al. 
2002). Stable carbon isotope ratios (l:•C/mC) were used 
to investigate food sources (i.e., freshwater vs. marine, 
benthie vs. pelagic marine food chains; Hobson et al. 
1994). Dried blood samples were loaded into tin cups 
and cornbusted at 1850øC in a Robo-Prep elemental an- 
alyzer (Europa Ltd., Crewe, England) interfaced with a 
Europa 20:20 continuous-flow isotope-ratio mass spec- 
trometer (Hobson et al. 1999). Two standards (egg al- 
bumin) were measured in sequence for every five un- 
knowns. Analytical error is estimated to be -+0.3%0 for 
•SN and -+0.1%0 for •:•C analyses. Stable isotope ratios in 
blood samples are reported in delta notation as parts 
per thousand according to the following: 8X (%0) = 
[(R•,,,½•,,/R•.•,•,•) - 1] X 1000 where Xis l:'N or mC and 
R •s the corresponding ratio I•N/•4N or •'•C/•')C. R,/•,,•,a•,.• 
for i:'N and lsC are atmospheric N• (AiR) and the PDB 
standard, respectively. 

Statistical Analyses. Contaminant data were log10-trans- 
formed to achieve a normal distribution, and geometric 
means were calculated. Contaminant data were not lipid- 
normalizcd for statistical analyses because there were no 
correlations between plasma lipid concentrations and 
log-transformed concentrations of contaminauts (e.g., r 

= 0.07, 0.2, and 0.2 for DDE, PCB, and mercuo; respec- 
tively). When samples had contaminant concentrations 
below the analytical detection limit, and 50% or more of 
the samples had values above detection limits, a value of 
one-half the detection limit was assigned (Anthony et al 
1999). 

One-way analysis of variance (ANOVA) was used to test 
differences in the mean contaminant concentrations be- 

tween years in Placentia Bay, and between Placentia and 
Bonavista Bays. Within Placentia Bay, relationships be- 
tween contaminant concentrations in nestling tissues and 
nest distance (kin) to the former U.S. naval base were 
assessed using linear regression. Differences in composi- 
tion of prey remains between years in Placentia Bay and 
between study areas were tested with a chi-square test of 
independence and Fisher's exact test, respectively. Dif- 
ferences in the means of 8•5N and 8•:•C values between 

study areas were tested with a one-way ANOVA. Linear 
regression was used to assess relationships between con- 
taminant concentrations and isotopic ratios. Multiple re- 
gression analysis was used to assess the relative strength 
of associations between contaminant concentrations, nest 
distance to the former naval facility and trophic diffbr- 
ences reflected by stable isotope ratios. Randomization 
tests (Adams and Anthony 1996) were conducted (10 000 
runs) to produce reliable P values when residuals fi•om 
ANOVAs did not show a normal distribution (test results 
indicated as P,-,•,d)- A value of c• = 0.05 was used in all 
tests. Statistical tests were conducted with Minitab (M•- 
nitab Inc., State College, PA) and SYSTAT (SPSS Inc, 
Chicago, IL). 

RESULTS 

Reproductive Success. We identified 55 and 13 
breeding territories in Placentia and Bonavista 
Bays, respectively; some of them containing more 
than one nest. Breeding density was 0.10 and 0.06 
occupied nests/kin of shoreline for Placentia and 
Bonavista Bays, respectively (overall mean = 0.09 
occupied nests/km). Nest success and productivity 
(Table 1) were not significantly different between 
study areas (X 2 = 0.46, P = 0.5 and F•,41 = 2.5, P 
= 0.1, respectively). Overall, mean nest success in 
eastern Newfoundland was 76% and mean produc- 
tivity was 1.1 young/occupied nest. 

Organochlorines. Plasma concentrations of OCs 
were low in all samples in both Placentia and Bon- 
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avista Bays (Table 2). In Placentia Bay, there were 
no significant differences in mean concentrations 
between years (e.g., F•,s 0 = 0.58, Prand = 0.1 and 
F•,s0 = 1.9, Prand = 0.1 for DDE and PCBs, respec- 
tively). Therefore, results were pooled for 1996 
and 1997 and mean values were used for nests sam- 

pled in both years. Geometric mean concentra- 
tions of plasma DDE and PCBs were significantly 
higher in Placentia Bay than in Bonavista Bay (F• 
= 4.0, Prand = 0.03 and F•,s• = 6.3, P•-and = 0.003, 
respectively; Table 2). There were no significant 
differences in mean concentrations of other OCs 

(Table 2). Dieldrin; pp'-DDD; pp'-DDT; pentachlo- 
robenzene; 1234- and 1245-tetrachlorobenzene; oc- 
tachlorostyrene; ix-, [3- and •/-hexachlorocyclohexane; 
trans-chlordane; and tris(4-chlorophenyl)methanol 
were detected in less than half of the plasma sam- 
ples. In Placentia Bay, DDE and PCB concentra- 
tions were negatively related to nest distance from 
the former U.S. naval site at Argentia (R s = 0.4, P 
= 0.07 and R s = 0.3, P = 0.02, respectively; Fig. 
2). There were no significant relationships be- 
tween concentrations of other OCs and distance 

from the naval site. 

Mercury. No significant differences were found 
in geometric mean mercury concentrations in 
whole blood of eagle nestlings between years in 
Placentia Bay (F•,s0 < 0.001, Prand = 0.3), or be- 
tween Placentia and Bonavista Bays (F•,s•: 1.7, P 
= 0.2). The overall geometric mean concentration 
for blood mercury in nestlings in eastern New- 
foundland was 87 ng/g (N = 23, range: 50-250 
ng/g wet wt). There was no association between 
mercury concentrations and nest distance from the 
naval base in Placentia Bay (Fig. 2). 

Trophic Status. Most birds found in prey re- 
mains were Black-legged Kittiwakes (Rissa tridacty- 
la), and Herring Gulls (Larus argentatus), or 
murres ( Uria spp.) in both Placentia and Bonavista 
Bays. Fish species included yellow-tail flounder (Li- 
manda ferruginea), wolffish (Anarhichas spp.), scul- 
pin (Myoxocephalus spp.), lumpfish (Cyclopterus lure- 
pus), Atlantic cod ( Gadus rnorhua), redfish ( Sebastes 
spp.), Atlantic herring (Clupea harengus), and 
American lobster (Homarus americanus). The only 
mammal remains identified were snowshoe hare 

(Lepus americanus). The minimum percent occur- 
rence of avian, fish, and mammalian prey in the 
remains at 22 Placentia Bay eagle nests and eight 
Bonavista Bay nests averaged 64, 29, and 7%, re- 
spectively. There were no significant differences in 
the frequency of occurrence of bird and fish re- 
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F•gure 2. Regressions of contaminant concentrations 
(ng/g, wet wt) in plasma or whole blood of Bald Eagle 
nestlings in Placentia Bay and nest distance (km) from 
the fbrmer U.S. naval base at Argentia, Newfoundland. 

mains either between years in Placentia Bay (N = 
80, X2 = 0.1, P = 0.2) or between Placentia and 
Bonavista Bays (N = 102, X 2 = 0.9, P = 0.3). 

Stable isotope ratios were determined in 13 
blood samples from Placentia Bay and six samples 
from Bonavista Bay collected in 1997. Geometric 
mean 81•N values (__SD) in nestling blood were 

not significantly different between Placentia and 
Bonavista Bays (16.0 + 0.4%o and 15.7 + 0.2%o, 
respectively; F1,17 = 1.69, P -- 0.2). 81'•N values were 
not significantly related to plasma DDE concentra, tions (R 2 = 0.004, /•,•5 -- 0.44, P = 0.5), plasma 

PCB concentrations (R 2 = 0.002, b•,l• = 0.03, P = 
0.8), blood mercury concentrations (R 2 = 0.002, 
F•,ls = 0.02, P = 0.9), or nest distance from the 
naval site in Placentia Bay (R 2 = 0.03, FL• • = 0.2, 
P = 0.6). Geometric mean 813C values (_+SD) in 
nestling blood were greater in Bonavista Bay than 
in Placentia Bay (-17.8 -- 0.2%o and -18.3 m 
0.5%o, respectively; F•,•7 = 5.0, P = 0.05). 8•3C val- 
ues were negatively associated with plasma DDE 
(R 2 -- 0.36, h•,•5 = 9.3, P = 0.008) and PCB con- 
centrations (R 2 -- 0.36, b•,• -- 8.7, P = 0.009) in 
nestlings from both bays. There was no relation- 
ship between 8•3C values and blood mercury con- 
centrations (R 2 = -0.09, F•,i• = 2.1, P = 0.2). 
Within Placentia Bay, 813C values were positively re- 
lated to nest distance from the naval base (R 2 = 
0.48; F•, 9 : 8.3; P = 0.02). 

Multiple regression results indicated that plasma 
DDE concentrations in Placentia Bay eagles were 
associated with nest distance from the naval base 

but not with •3C values (R 2 = 0.66, F•, 8 = 10.5, P 
= 0.01; F•, s = 0.4, P = 0.5; respectively). Similar 
analysis showed that plasma PCB concentrations 
were associated more with nest distance from the 

naval base than with 8•sC values, although neither 
association was statistically significant (R s = 0.46, 
P•,s = 3.4, P = 0.1; FLs = 0.001, P = 0.9; respec- 
tively) for Placentia Bay nestlings. 

DISCUSSION 

Concentrations of OCs in plasma of Bald Eagle 
nestlings were low in both study areas in eastern 
Newfoundland. Observed plasma DDE and PCB 
concentrations were below thresholds associated 

with depressed Bald Eagle productivity (i.e., <0.7 
young/occupied nest), namely 107 ng/g PCBs and 
26 ng/g DDE (Bowerman et al. 1995). Levels of 
DDE, PCBs, and other OCs were lower than those 

found in plasma of nestling eagles in more indus- 
trialized regions such as the Columbia River Estu- 
ary, Great I,akes, and Maine (geometric means: 
80-200 ng/g PCB, 20-100 ng/g DDE; Anthony et 
al. 1993, Bowerman 1993, Matz 1998, Donaldson 
et al. 1999) but were similar to those found in Brib 
ish Columbia and interior areas of the Midwest and 

Ontario (5-50 ng/g PCB, 3-24 ng/g DDE; Bower- 
man 1993, Elliott 1995, Donaldson et al. 1999). We 
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conclude that OC concentrations in eagle nestlings 
•n eastern Newfoundland are below levels associ- 

ated with population-level impacts. 
Mean DDE and PGB concentrations were signif- 

icantly higher in Placentia Bay than in Bonavista 
Bay, with an increasing trend in Placentia Bay in 
nests closer to the Argentia naval base. Goncentra- 
nons of other OGs were similar in both study areas. 
Our findings support the hypotheses that the Ar- 
gentia naval base is a source of PGB contamination 
to the local marine environment, and that part of 
the contamination detected in the eagles had a lo- 
cal origin at the base (although we acknowledge 
the smaller sample size from the reference site in 
our comparative analyses). The U.S. Navy con- 
structed the Naval Air Station, Dockyard, and as- 
sociated fuel, ordnance, communication, and sup- 
port facilities at Argentia in the early 1940s 
(Argentia Remediation Group 1995). These f•acili- 
ties were gradually closed or abandoned by the 
American military between 1968 and 1994. Soil, 
groundwater, marine sediments, and biota at Ar- 
gentia were contaminated with petroleum hydro- 
carbons, OCs, PCBs, or metals, which leaked from 

fuel storage tanks, an electrical power plant, elec- 
trical transformers, several landfills, and equip- 
ment storage areas (Argentia Remediation Group 
1995, JWEL 1996). Our results suggest that PCB 
contamination of marine fish observed around Ar- 

gentia (JWEL 1996) is moving up the food web 
into Bald Eagles (although not reaching toxic con- 
centrations in eagle nestlings). 

PCB contamination has been frequently ob- 
served around military installations in North 
America, Europe, and Asia (de March et al. 1998, 
Gregor et al. 2003, Kuzyk et al. 2003). At these con- 
taminated sites, PCBs are often found in soil adja- 
cent to buildings with electrical equipment, in and 
around dumps, and migrating from these sources 
down drainage channels into the ocean (Gregor et 
al. 2003). In a contaminant study in the Aleutian 
Islands of Alaska, Anthony et al. (1999) reported 
higher levels of PCBs in Bald Eagle eggs from nests 
that were located on islands that had a former mil- 

itary base than in eggs from islands that did not. 
Blood mercury levels in Newfoundland Bald Ea- 

gle nestlings were similar to those in Florida and 
coastal Maine nestlings (geometric means: 82-130 
ng/g; Welch 1994, Wood et al. 1995), but lower 
than those in Oregon and Washington nestlings 
(230-1200 ng/g; Wiemeyer et al. 1989, Anthony et 
al. 1993). No threshold value for adverse effects is 

available in the literature for blood mercury con- 
centrations in Bald Eagles. The blood mercury 
concentrations in Newfoundland eagles were less 
than those (ca. 1000 ng/g in 5-wk-old chicks) that 
led to sublethal effects on appetite, body condi- 
tion, behavioral activity, anemia, and organ histol- 
ogy in dosed Great Egrets (Ardea alba) (Bouton et 
al. 1999, Spalding et al. 2000a, 2000b). 

Dietary habits and trophic level can influence 
contaminant concentrations in eagles. Bald Eagles 
that feed mainly on seabirds, especially gulls, are 
known to bioaccumulate higher concentrations of 
contaminants than eagles feeding mainly on fish 
or terrestrial herbivores (Kozie and Anderson 
1991, Welch 1994, Anthony et al. 1999). Our anal- 
ysis of bird, fish, and mammal remains at eagle 
nests indicated that the trophic status of eagles was 
similar in Placentia and Bonavista Bays. Prey re- 
mains collected at Newfoundland nests were simi- 

lar to other coastal populations of Bald Eagles, 
where seabirds predominate in the diet (Welch 
1994, Todd et al. 1982, I•fight et al. 1990). Because 
analysis of Bald Eagle prey remains overestimates 
the dietary importance of birds, medium-sized 
mammals, and bony fish, while underestimating 
consumption of small fish and mammals (Mers- 
mann et al. 1992), it is important to limit compar- 
isons to similar studies of prey remains. 

Traditionally, combined analyses of prey re- 
mains, regurgitated pellets, and direct observation 
of feeding events are required to assess dietary 
composition accurately for Bald Eagles (Mersmann 
et al. 1992). However, stable isotopic analyses of 
bird tissues is another method available to quanti- 
tatively assess their trophic status (Hobson et al. 
1994). Analyses of 8•5N values in nestling blood 
samples showed no dietary trophic differences 
among nestlings, and no relationships between 
contaminants and 8•5N values. Although 8L•N val- 
ues of food web components may differ among lo- 
cations, we feel that the observed differences in 
contaminant levels are not due to differences in 

dietary trophic level among nestlings. This conclu- 
sion is supported by the prey remains analysis. 

In contrast, 8•3G values were greater in Bonavista 
Bay, and in nests further away from the Argentia 
naval base in Placentia Bay. Greater 8•'•G ratios in 
birds in marine ecosystems have been related to 
diets with more inshore or benthic prey, while low- 
er 8•3G ratios have been related to more offshore 

and pelagic-based diets (Hobson et al. 1994). Nests 
in Bonavista Bay are located in a long sound with 
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an estuary at the head of the bay. In Placentia Bay, 
nests flirther away from the naval base are also lo- 
cated near an estuary at the head of the bay, while 
nests closer to the base are located on islands near- 

er the mouth of the bay. This difference in geo- 
graphical distribution and proximity to f?eshwater 
inputs could explain the differences in bt3C values 
between study sites and within Placentia Bay. The 
associations fbund between b•3G values and PCB 

and DDE levels in nestling plasma indicate a pos- 
stble dietary cause for differences in contaminant 
concentrations. However, the multiple regression 
analysis suggests that proximity to the Argentia na- 
val base was more important than bt'•G values in 
tnfiuencing DDE and PCB concentrations in young 
eagles. Given our small sample sizes, the snap-shot 
nature of our dietary study, the opportunistic for- 
aging strategies of Bald Eagles (Stalmaster 1987), 
and the changing availability of different prey 
through the breeding season (e.g., spawning of dif- 
ferent species of fish), there remains much to in- 
vestigate about Bald Eagle foraging ecology, stable 
isotope patterns, and their association with con- 
taminant levels in Newfoundland. 

Breeding density of Bald Eagles in eastern New- 
foundland (0.090 occupied nests/km shoreline) 
was similar to coastal British Columbia (0.086 
nests/km; Hodges and King 1984), greater than 
coastal New Brunswick (0.014 nests/km; Stocek 
and Pearce 1981) and Nova Scotia (0.047 nests/ 
km; MacDonald and Austin-Smith 1989), but less 
than the maximum densities seen along the south- 
east coast of Alaska (0.28 nests/km; Hodges 1982). 
High breeding densities and reproductive output 
of Bald Eagles in marine ecosystems are often as- 
sociated with high quality and availability of nest- 
ing habitat and with fbod abundance (Hansen 
1987). 

Wc cannot draw a definitive conclusion on the 

reproductive status of the Bald Eagle population in 
eastern Newfbundland from our study because a 
minimnm of 3 yr of data collection is recommend- 
ed to reliably determine mean productivity (Elliott 
1995). However; our data from the two years in 
Placentia Bay and the one year in Bonavista Bay 
indicate that reproductive success was high and are 
suggestive of a healthy breeding population, i.e., 
>1 young/occupied nest (Wiemeyer et al. 1993, 
Bowerman et al. 1995). The breeding densities and 
reproductive success of Bald Eagles in eastern New- 
foundland can presumably be attributed to high 
availability and quality of fbod, perches, and nest- 

ing habitat (Chandler et al. 1995), and to relatively 
low contaminant levels in the environment. 

We fbund no evidence that current contaminant 

levels are impairing reproduction in Bald Eagles in 
Placentia and Bonavista Bays. Nevertheless, Bald 
Eagles would be an excellent bioindicator of any 
ecological impacts of future industrial develop- 
ment in Placentia Bay (e.g., proposed nickel smelt- 
er at Argentia), and of any ecological benefits of 
on-going remediation of existing contaminated 
sites at Argentia. This study provides the necessary 
baseline information on Bald Eagle productivity 
and contamination fbr any future monitoring pro- 
gram. 
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