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Abstract 

The bald eagle (Huliaeetus leitcocephafris) population in Newfoundland is one of 

the largest in North Amenca. The main breeding concentration is in Placentia Bay, the 

most industrialized bay in Newfoundland. This study investigated for the fmt time the 

reproductive and toxicological status of two major bald eagle breeding concentrations in 

Newfoundland. The main objectives of the study were: 1) to compare the reproductive 

performance and contaminant loads of bald eagles in a relatively industnalized area (i.e. 

Placentia Bay) and in a non-industrialized area (Le. Bonavista Bay); 2) to compare the 

reproductive and toxicological status of bald eagles in Newfoundland with other bald 

eagle populations in North America. This study also provided baseline reproductive and 

toxicological data on the bald eagle population in Placentia Bay, before further large- 

scale industrial development (e.g. trans-shiprnent and storage oil facilities and proposed 

nickel smelter). 

Reproductive surveys and sampling of bald eagle nestlings for toxicological 

analyses were conducted in Placentia Bay in 1996 and 1997 and in Bonavista Bay in 

1997. Both populations had high breeding densities (0.1 and 0.06 occupied nests/krn of 

shoreline in Placentia and Bonavista Bays, respectively) and a stable reproductive 

performance (82 % nest occupancy, 7 1 % nest success and 1.1 chicks/occupied nest in 

Placentia Bay and 92 % nest occupancy, 83 % nest success and 0.9 chicks/occupied nest 

Bonavista Bay). There were no significant differences in nest occupancy, nest success 



or chick production between bays. 

Organochlorine and metal concentrations in nestling blood and in addled eggs 

were relatively low in both Placentia and Bonavista Bays. Mean concentrations of PCBs 

and DDE in nestling plasma were significantly higher in Placentia Bay (PCB geometric 

mean (G,) = 0.03 ppm (wet wt.) and DDE G, = 0.009 pprn) than in Bonavista Bay (PCB 

G, = 0.0 1 pprn and DDE G, = 0.002 ppm, respectively). Mean concentrations of mercury 

in nestling blood were not significantly different between Placentia and Bonavista Bays 

(G, = 0.08 ppm and G, = 0.07 ppm, respectively). The US naval base in Argentia, 

located on the east side of Placentia Bay, has been identified as a potential local source of 

PCB contamination. Nests that were located nearer Argentia WEAR nests) also had 

higher mean concentrations of PCBs and DDE than nests located more distantly 

(DISTANT nests). while metal concentrations were sirnilar between both groups. 

Analyses of prey remains collected at nest sites showed no significant difference in the 

Frequency of occurrence of bird and fish specimens between Placentia and Bonavista 

Bays, or between NEAR and DISTANT nests in Placentia Bay. Analyses of stable 

nitrogen isotopes in nestling blood samples showed no di fferences in trophic level either 

between bays or between NEAR and DISTANT nests in Placentia Bay. Results of these 

dietary analyses further support the relationship of higher PCB and DDE concentrations 

to a local source of pollution on the east side of Placentia Bay. The bald eagle breeding 

populations studied in Newfoundland had breeding densities and reproductive success 

higher than those reported for populations in more heavily industrialized regions such as 

iii 



the Great Lakes, Columbia River Estuary and Maine, and were comparable to those 

reported for stable and healthy populations in Alaska, inland Minnesota and 

Saskatchewan. Contaminant burdens in bald eagles from Newfoundland are lower than 

those reported for populations in the industnalized regions, and are lower than levels 

associated with impairment of reproduction. 
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Chapter 1. General Introduction 

1 .l Background 

The chronic accumulation of pollutants in the marine environment is a major 

concem when assessing the health of an ecosystem (Howels et al. 1990; Langston 1990; 

Hofhan  1994). Pollutants released directly or indirectly into aquatic ecosystems are 

generally stable molecules, highly persistent in water, air and sediments (Burton and 

Statham 1990; Chester and Murphy 1990; Luoma 1990). Once they enter food webs, 

many of these substances bioaccurnulate and biomagnify through trophic levels (Springer 

et al. 1984; Nielsen and Dietz 1989; Howells et al. 1990). Major contaminants of concem 

are organochlorine compounds (e.g. DDE, PCBs, dioxins and furans), heavy metals (e.g. 

mercury, cadmium and lead) and petroleum hydrocarbons (PAHs). 

In high latitude environrnents or sub-Arctic regions such as Newfoundland, cold 

seawater temperatures result in slowed break down of pollutant molecules and make 

marine ecosystems vulnerable to even longer-term persistence of toxic substances (Levy 

1980; Furness and Monaghan 1987; Lock et al. 1994; Welch 1994). Furthemore, many 

pollutants (e.g. DDE, PCBs, dioxins) are lipophilic and are stored in the fatty tissues of 

marine animais in these cold environments (Norstrom et al. 1988; Ewins 1994). 

Therrnoregulation and food stress can induce lipid mobilization and direct exposure to 

the toxic effects of accurnulated contarninants (Furness 1993). 

Contarninants in the marine environment are not necessaîly closely linked to a 



pollution source or to heavily industrialized areas. Some substances are atmospherically 

transported long distances and can be found in rernote, supposedly pristine regions , e.g. 

Antarctic and Arctic Oceans (Nettleship and Peakall 1987; Norstrorn et a1.1988). 

Migratory species also transport pollutants "if1 vivo ". When interacting with food webs at 

their migratory destinations. these species introduce contarninants to pristine ecosystems 

(Cade et al. 197 1; Springer et al. 1984; Fumess 1993). 

Chronic low-level pollution can produce deletenous changes that are otten 

difficuit to detect in wildlife populations (Howells et al. 1990; Langston 1990; Hofhan 

1994). Contaminants usually have sub-lethal toxic effects on the physiology of 

individuals and subsequent long-tem alterations of a population's reproductive 

performance (Howells et al. 1990). Too ofien, these long-term, accurnulative toxic effects 

are detected at population levels in advanced. sometimes irrevenible stages (Nisbet 1989; 

Langston 1990; Colborn 199 1 ). Such is the well-documented case of the disastrous effect 

which organochlorines had on the reproduction of birds of prey during the 1960s and 

1 WOs, when contaminants surpassed threshold levels in these animals (Grier 1974; 

Wierneyer et al. 1984; Peakall and Fox 1987; Court 1993). interactions among different 

toxic substances should also be considered when assessing the potential negative effects 

of pollutants on the animal's physiology. Interactive effects of multiple contaminants cm 

be additive, synergistic or antagonistic, altenng the expected toxicity of a specific 

pollutant (Howells et al. 1990; Hoffman 1994). For exarnple, the comrnon association of 

DDE, PCB and mercury residues found in wildlife populations obscures the 



determination of their independent toxicities (Nisbet 1989; Colbom 199 I ; Anthony et al. 

1993; Fumess 1993; Wiemeyer et al. 1993). 

Top predaiors are very sensitive species to the presence of persistent contarninants 

because they accumulate the highest concentrations of toxic substances through processes 

of bioaccumulation and biomagnification. It is therefore important to assay and monitor 

pollutants among these high trophic level consumers especially in cold environments, 

even when there are not obvious sources of local pollution. Systematically monitoring 

sensitive species c m  help detect increases in contaminant concentrations and prevent 

irreversible consequences üt population levels. Furthermore, several studies have shown 

the advantages of using top predators as biological indicators of an ecosystem's 

toxicological status (NERC 1983; Fumess and Monaghan 1987; Peakall and Fox 1987; 

Blondin and Viau 1992; Fumess 1993; Monteiro and Furness 1995). 

The bald eagle (Huiiueetris ieiicocephalrrs) is an apex species in coastal marine 

ecosystems in North Amerka. Coastal populations of eagles feed on a range of species, 

From fish to seabirds, and even scavenge on marine mammals (Todd et al. 1982; Knight 

et al 1990). Bald eagle populations throughout North Arnerica were seriously affected by 

widespread use of organochlorines dunng the 1960s and 1970s (Gner 1982; Wiemeyer et 

al. 1984; Sindelar 1988; Bowerman 199 1, 1993; Kozie and Anderson 1991; Anthony et 

al. 1993; Welch 1994; Grim and Kallemeyn 1995). Although many breeding populations 

have recovered in the last two decades (Grier 1982; Wiemeyer et al. 1984), contaminants 

still seem to be a limiting factor in the reproductive performance of some populations 



today (Anthony et al. 1993; Welch 1994; Bowerman et al. 1995; Gnm and Kalleymen 

1995). Some bald eagle populations in the Great Lakes region have consistently produced 

less than 0.7 fledglings/occupied nest, which is the minimum productivity necessary For 

the maintenance of a stable population (Sindelar 1988; Bowerman 1991; Kozie and 

Anderson 1991). In the western Atlantic, populations in Maine have recently shown 

sirnilar low productivity (Welch 1994). Pollutant monitoring programs have been 

conducted across Canada and the United States, using bald eagle nestlings as standard 

sarnpling anirnals for the assessrnent of the toxicological status of the populations 

(Colbom 199 1; Anthony et al. 1993; McKeane and Weseioh 1993; Bowerman 1993; 

Bowerman et al. 1994; Welch 1994; Gnm and Kallemeyn 1995). Tissue samples fiom 

bald eaple nestlings are considered to be good bioindicaton for assessing a localized area 

of contamination over a relatively short period of time, and for monitoring the health of 

an ecosystem (Welch 1994). 

One of the largest breeding concentrations of nonhem bald eagles (Haliaeelirs 

leucocephaltis alnskmi~s) in eastem North h e n c a  is in Placentia Bay, Newfoundland. 

At the same time, important sources olchronic pollution occur in Placentia Bay and 

nearby areas. Organochlonne pollution (PCBs and dioxins) in Placentia Bay has been 

related to the U.S. Naval Base in Argentia (Jacques Whitford 1996). The Long Harbour 

Phosphorus Plant was active in the bay until 1989. Another industrial proposal for the 

area is MCO's nickel smelter for the Voisey's Bay mining development. Oil industries 

and oil-related activities include the Corne By-Chance oil refinery, the former US Naval 



Base in Argentia, the Marystown shipyard, the heavy shipping traffic and the upcoming 

Hibernia oil tram-shipment and storage facilities. Evidence of chronic oil pollution in 

Placentia Bay has been shown by the high incidence of oiled seabirds washing up along 

its shores (Montevecchi and Tuck 1987; Lock et al. 1994). Bald eagles are well-known 

scavengers that feed opportunistically on carcasses (Todd et al. 1987; Stalmaster 1987) 

and have been observed anecdotically preying and scavenging on oiled birds in Placentia 

Bay (T. Power, pers. comm.). Further evidence of bald eagles feeding on oiled seabirds is 

shown by the presence of oiled feathers in the prey remains collccted at nest sites (present 

study). Finally, intense seabird hunting in Placentia, Fortune and St. Mary's Bays is a 

possible source of chronic iead contamination for bald eagles. through the ingestion of 

wounded prey (Pattee and Hennes 1983; Scheuhammer and Noms 1995). 

Studies of chronic pollution and its impact on wildlife populations stress the 

importance of obtaining baseline data on the population's status prier to industrial 

development (Bowman et al. 1997). Cornparisons with baseline data allow a wider 

interpretation of changes and trends in reproductive and demographic parameters, and of 

their relationship to changes in contaminant burdens. The bald eagle population in 

Placentia Bay has not been studied pnor to industnalization of the area. Information on 

its present breeding performance is incomplete and contaminant levels have never been 

detennined. In the face of further industrial development, it is essential to obtain a 

systematic assessrnent of the bald eagle population's reproductive and toxicological 

status, to identiQ potential present and future impacts, and to establish the appropriate 



monitoring guidelines. 

This study uses the bald eagle as a bio-indicator of chronic pollution in Placentia 

Bay. Contaminant concentrations in the tissues of bald eagle nestlings and the 

reproductive performance of the breeding pairs were studied in two consecutive breeding 

seasons. The reproductive and toxicological status of bald eagles in Placentia Bay are 

compared to another bald eagle population in Bonavista Bay, a non-industrialized site in 

Newfoundland, and to other bald eagle populations in North America. 



1.2 Objectives 

1. to provide the first systematic population and reproductive assessment of the two main 

breeding concentrations of bald eagles in Newfoundland (Chapter 2); 

2. to provide the first toxicological assessment of Newfoundland bald eagles and 

establish baseline data on contaminant levels in Placentia Bay eagles p io r  to future large- 

scale industrial development (Chapter 3); 

3. to compare the reproductive and toxicological status of bald eagles in Placentia Bay 

(industrialized area) and Bonavista Bay (non-industrialized area) (Chapters 2 and 3); 

4. to compare the reproductive and toxicological status of bald eagles in Newfoundland 

with other bald eagle populations in Nonh America (Chapters 2 and 3). 



1.3 Hypotheses 

1. The reproductive success of bald eagles is lower in a relatively industrialized site (i.e. 

Placentia Bay) than in a non-industrialized site (Le. Bonavista Bay), in Newfoundland 

(Chapter 2) . 

2. The reproductive success of bald eagles is higher in Newfoundland than in more 

heavily industrialized regions in North Arnerica (i.e Great Lakes and Maine) (Chapter 2). 

3. Contaminant concentrations in bald eagle nestlings are higher in Placentia Bay than in 

Bonavista Bay (Chapter 3). 

4. Contaminant concentrations in bald eagle nestlings are lower in Newfoundland than in 

the Great Lakes and Maine (Chapter 3). 



1.4 Study area 

Placentia Bay is located in the southeastem coast of Newfoundland, in 

easternmost Canada (see Fig 1.1). Placentia Bay is a coastal northem boreal ecosystem of 

great biological diversity. tt sustains one of the richest fish biomasses in Newfoundland 

waters, important seabird colonies, wintering grounds for millions ofseabirds and 

seaducks, breeding and wintering grounds for eagles, and feeding grounds for several 

species of seals, dolphins and whales. The tree cover dong the coastline is densely 

packed and dominantly coniferous, including white spruce (Piceïi gluiicci), black spruce 

(P. murianu). and balsam fir (Abies bdsumea). 

Bonavista Bay, located in the east coast of Newfoundland (Fig 1.1 ), is also a 

typical nonhem boreal ecosystem, rich in fish, seabird, eagle and manne marnmal 

populations. The tree cover is a mixed boreal forest mainly composed of white spruce, 

black spruce, balsam fir, white pine (Pinrrs strobrrs). trernbling aspen (Popidus 

[rem idoides). and yellow birch (Betula dleghaniensis). The study area in Bonavista Bay 

is located within the boundaries of Terra Nova National Park (TNNP). The bald eagle 

population in Bonavista Bay was included in this study as a reference group for 

comparison of toxicological and reproductive parameters. This study area was chosen 

mainly due to the logistical support provided by Parks Canada that made possible the 

study, and because it was considered a non-industnalized site. 



Fig. 1 . A .  Study areas for reproductive and toxicological study of bald eagles 
in Newfoundland, 1996-97. 



Chapter 2. Reproductive Performance of Bald Eagles in Placentia and 

Bonavista Bays, Newfoundland 

2.1 Introduction 

The iargest concentrations of breedine bald eaeles have been reported in Alaska. 

Oregon. Minnesota, the Great Lakes region, Maine, Chesapeake Bay and Flotida in the 

US, and in British Columbia, Saskatchewan, Manitoba, notthcm Ontario and Nova Scotia 

in Canada. Long afkr the banning of the use of organochlorines such as DDT and PCBs. 

some bald eagle populations fiom the Great Lakes, Columbia River Estuary (Oregon) and 

Maine still show impaired reproduction (nest success ~ 5 0  % and productivity 4 0.7 

fledginp/occupied nest), that has been related to the persistence of these contaminants in 

the environment (Colbom 1991; Anthony et al. 1993; Bowerman 1993; Welch 1994). 

Bald eagles breeding in Alaska, British Columbia, Minnesota, Saskatchewan and 

northern Ontario have the highest breeding densities and reproductive parameters 

indicative of healthy and stable populations (>50 % nest success and fledgling/occupied 

nest) (Grier 1974; Hodges 1982; Gcrrard et al. 1983; Bowman et al. 1993; Grim and 

Kallemeyn 1995; Ritchie and Ambrose 1996). Bald eagle populations in Atlantic Canada 

(Nova Scotia and New Brunswick), although were considered to have marginal 

production in the early 80s (Stocek and Pearce 1981), have increased in nurnbers in the 

last decade and now exhibit reproductive parameters indicative of healthy and expanding 

populations (Stocek, unpublished data). 



Newfoundland has a large coastal population of breeding eagles, and the number 

of breeding pairs has remained stable in the last decadc (J. Brazil, unpublished data). 

Furthermore, Newfoundland eagles are apparently year-round residents on the island, 

with many wintering on the south coast. where they concentrate around open waters (J. 

Brazil, pers. comrn.). Data on potential breeding population size has been gathered by 

provincial wildlife biologists over the past 10 years in the main areas of occurrence (J. 

Brazil, unpublished data), but there has been no consistent collection of information on 

reproductive performance. 

This study in Placentia and Bonavista Bays provides the first systematic 

assessrnent of reproductive performance for two main breeding concentrations of bald 

eagles on the island of Newfoundland. Reproductive data were collected sirnultaneously 

with a study on contaminant burdens in the breeding populations (see Chapter 3). The 

bald eagle population in Bonavista Bay was used as a reference group in a non- 

industrialized bay to detect di fferences in reproductive performance potentially due to 

local industrial contaminants in Placentia Bay. This study tested the hypotheses that : i) 

bald eagle reproductive success would be lower in the industnalized Placentia Bay than 

in the non-industrialized Bonavista Bay; ii) bald eagle reproductive success would be 

higher in Newfoundland than in more heavily industrialized regions such as the Great 

Lakes and Maine. 



2.2 Methodology 

2.2.1 Reproductive surveys 

Bald eagle breeding population size. distribution, density, and reproductive 

performance were studied in Placentia Bay in 1996 and 1997, and in Bonavista Bay in 

1997. Variables measured to assess reproductive performance were breeding density, nest 

occupancy, nest success and chick production. Definitions of these terms and others used 

to describe reproductive parameters follow and are modified from Postupalsky ( 1974) 

and Kozie and Anderson ( 199 1): i) breeding areu - an area containing one or more nests 

within the range of one mated pair of birds; ii) nest occirpann, - the proportion of nests 

(Le. breeding areas) occupied by mated pain in a breeding season; iii) occiipied nest - a 

nest at whicli any of the following activity patterns were observed during the breeding 

season: a) two adults at or near the nest; b) one adult sitting low in the nest; c) a nest with 

fresh sticks, boughs, droppings, molted feathers, and/or fresh prey remains at the end of 

the chick rearing period; d) eggs were laid; or e)  chicks were raised; iv) nest sitccess - the 

proportion of breeding pairs in occupied breeding areas that raised one or more fledglings 

in a breeding season ; v) sziccessjiil nest - an occupied nest from which at least one young 

fledged or was raised to an advanced stage of development (i.e. near fledging age); vi) 

chickprodiictio>i - mean nurnber of fledglings (or large young) produced per nest in a 
1 

population; vii)flerlg»g ratio - ratio between the mean nurnber of fiedglings per 

successful nest and the mean number of fledglings per occupied nest. A minimum of two 



surveys per breeding season (as stressed by Postupalsky 1974) were conducted to 

determine the number of breedir.8 areas, nest occupancy, nest success and chick 

production. Breeding areas containing more than one nest were infened by distance 

between nests (< 1 km) and by cornparhg occupancy of the nests throughout the years (J. 

Brazil, unpublished data). Reproductive surveys were conducted aenally a d o r  by boat. 

Aerial surveys were conducted by helicopter (Bell 206) in Placentia Bay and by fixed- 

wing (Twin Otter) in Bonavista Bay, with a cruising speed of 120-140 kmlh and a flying 

altitude of 50-100 m above tree line. Survey schedules and rnethodology follow 

Postupalsky ( 1974), Fraser et al. ( 1983) and Gier (1974, 1982), and results are conected 

for sampling and measurement errors in aerial counts (Fraser et al. 1983, Fraser 1984). 

Boat surveys were conducted by cmising dong the coast line with a 20 feef fiber-glass 

boat at a cruising speed of 5-1 0 knots. 

The first survey in late April-early May assessed breeding population size. nest- 

site locations and nest occupancy. In Placentia Bay this survey was conducted by boat in 

1996 ( 400 km of coastline) and by helicopter in 1997 ( 300 km of coastline). In 1996.50 

breeding areas were surveyed for the assessment of nest occupancy. In 1997 the logistic 

efforts were Focused on surveying the east coastline of the bay for the first time and 

identifying new nest locations around the main industnal sites. As a consequence, only 

39 breeding areas, out of the 50 that were surveyed in the previous year, were surveyed 

for nest occupancy (see Fig. 2.1). in Bonavista Bay (in 1997) the first survey was 

conducted by fixed-wing and by boat ( 205 km of coastline), and 13 breeding areas were 



surveyed For the assessment of nest occupancy. Nest locations were recorded in both 

bays using Global Positioning System (GPS) and entered into a Geographic Information 

System (GIS; MapInfo). Surveyed distances were also calculated with Mapinfo. 

Histoncal bald eagle nest locations were provided by the Newfoundland Inland Fish and 

Wildlife Division (NWLD) (J. Brazil, unpublished data) and by T e m  Nova National Park 

(TNNP), Parks Canada. A second survey in early June assessed clutchmrood size and 

chick development. This survey was conducted by helicopter in both years in Placentia 

Bay and by boatlland in Bonavista Bay in 1997. The third survey in late June-early July 

assessed nest success, chick mortality and chick production prior to fledging. This survey 

was conducted by boat and by climbing to the nests in both bays. In Placentia Bay, 30 

and 28 breeding pairs were surveyed in 1996 and 1997, respectively, For the assessment 

of nest success and chick production. In Bonavista Bay 12 breeding pain were surveyed 

for the assessment of nest success and chick production. 

2.2.2 Morphometric measurernents of ch icks 

Morphometric measurements taken to sex and age young included: mass, culmen 

length, bill depth, pad length, helix claw length, 8th primary length and wing chord 

length (see Bortolotti 1984). Measurements from wing and foot were taken corn the lefi 

side of the bird. Al1 siblings From al1 nests were banded with a metal USFWS band on the 

right leg. Laying dates were calculated fiom the age of chicks, determined fiom the 

morphometric measurements (Bortolo tti l984), and assuming an incubation period of 3 5 



days (Stalmaster 1987). A body condition index was calculated for each one of the 

eaglets based on the ratio rnass/wing length. The wing measurement used was the eighth 

primary length, which had a strong positive conelation (r = 0.99) with wing chord. 

2.2.3 Statistical analysis 

Differences in nest occupancy and nest success between the two breeding areas 

were examined with a Chi-square test of independence. One-way analyses of variance 

(ANOVAs) were used to test for differences in chick production and laying date rneans 

between years or locations. Laying dates were assigned a number from 1 to 60 that 

corresponded to the day of the month starting A p d  I and finishing May 30, for the 

purpose of statistical analysis. Mean laying dates (based on first eggs of clutches) 

between study areas were compared with data from 1997. Differences in body condition 

of chicks from the two study areas in 1997 were examined with a one-way ANOVA. 

Differences in brood size of successful pairs in the two study areas were investigated by 

analyzing the proportion of nests that produced one versus two nestlings, using a Fisher's 

Exact test. Randomization tests ( 10,000 runs, Adams and Anthony 1996) were applied to 

defend results from parametric tests when residuals did not show a normal distribution. 

Statistical tests were conducted with Minitab. A value of = 0.05 was used in al1 tests. 



2.3 Results 

2.3.1 Breeding population size, density and chronology 

In Placentia Bay, a total of 400 km of coast line were surveyed in 1996-97, and 55 

breeding areas were identified, containing 61 nests in good condition and three that were 

destroyed (see Fig.2.l). A systematic population census conducted in April 1996 showed 

a total of 71 adult, i sub-adult and 4 immature eagles. Two nests that were occupied and 

successful in 1996 were found blown down in 1997. In Bonavista Bay, a total of 205 km 

of coast line was surveyed in 1997, and 1 3 breeding areas were identified (see Fig. 2.2). 

A systematic census conducted in June showed a population of 17 adult and 4 immature 

bald eagles. 

Breeding densities of both study areas in 1996 and 1997 are s h o w  in Table 2.1. 

In Placentia Bay, mean breeding density of both years was 0.1 occupied nestskm of 

coastline. In Bonavista Bay, breeding density in 1997 was 0.05 occupied nestsfkm of 

coast iine. 

Mean laying dates of accessed successful nests in Placentia Bay were 7 and 8 

Apnl in 1996 (n = 18) and 1997 (n = 15 ), respectively (ranging from 30 Mach to 26 

April in both years). There were no significant difierences in mean laying dates between 

years (F,,, = 0.37; p = 0.5). In Bonavista Bay, the mean Iaying date of six successful 

nests was 16 April 1997 (ranging from 3 April to 5 May). Mean laying date in 1997 was 

8 days earlier in Placentia Bay than in Bonavista Bay, although this difference was not 



statistically signifiant (F,, ,, = 3.98; p = 0.06). 

2.3.2 Nest occupancy, nest success and chick production 

Nest occupancy, nest success and chick production of the surveyed breeding areas 

in 1996 and 1997 are s h o w  in Table 2.2. Mean nest occupancy of 1996-97 in Placentia 

Bay was 82 % and was not significantly different between years ( ' = 1.82; df = 1 ;  p = 

0.18). Nest occiipancy in Bonavista Bay in 1997 was 92 % . Nest occupancy was not 

significantly different between Placentia and Bonavista Bays (Table 2.3). 

Mean nest success of 1996-97 in Placentia Bay was 71.5 % and was not 

significantly different between years ( ' = 1.59; df = 1; p = 0.2). Nest success in Bonavista 

Bay in 1997 was 83%. Nest success was not significantly different between the two study 

areas (Table 2.3). 

Mean chick production of 1996-97 in Placentia Bay was 1 . 1  nestIings/occupied 

nest and was not significantly different between years (F,, ,, = 3.47; p = 0.07). Chick 

production in Bonavista Bay was 0.9 nestlings/occupied nest. Chick production was not 

signi ficantly di fferent between the two study areas (Table 2.3; Fig. 2.3). 

2.3.3 Brood size and chick body condition index 

The proportion of successful nests producing one versus two nestlings were not 

significantly different either between 1996 and 1997 in Placentia Bay (N = 42, 1 df, p = 

0.2 ) or between Placentia and Bonavista Bays in 1997 (N = 28, 1 df, p = 0.1). Placentia 



Bay in 1996 had a significantly higher proportion of nests that produced bvo nestlings 

than Bonavista Bay in 1997 (N = 24, 1 df, p = 0.045) (see Fig. 2.4). 

Mean body condition index (masslwing length) of chicks was not significantly 

different between Placentia and Bonavista Bays in 1997 ( = 0.025 and = 0.029, 

respectively; F ,. ?, = 1 .12; p = 0.3). 

2.4 Discussion 

2.4.1 Cornparison of bald eagle breeding performance in Placentia and Bonavista 

Bays 

Nest occupancy, nest success and chick production of bald eagles in Placentia and 

Bonavista Bays are indicative of a healthy and stable breeding population. Bald eagle 

breeding populations are considered to be stable when nest success is %O%, and chick 

production is 0.7 nestling/occupied nest (Sprunt et al. 1973; Colbom 1991; Wiemeyer et 

al. 1993). Under ideal conditions, chick production is considered to be 1.4 

nestlings/successful nest (Colbom 199 1 ). Colbom ( 199 1) uses a fledging ratio (ratio 

between the number of fledglings per successful nest and the number of fledglings per 

occupied nest) to assess the status of bald eagle breeding populations and to assist in 

separating the different stresses on their reproductive performance. As reproductive 

conditions irnprove, the tledging ratio approaches one. Fledging ratios in Placentia and 

Bonavista Bays were also indicative of a stable breeding population (see Table 2.2). The 



observed differences in mean chick production (of successfÙ1 nests) between study sites 

(1.4 nestlings/successful nest in Placentia Bay versus 1.1 nestlings /successful nest in 

Bonavista Bay, in 1997) were not statistically significant. Also, mean chick production in 

Bonavista Bay in 1997 could have been higher than reported in this study because some 

nests could not be accessed and counts of nestlings made From the ground or nearby trees 

might have underestimated nest success or brood size. 

There is some discrepancy between the nest occupancy percentages obsewed in 

this study and those recorded by the NWLD dunng 199 1-95 in Placentia Bay. The mean 

nest occupancy of 15 surveyed breeding areas durhg 1991-95 was 67 %. (J. Brazil, 

unpublished data) (see Fig.2.5). This value is lower than the nest occupancy percentage 

found in this study for the whoie population. However, the difference could be attributed 

to the lack of two systematic surveys per breeding season for some breeding areas dunng 

199 1-95 and, consequently, to the srnaller sarnple size of breeding areas systernatically 

surveyed dunng this period that was comparable to the data from 1996-97 (Postupalsky 

1974; Fraser et al. 1984). Also, owing to a lack of systematic surveys in Bonavista Bay in 

previous years, it is possible that some breeding areas could have been overlooked in the 

present study, thus affecting the real nest occupancy and nest success percentages of the 

breeding population in this study area. 

Bald eagle breeding density in Placentia Bay was twice the breeding density in the 

study area in Bonavista Bay (0.1 venus 0.05 occupied nestslkm coastline). Possible 

factors influencing the observed higher bald eagle breeding density and overall chick 



production in Placentia Bay are nesting habitat, prey abundance and availability, 

climatology, and human activities. First, some differences were observed in the 

topography and tree composition of the potential nesting and foraging habitat for bald 

eagles in Placentia and Bonavista Bays. In Placentia Bay, the Coast line offers abundant 

optimal nesting and foraging habitat, including high cliff Faces overlooking the water, 

protected harboun, numerous islands. narrows and shallow waters. Some of these 

topographic characteristics (e.g. islands in islands clusten, island-like points and 

peninsulas on the mainland) have been described as preferred nesting habitat for bald 

eagles in a lacustnnr ecosystem in Minnesota (Grim and Kalemeynl995). The study area 

in Bonavista Bay has a much more uniform coastline, and islands, harboun and cliff 

faces close to the shoreline are less abundant. In Placentia Bay, 72% of the surveyed nests 

were located on cliff ledges or on small trees (spruce or balsam fir) overhanging cliff 

ledges, and 28 % on trees (spruce or balsarn Tir) on hi11 slopes. while in Bonavista Bay 

3 1 % of the surveyed nests were found on cli ff ledges or on small trees overhanging cli ff 

ledges and 69 % were on large trees (white pine, aspen, birch, spruce, Tir) on the shoreline 

or on hi11 slopes. This difference in the proportions of cliff versus tree nesters in the two 

study a r e s  could reflect a difference in nesting habitat. Second, there are also some 

differences in food resources and availability between both study areas. Placentia Bay 

contains much higher breeding densities of seabirds than Bonavista Bay (Cairns et al. 

1989; Lock et al. 1994). Placentia Bay has had intense fishing activity in the pst  and still 

sustains a rich lobster fishery, while fishing activities are not so intense in the study area 



in Bonavista Bay. Fishing activities have been related to high breeding densities of 

seagulls, common prey species for coastal bald eagles (Todd et al. 1982; Knight et al. 

1990; Welch 1994). Third, weather conditions can also differ dunng the winter and 

spring in Placentia and Bonavista Bays. Bonavista Bay is located on the north-east Coast 

of Newfoundland and the pack-ice stayed until June in 1997, while in Placentia Bay there 

were open waters al1 year round. The presence of ice could have potentially affected the 

availability of food resources for bald eagles during the mating and incubation periods in 

Bonavista Bay. Laying date was found to be influenced by proximity to spnng food 

resources in a bald eagle population in southeast Alaska (Hansen 1987). Also, the 

potential difference in mean air temperature at the beginning of the breeding season, due 

io the presence of pack-ice in Bonavista Bay. could be another factor influencing 

breeding densities and laying chronology. Mean air temperatures in Apnl and density of 

breeding eagles were found to be positively correlated For a population of bald eagles in 

Saskatchewan (Ritche and Ambrose 1996). Finally, although Placentia Bay has a higher 

industrial development than Bonavista Bay, directly disturbing human activities are 

relatively low in both sites and contaminants in eaglets From both populations are under 

the thresholds known to be correlated with impaired reproduction (see Chapter 3). 

However, results of this cornparison of breeding densities between both bays 

should be considered cautiously due to the difference in size of the two study areas, and 

to a lack of regular and systematic surveying in Bonavista Bay pnor to this study. The 

higher breeding density observed in Placentia Bay could be due to a clustering of 



breeding pairs on the islands at the head of the Bay (see Fig. 2.1). Similar possible 

clusters of bald eagles on the islands outside and to the north of the study area in 

Bonavista Bay (see Fig. 2.6 ) could translate into a higher breeding density in the entire 

Bay. Data on bald eagle breeding distribution collected by the NWLD from 1990 to 1993 

in Bonavista Bay. outside of TNNP boundaries, show breeding densities of 0.01 

occupied nestslkm of coastline (Fig. 2.6). These densities are ten times lower than those 

found in Placentia Bay in 1996-97, and five times lower than those found in the study 

area in Bonavista Bay in 1997. However, surveys of different transects of coastline were 

conducted in different years during 1990-93 in Bonavista Bay. A more systematic survey 

of the coastline outside of the study area presented in this study needs to be conducted to 

draw conclusions on breeding densities in the whole area of Bonavista Bay. 

In conclusion, the hypothesis tested in this study that bald eagles in Bonavista Bay 

would have a higher reproductive success than bald eagles in Placentia Bay is rejected. 

Furthemore, because of the climatological and ecological differences between the two 

study areas, Bonavista Bay would not be an optimal choice as a future reference study 

site for detecting differences in bald eagle reproductive performance due to industrial 

activities and contaminants in Placentia Bay. 

2.4.2 Cornparison with other bald eagle populations in North America 

The highest breeding densities of bald eagles in North Amenca occur in Alaska 

(Hodges 1982; Hansen and Hodges 1985) and British Columbia (Hodges and King 1984). 



A breeding density of 0.6 occupied nest/km of shoreline was considered a saturation level 

in southeastem Alaska, where high rates of non-breeding adults occur (Hansen and 

Hodges 1985). Nesting densities of bald eagles in Placentia Bay in 1996-97 were higher 

than those described for the populations in Maritime Canada and Atlantic USA (Wetmore 

and Gillspie 1976; Stocek 1980; Stocek and Pearce 198 1 ; Welch 1994). Bald eagle 

breeding density in Placentia Bay was also higher than reported For an important baid 

eagle breeding concentration in Besnard Lake, Saskatchewan (Gerrard et al. 1983). 

However, these comparisons should be considered cautiously since calculations of 

breeding densities based on the length of shoreline (as reported in these studies) in areas 

with convoluted coastlines (such as Newfoundland) c m  lead to anornafous results, and 

measurements on fractal scales should be applied to obtain accurate cornpansons 

(Pennycuick and Kline 1986). 

Nest occupancy, nest success and chick production in Newfoundland are also high 

and do not fall in the pattern of marginal production that is characteristic of bald eagle 

populations in Maritime Canada and Maine (Stocek and Pearce 198 1 ; Welch 1994). They 

are comparable to the reproductive parameters of the most stable and productive 

populations of Alaska, Saskatchewan. Minnesota, Greater Yellowstone, Chippewa 

National Forest and northwestem Ontario (see Figs. 2.7 and 2.8; Appendix 2.1). 

Reproductive data from most regions dates fiom the last two decades and represents the 

'recovery' period after the depression of bald eagle populations during the 1960s- 1970s 

due to organochlorine residues. Nevertheless, some populations (Maine, Lake Nipigon, 



Lake Superior, Michigan, Wisconsin, Lake Huron, Columbia River Estuary) still show 

chick production values under the estimated minimum value for a stable population 

(Sprunt et al. 1973), and have fledging ratios indicative of possible lirniting effects of 

contaminants on reproduction (Colborn 199 1). Of the marine regions, Placentin Bay's 

chick production in 1996-97 is the highest, together with Kodiak Island's (Alaska) in 

1973-74. Nest success is also among the three highest percentages of al1 regions, and the 

highest of the marine areas. Newfoundland's fledging ratios are the closest to the 

optimum ratio 1 (Colbom 199 1 ) of 2 1 regions. Again, comparative analyses of the 

different populations should be considered cautiously because reproductive data were 

collected by different researchers using different surveying methodology, and in different 

years. 

High breeding densities and reproductive output of bald eagles in marine 

rcosystems have been mainly associated with the availability and quality of nesting 

habitat and with food abundance and availability (Hansen 1 987). The distribution of bald 

eagle breeding pairs might also be associated with available suitable shoreline perch areas 

(Chandler et al. 1995). Other factors influencing bald eagle breeding distribution and 

reproductive success are human activities (Buehler et al. 199 1 ; Gnibb and King 199 1 ; 

Gnibb et al. 1992) and environmental contaminants. Newfoundland offers good quality 

and abundant nesting and perching habitat for bald eagles. Fish and seabirds are also very 

abundant as food resources. Histoncal fishing activity is another factor that could 

positively influence food availability and breeding densities of bald eagles in 



Newfoundland. Finally, Newfoundland can still be described as a relatively pristine area, 

with low human disturbance around the main bald eagle breeding areas, and relatively 

low levels of orgrnochlorine and heaky metal residues in the environment (see Chapter 

3). 

In conclusion, this cornpanson supports the hypothesis that the reproductive 

success of bald eagles is higher in Newfoundland than in more industrialized regions of 

North Amenca such as Maine and the Great Lakes. Nevertheless, chronic oil pollution in 

southem Newfoundland (Montevecchi and Tuck 1987) and large-scale industrial 

development in Placentia Bay are presently increasing. These activities could create 

potential disturbances of the bald eagle population's breeding activities, and potential 

contaminant burdens that negatively influence bald eagle reproductive performance. 

Therefore, efforts should be made to rnonitor the bald eagle breeding population in 

Placentia Bay in the future to detect any trends in reproductive performance. 



Table 2.1 Bald eagle breeding densities in Placentia and Bonavista Bays, 1996-97. 

Location breeding areas 1 occupied nest 1 km shoreline 
km shoreline km shoreline surveyed 

Placentia Bay, 1996 O. 14 

Placentia Bay, 1997 O. 13 

Bonavista Bay, 1997 0.064 



Table 2.2 Reproductive performance of bald eagle breeding pairs in Placentia and 
Bonavista Bays, 1996-97. 

Location year nest nest nestlingsl nestlings/ nedging 
occupancy success successful occupied ratio 

( O/o) (%) nestkSE nest &SE 

Placentia Bay 1996 87 

Placentia Bay 1997 77 

Bonavista Bay 1997 92 



Table 2.3 Statistical analyses of bald eagle nest occupancy (%), nest success (%), and 
mean chick production (nestlingdoccupied nest) in Placentia and Bonavista Bays, 1996- 
97. 

locationlyear reproductive N statistic p signifiean t 
parameter difference 

nest occupancy 

Placentia / 1996 87 
Bonavista / 1997 92 

Placentia / 1997 77 39 '=1.7 ,1df  0.2 No 
Bonavista / 1997 92 13 

.. - . . 

nest success 

Phcentia / 1996 77 33 L=O.O1,ldf 0.9 No 
Bonavista / 1 997 83 12 

Placentia / 1997 68 28 ' = 1 . 1 , l d f  0.3 No 
Bonavista / 1997 83 12 

chick production 

Placentia / 1996 1.3 31 F , , , , = 2 . 4 7  0.1 
Bonavista 1 1997 0.9 12 

Placentia / 1996 0.9 27 F ,.,, 0.009 0.9 No 
Bonavista / 1997 0.9 12 







Fig. 2.3. Bald eagle chick production in Placentia and Bonavista Bays, 1996-97. PB 96 = Placentia Bay 1996; 
PB 97 = Placentia Bay 1997; BB 97 = Bonavista Bay 1997; success. = successful nest; occup. = occupied nest; 
error bar = standard error. 









Fig. 2.7. Nest success (%) in 21 bald eagle populations from westeni through to eastem North Amerka. Study site 
abbreviahns are as follows: KI = Kodiak 1. (Alaska), 1973-74; PW = Prince William Sound (Alaska), 198lI-92; BC = British Columbia, 
1992-94; CR = Columbia River Estuary, 1980-87; OR = Oregon, 1979-92; GY = Greatei Yellowstone, 1976-83; CN = Chipewa National 
Forest (Minnesota), 1979; MN = Minnesota inland, 1982-86; VN = Voyageurs National Park (Minnesota), 1987-93; MI = Michigan 
State, 1983; LN = Lake Nipigon, 1971 ; LS = Lake Superior, 1982-86; LH = Lake Huron, 1982-86; SK = Saskatchewan, 1973-81; NO = 
Nortb West Ontario, 198 1 ; EN = Everglüdes National Park (Florida), 1988; ME = Maine, 1982-92; NB = New Brunswick, 1974-80; N S  = 

Nova Scotia, 1968; LB = Labrador, 1970-73; NF = Newfoundland, 1996-97. For refcrences see Appendix 2.1. 



KI PW BC CR OR GY CN MN VN MI LN LS LH SK NO EN ME NB NS LB NF 

Location 

Fig. 2.8. Mean chick production in 2 1 bald eagle populations from western ihrough io eastem North Amenca. Study site 
abbreviations and references same as in Fig. 2.7. 



Chapter 3. Contaminant Burdens of Bald Eagles in Placentia and 

Bonavista Bays, Newfoundland 

3.1 Introduction 

The bald eagle population in Placentia Bay has been potentially exposed to 

marine chronic pollution from local industrial activities such as the oil refinery in Corne 

by Chance, the US military naval base in Argentia, the phosphorus plmt in Long Harbour 

and the intense shipping traffic in the area. Contaminants transported atrnospherically or 

through ocean currents are another possible source of chronic pollution in PIacentia Bay. 

Toxicological analyses of lobster tissues in Placentia Bay have already shown 

bioaccumulation of some organochlorine residues and of mercury (Jacques Whitford 

1996). Future industnalization of the bay (i.e. Hibernia's oil transshipment and storage 

facilities and the proposed iNCO's nickel smelter) c h e s  with it further potential 

increase in chronic pollution and could be a threat for a sensitive apex predator such as 

the bald eagle. 

Establishing contaminant baseline data in bald eagles in Placentia Bay is essential 

For gauging the potential impact of future local polluting activities. Moreover, it is still 

important to monitor contaminants in top predators in relatively rernote and pristine 

northem regions such as Newfoundland, regardless of industrial development (Fumess 

1993). 

This study investigated the curent toxicological status of the breeding population 



of bald eagles in Placentia Bay, and established baseline data pnor to further industrial 

development. The target contarninants were organochlonnes (e.g. DDE, PCBs) and heavy 

metals (e.g. mercury, lead, cadmium, nickel). Contaminant burdens of bald eagles in 

Placentia Bay were compared to contaminant burdens of bald eagles in a non- 

industrialized reference site (Bonavista Bay). This study tested the hypotheses that: i) 

contaminant concentrations in bald eagle nestlings would be higher in Placentia Bay than 

in Bonavista Bay; ii) contaminant concentrations in bald eagle nestlings would be lower 

in Newfoundland than in more heavily industrialized regions (Le. Great Lakes and 

Maine). The hypothesis that contaminant levels would be higher in Placentia Bay than in 

Bonavista Bay was mainly focused on PCBs because there is a known local source of 

PCB pollution at the Amencan Naval Base in Argentia (Placentia Bay) and PCBs have 

already been detected in tissues of lobsters near the site (Jacques Whitford 1996). 

Therefore, tests presented in this study that investigated patterns of contaminant 

distribution in the study areas were designed in relation to Argentia as a potential source 

of local PCB pollution. However, it is also acknowledged that there are other potential 

local sources of pollution in Placentia Bay (e.g. Long Harbour Phosphorus Plant, Corne 

by Chance Oil Refinery), fiom which there are no available marine contaminant data. 

DDE, other organochlorines and mercury were investigated because of their widespread 

dispersion by atmosphenc and oceanic transport (Nontrom et al. 1988; Fumess 1993). 

Mercury and other metals were also investigated to obtain baseline data before the 

potential development of mining-related activities in Placentia Bay (Le. the proposed 



nickel smelter in Argentia), and before Further development of the oil industry. 

Pollutants were determined in bald eagle eggs and in blood and liver samples 

fiom eaglets. Blood samples were systematically collected in Placentia Bay in 1996 and 

1997, and in Bonavista Bay in 1997 (see Figs. 3.1 and 3.2). Blood samples fi-om the non- 

industnalized Bonavista Bay were used as a reference group for comparison of 

contaminant levels, and to help distinguish background contamination from local sources 

of pollution in Placentia Bay. Addled eggs and nestling carcasses were collected when 

found in the nests and provided additionai information on contaminant bioaccumulation. 

Potential differences between eagle pairs in dietary habits and trophic level were 

investigated by studying prey remain composition and by conducting isotopic analyses of 

blood samples. Traditiondl y, a combination of prey remain analyses and direct 

observation of feeding events were needed to accurately assess diet composition in bald 

eagles. However, isotopic analyses of tissue samples is currently an alternative technique 

to assess trophic relationships in birds (Hobson and Montevecchi 1992; Hobson et al. 

1994; Sydernan et al. 1997). Stable nitrogen isotopes are used to predict trophic position 

and stable carbon isotopes are used as indicators of inshore vs. offshore feeding 

preferences in marine environrnents (Hobson et al. 1994). Stable nitrogen isotopes were 

used in this study to compare the trophic level of bald eagles between and within study 

areas, and to investigate relationships between contaminant concentrations and trophic 

level, 



3.2.1 Collection of biological samples 

Sampling was conducted in late lune-early July in both breeding seasons. Nest 

sites were approached by boat and accessed by rock and tree climbing techniques for the 

collection of blood and feather samples. Only one nestling per nest was sampled since 

other studies show no significant differences in contaminant levels among siblings 

(Welch 1994). Nestlings were sampled when they were approximately six to eight weeks 

of age ( = 44 days; range = 23-57 days). Sarnpling frorn eaglets consisted of withdrawing 

12- 15 cc of blood from the leR brachial vein and clipping 5-7 breast feathers. The volume 

of blood collected was calculated based on body mass, and always under 1 % of the 

bird's body mass. The blood collecting methodology di ffcred from 1996 to 1997. Blood 

was collected using a heparhized 20 cc syringe and 23 ga needle and was then transferred 

into a 15 ml heparanized vacuum tube (vacutainerR ##6489 green-top) in 1996. Blood was 

withdrawn directly fiom the vein into rnetal-free 7 ml heparanized vacuum tubes 

(vacutainerE ##369736 blue-top) by using a 23 ga butterfly blood withdrawing set 

(vacutainerg #6253) in 1997. This last procedure prevented blood fiom contacting 

contaminated surfaces (Le. syringe, 15 ml non metal-£iee vacutainer). Blood samples 

were kept in a cooler until being processed at the end of the day in camp. Addled eggs 

collected from the nests were kept refigerated until analyzed in the chemical laboratory. 

A physical exam, which involved recording the condition of plumage, breast muscle, 



crop, eyes, mouth, nostrils, ear, feet and extemal parasite load was conducted on each 

nestling. Prey remains and adult feathers were also collected fiom nest sites. Two dead 

nestlings hllen fiom the nest, found in Placentia Bay in 1997, were preserved frozen and 

were later necropsied. Liver, kidney, muscle, brain and fatty tissue samples were taken 

and preserved fiozen in chemically-clean glassware for chemical analyses. 

Two adult bald eagles that had been found dead in the province (one in Notre 

Dame Bay and one with no recorded location) prior to this study, and that had been stored 

frozen by the NWLD, were necropsied and sampled following the same procedures used 

with the two dead nestlings. The results were included in this study because they are the 

first contaminant data from adult bald eagles in Newfoundland. 

3.2.2 Processing of samples 

Blood sarnples were processed daily in camp in the following manner: 4-6 cc O €  

whole blood was frozen at -20 C in chemically-clean (nitnc-acid rinsed) criovials or in 

the sarne metal-free vacuum tubes where blood was collected for metal detemination; 

0.3 cc ofwhole blood was refngerated at 4 C for DNA analysis. The remainder of the 

blood was centrifuged for plasma separation. Three to six cc of plasma were Frozen at 

-20 C in chemically-clean (acetonehexane rinsed) g l a s  tubes for organochlorine 

analysis, 1-2 cc of plasma were frozen in liquid nitrogen for hormone determination, and 

the remaining blood cells were also frozen in liquid nitrogen for DNA and isotopic 

analysis. Procedural blank sarnples consisting of chernically-clean water were collected 



through the same equipment used to collect blood and were processed and stored in the 

same way as the whole blood and plasma for quality control of metal and organochlorine 

resuits. Blood smears were prepared, fixed ( ~ y t o s ~ r a ~ "  # 15 1, Pharma Science Inc.) and 

stained ( ~ i f f - ~ u i c k "  Stain Set, Dade Diagnostics) for parasite examination. Plasma, 

whole blood, eggs. tissue and feather samples were sent (preserved in dry ice or 

refngerated) to the Canadian Wildlife Service National Wildlife Research Center 

(NWRC) in Hull, Quebec, for mercury and organochlorine analyses. Whole blood was 

sent to the Biochernistry Laboratory at Memorial University of Newfoundland (MUN) for 

other metal (lead, cadmium, nickel, cobalt, aluminum, zinc, manganese, molybdenum) 

analyses. 

Eggshell thickness was measured in the NWRC using a 0.001 mm dia1 indicator 

(Fowler & NISK, Digitnx II). Shell measurements were taken at the midline and included 

the inner membrane. An average thickness was determined from five measurements for 

each egg. 

3.2.3 Chernical anrlysis of samples 

Organochlorine determination in plasma, egg and liver tissues was conducted by 

gas chromatography-mass spectrometry using a Hewlett Packard gas chrornatograph 

mode1 5890 Senes II, coupled to a HP mass selective detector HP 5971. Methods of 

analyses are described in Turle and Nostrom (1987), Jarman et al. (1 992) and in the 

NWRC Labontory Service Manuals MET-CHEM-OC-O2A and MET-CHEM-OC-O 1 A . 



Briefly, plasma samples were deproteinized with methanol and intemal standards were 

added at the time of deproteinization. Lipid-OCs/PCBs were extracted with hexane. 

Liver sarnples were dehydrated by grinding with excess anhydrous sodium sulfate and 

co lmn extracted with 50% methylene chloride in hexane. The hexane extract of al1 

samples was evaporated to about 2 ml and cleanup conducted by Florisil column 

chromatography. Quantitative analysis of OCs and PCBs was performed using a capillary 

chromatogaph, coupled with a mass selective detector operated in selected ion 

monitoring mode. The sample was injected twice. The fint injection was designed to 

determine OCs by using 21 OCs standards and the second injection to determine PCBs by 

using .4roclor lZJZl25W 260, (1 : 1 : 1) quantitation standard mixture. Aliquots of the 

hen-ing gull diluted egg pool Reference Material were included for quality control. Lipid 

content was detemined by S ulpho-Phospho Vanilin Reaction (Frings el al. 1 972). 

Recoveries of intemal standards ranged from 74 % to 104 %. Using Aldrin as surrogate, 

al1 residues were corrected for extraction and evaporation recovery. Deteciion limits were 

0.0001 ppm for both OCs and PCBs. 100 % of the samples analyzed had values above the 

detection limits for both DDE and PCBs. 

Mercury in blood, egg and liver tissues was analyzed by cold vapor technique 

using a 3030-AAS (Perkin-Elmer) equipped with VGA-76 (Varian) hydride generator 

and PSC-55 (Varian) autosampler. The standard procedure used is described in the 

NWRC Laboratory Service Manual MET-CHEM-AA-03C. Briefly, liver and egg tissues 

were weighed out into g las  pre-weighed, acid-washed test tubes, Freeze-dried and their 



dry weights were recorded. Blood sarnples were weighed out into g l a s  test tubes and wet 

weights were recorded. For digestion, 0.5 ml deionized water and 1.0 ml HNO, (70%) 

were added to each test tube. Sarnples were then heated, Ioosely capped, at 70 C for 1 hr. 

ARer cooling, 1 .O ml of H,SO, (95-97 Oh) and then 0.5 ml of HCl(37 %) were added. 

They were heated again at 70 C for 2 hours. Afier cooling the volumes were adjusted to 

10 ml with 2 m M  K,Cr,O, in 3 % HCI. Volumes were then adjusted to 20 ml with 9.9 ml 

1.5 O/u HCl and 100 pg octanol. The accuracy of the analysis was determined by analyzing 

standard reference material DOLT-2 (dogfish liver) and DORM-2 (dogfish muscle). Two 

hlanks were also included in each set of digestion. All blood samples and one random 

liver sarnple were analyzed in duplicate. Recoveries of reference materials were within 

the certified range. The detection limit was 0.04 ppm wet wt for blood samples, 0.1 ppm 

dry wt for egg samples and 0.03 pprn wet wt for livrr samples. 100 % of the samples 

analyzed had rnercury concentrations above the detection limits. 

Other metals in blood samples were analyzed by Inductively Coupled Plasma- 

Mass Spectrometry (ICP-MS) with an Elan Mode1 250 and methods of analysis are 

descnbed by Friel et al. (1990). For tissue preparation blood samples were air-dried to 

constant mass in a drying oven (Fisher Scientific Co.) ovemight at 55 C. Dned sarnples 

were weighed accurately into the Teflon cup (Teflon PFA) of a high-pressure microwave 

acid-digestion bomb (Parr Instrument CO.) Sub-boiling doubly distilled concentrated 

nitric acid (2ml) was added to the organic tissue and the vesse1 was sealed. Sarnples were 

digested in a conventional microwave oven (Panasonic, mode1 NE-6660C, 700 W), 



containing a rotating tumtable. The digestion vesse1 was then cooled in a Freezer (-20 C) 

for 30 min. An additional 0.1 g of the sample was added directly to the initial digestion, 

followed by 1 ml of nitric acid. The digestion and cooling were repeated as described 

above, and the final sample preparation was washed into an acid-washed Teflon beaker 

with de-ionized water. Samples were transferred to a hot-plate at 90 C and boiled to near 

dryness. Standard reference material 1577a (bovine liver) was included for quality 

control. Two blanks and sample duplicates were included in each set of digestion. 

Recoveries of standard reference material were within the certified range except for Pb, 

for whic h recovery values were one order higher than the values of the standard reference 

material. Therefore. Pb concentrations in blood samples were considered unreliable and 

are not reported. For Ni and Al there were no standard reference matenals. Although 

duplicate samples had very close values, it is not possible to veri fy the accuracy of the 

results. For this reason these two elements are also not reported. Detection limits of the 

metals reported (expressed in wet weight) were: 0.05 ppm for copper (Cu); 0.004 pprn 

for manganese (Mn) and cobalt (Co); 0.05 for cadmium (Cd); 0.001 ppm for 

molybdenum (Mo). The percentages of samples having detectable concentrations of Cd, 

Co, Cu, Mn and Mo were 22 %, 48 %, 100 % , 100 % and 52 %, respectively. 

Lead was analyzed in liver samples at the MNRC by Graphite Furnace Atomic 

Absorption Spectrometry (GFAAS) using a Perkin Elmer 3030b equipped with a 

Deuterium Background Corrector. The standard procedure used is descnbed in the 

NWRC Laboratory Service Manual MET-CHEM-AA-02C. Preparation, digestion and 



quality assurance of sarnples followed the methodologies described for mercury analyses. 

Determinations were made with the calibration perfonned versus acid standards (10% 

Nitric Acid ). The detection limit in the digest under these conditions was 0.005 pg/ml 

(0.10 pg/g dry wt. in tissue for 0.7g sarnple). Recovery of reference material was 90.5% 

and 90.9% for DOLT-2, 106% for the analytical spike and 88% for the rnatnx spike. 

Feather sarnples were not analyzed and were archived in the NWRC for potentiai 

future analyses. Field procedural blanks were included in al1 chernical analyses. Al1 

toxicology results are given in ppm (pg/g) in wet weight (ww), unless otherwise 

indicated. 

3.2.4 Dietary analyses 

Prey remaitzs 

Prey remains, pellets and a sarnple of fine nest material (to check for fish scales 

and other small remains) were collected from the nest bowl and nest-site surroundings. 

Prey remains were classified as fishes, birds and mamrnals. Prey remain composition is 

expressed as percent occurrence of minimum nurnber of individuals for each of the three 

prey classes (Todd et al. 1982; Knight et al. 1990). Nests were also individually 

categorized by their prey remain composition: the first category included nests that had 

al1 or mostly fish remains; the second category included nests that had about equal 

proportion of bird and fish remains; the third category included nests that had al1 or 



mostly bird remains. 

Stable isotopes 

Stable isotope ratios 1 5 ~ /  ''N and ' 3 ~ / 1 ' ~  were determined in 12 blood samples 

from Placentia Bay and 6 blood samples from Bonavista Bay collected in 1997. For 

analysis, dried blood samples were loaded into t h  cups and combusted at 1850 C in a 

Robo-Pre elemental analyzer interfaced with a Europa 2020 continuous flow isotope 

ratio mass spectrometer (CFIRMS). For every 5 unknowns, two standards were measured 

in sequence. Based on thousands of measurernents, analytical error is estimated to be * 
0.3 per mil for "N and * 0.1 per mil for "C . Stable-isotope concentrations in blood 

sarnples are reported in delta notation as parts per thousands according to the following: 

where .Y is "N or "C and R is the corresponding ratio 1 5 ~ / 1 4 ~  or I3c 1 " ~ .  R,,,, for 

and "C are atmospheric N2 (AIR) and the PDB standard, respectively. 

3.2.5 Statistical analysis 

Contaminant data, expressed in ppm (wet weight), were transformed to log,, to 

achieve a normal distribution and geometric means were calculated. The logarithmic 

transformation was success h l  in normalking the data. Contaminant data were not lipid- 



nonnalized for statistical analyses since there were no strong correlations between log- 

transformed concentrations of DDE, PCBs or rnercury and plasma lipid concentrations (r 

= 0.07, r = 0.2 and r = 0.2, respectively). When samples had contaminant concentrations 

below the analytical detection limit, a value of one half the minimum detection limit was 

assigned. 

One-way ANOVAs were used to test differences in the mean residue 

concentrations between years in Placentia Bay and between Placentia and Bonavista 

Bays. Since there were no significant differences in the mean residue concentrations for 

any contaminant in 1996 and 1997 in Placentia Bay, contaminant data from both years 

were then lumped together to calculate the mean residue concentrations used in Further 

statistical analyses. Replicate samples From the different years from the same nest were 

averaged and treated as one single independent sarnple (this was done to avoid 

duplicatine the same sample based on the assumption that the same breeding pair 

occupied the same nest both years). 

Nests h m  Placentia Bay were grouped into NEAR and DISTANT to test 

differences in contaminant concentrations in relation to proximity to a potential local 

source of pollution in Argentia on the east side of the bay. The following cnteria were 

used to classi@ the nests as NEAR or DISTANT: i) nest distance to Argentia, calculated 

on a straight line with Mapinfo; ii) probable foraging range of the breeding pair (Le. on 

the south-east side or on the north-west side of the bay); iii) location of nests in relation to 

surface ocean current direction (Le. up/down current and distance fiom source of 



pollution). Results of this classification are s h o w  in Fig. 3.1, by means of an artificial 

boundary line on the map. A buffer zone was projected between the NEAR and 

DISTANT groups. but this generated a small sample size in the two categones of nests 

because most nests were located in an intermediate zone in relation to distance to 

Argentia. NEAR nests were located on the east coast of the bay, Long Island and the east 

coast of Merasheen Island. DISTANT nests were located on the west coast of Merasheen 

Island, and the west and northwest coast of the bay. One-way ANOVAs were used to test 

differences in the mean contaminant concentrations of these two groups (with and 

without the buffer zone), and between each of these and the reference sample group from 

Bonavista Bay. Lastly, to investigate a gradient of contaminant concentrations, 

relationships between pollutant levels in nestling tissues and nest distance to Argentia (as 

a continuous variable) were also assessed using regression analyses. 

Dietary analyses were conducted to test for differences in trophic level (between 

bald eagles fiom the two study areas and between groups in Placentia Bay). Differences 

in prey remain composition between study areas. groups of nests in Placentia Bay and 

years were examined with a chi-square test of independence and a Fisher's exact test. 

Duplicate sarnples of prey remains collected at the sarne nest site in different years were 

combined and treated as one sample for statistical analyses. Differences in the means of 

stable isotope ratios ' 5 ~  and "C between study areas and between the NEAR and 

DISTANT groups in Placentia Bay were tested with a one-way ANOVA. Differences in 

contaminant concentrations in relation to the prey remain category of the nests were 



investigated with a one-way ANOVA. Relationships between contaminant concentrations 

and isotopic values were also investigated using regression analyses. Relationships 

between trophic level and distance to Argentia were also investigated using regression 

analyses, to account for any coincidental patterns between contaminant concentrations 

and trophic level in relation to nest distance to Argentia. 

Finally, relationships between chick production, chick body condition, 

contaminant concentrations and distance to Argentia were also studied using correlation 

analyses. 

Randomization (10,000 mns; Adams and Anthony 

tests were conducted to defend parametric test results whel 

1996) and/or Kmskal Wallis 

I residuals from the ANOVAs 

did not show ri normal distribution. A value of = 0.05 was used in al1 tests. Statistical 

tests were conducted with Minitab and Systat. 

3.3 Results 

3.3.1 Contaminants in blood, egg and liver snmples 

3.3.1.1 Cootaminants in nestling plasma and whole blood 

Twenty one blood samples collected in Placentia Bay (1 0 from 1996, 11 from 

1997) and six blood samples collected in Bonavista Bay in 1997 were submitted for 

chernical analyses. Geometric mean concentrations of the main contaminants detected are 



surnrnarized in Table 3.1. A surnrnary of the results of the statistical analyses conducted 

to test differences in contaminant concentrations between both bays is shown in Table 

3.2. In the results of the statistical analyses, p-values fiom randomization tests (pnJ are 

reported following the p-value from the ANOVA when the residuals from this parametric 

test did not have a normal distribution. Al1 results are based on the cornparison of the 

means of the log ,,-trans forrned contaminant concentrations. Since there were no 

significant differences in the mean concentrations of any contaminant between 1996 and 

1997 in Placentia Bay (see below), data were pooled across years for further statistical 

analyses. Contaminant concentrations of replicate samples (four nests were sarnpled in 

both 1996 and 1997) were averaged and treated as a single independent data point for 

each nest. 

Organ oclrlorir~es 

In Placentia Bay, plasma concentrations of DDE and PCBs were 0.1 ppm in al1 

sarnples (Appendix 3.1). niere were no significant differences in mean concentrations of 

DDE and PCBs between years (F,,,, = 0.58; p = 0.4 n = 21, p,, = 0.1 and F,,, = 1.92; p 

= 0.2, p,, = 0.1, respectively). Mean concentrations of PCBs and DDE in blood samples 

collected From NEAR nests were higher than in blood sarnples from DISTANT nests (F,, 

, , = 4.7; p = 0.04 and F ,. ,, = 4.22; p = 0.05, respectively), although these differences only 

approached significance for PCBs when a non-pararnetnc randomization test was 

conducted (n = 17, p,, = 0.05 and n = 17, p,, = 0.06, respectively). In Bonavista Bay, 



plasma concentrations of DDE and PCBs were 0.04 ppm in al1 samples (see Appendix 

3 2). 

Geometric mean concentrations of DDE and PCBs in nestling plasma were 

significantly higher in Placentia Bay than in Bonavista Bay (Table 3.2, Fig. 3.3). 

Geometric mean contaminant concentrations in plasma samples from NEAR and 

DISTANT nests in Placentia Bay were compared independently with mean contaminant 

concentrations in plasma samples from nests in Bonavista Bay. Results of the statistical 

analyses conducted are given in Table 3.3 and show that : i) mean concentrations of PCBs 

and DDE were significantly higher in NEAR nests than in nests in Bonavista Bay; ii) 

mean concentrations of PCBs and DDE were not sipificantly different between 

DISTANT nests and nests in Bonavista Bay. 

Residue concentrations of other organochlorines were under 0.005 ppm in al1 

samples, and in many cases under detectable levels, and are given in Appendix 3.3. 

Metals 

In Placentia Bay, mercury concentrations in whole blood were under 0.3 ppm in 

al1 samples (Appendix 3.1) and there were no significant differences in mean 

concentrations between years (F,, ,, < 0.001; p = 0.9; p, = 0.3). Concentrations of other 

metal residues (i.e. cobalt, copper, molybdenurn, cadmium, manganese) in whole blood 

were relatively low (see Appendix 3.1). There were no significant differences in mean 

mercury concentrations between the NEAR and DISTANT groups (F,+ ,, = 1.78; p = 0.2; 



p,, = 0.2). Mean concentrations o f  other metals were not significantly different between 

NEAR and DISTANT nests either (magnesium F,, ,, = 0.54, p = 0.47; manganese FI, ,, = 

1.5, p = 0.2; cobalt FI, ,, = 1.23, p = 0.3; copper FI,  ,, = 0.61, p = 0.4; zinc F,, ,, = 0.26, p = 

0.6; and molybdenum FI, ,, = 1.01, p = 0.3). Only 17 % (3 out of 17) of the szmples had 

detectable concentrations of cadmium and therefore an ANOVA test was considered 

inappropriate. 

In Bonavista Bay, mercury concentrations in whole blood were under 0.3 ppm in 

al1 samples and otlier metal residues were present in low concentrations (Appendix 3.2). 

There were no significant differences in geometnc mean concentrations of 

mercury = 1.44, p = 0.2). copper (FI,,, = 0.41, p =OS), cobalt (FI2 ,  = 0.3, p = 0.6) 

and manganese (F,,, = 1.67, p = 0.2) between bays. while molybdenum was significantly 

higher in Placentia Bay (F,,, = 14.32, p = 0.003) (none of the samples from Bonavista 

Bay had detectable concentrations of this metal). 

3.3.1.2 Contaminants in eggs 

Two addled eggs were collected in Placentia Bay, one in 1996 and one in 1997. 

Mean concentrations of DDE, PCB and mercury are given in Table 3.1. Other 

organochlorine residues are given in Appendix 3.3. Eggshell thickness for the two eggs 

were 0.556 mm and 0.555 mm. 



3.3.1.3 Contaminants in liver 

Contaminant concentrations in the livers of the two dead nestlings found in 

Placentia Bay in 1997, and of the two dead adult bald eagles are given in Table 3.4. Liver 

concentrations oFDDE and PCBs were relatively low (< 5 pprn) in al1 sarnples. Mercury 

concentrations were also relatively low in the two adults ( = 5.45 ppm) and in the two 

nestlings ( = 0. 145 ppm). Lead concentrations were relatively low in the two adults ( = 

0.2 ppm) and below detection limits (< 0.02 ppm) in the two nestlings. Contaminant 

concentrations in the liver of the dead nestling from nest #33 c m  be compared to 

contaminant concentrations in the blood of its alive sibling (see Fig. 3.4). The ratios of 

nestling DDE (livedplasma), PCBs (livedplasma) and mercury (livedw hole b lood) 

concentrations were 1.6, 1 and 1.4, respectively. Mean concentrations of DDE, PCBs and 

mercury in liver from the two adults were 28-, 41- and 30-fold the mean concentrations of 

the two nestling livers, respectively (see Fig. 3.5). 

3.3.2 Dietary analyses 

3.3.2.1 Prey remains 

In Placentia Bay, prey remains collected from 22 nest sites in both years consisted 

of 69 % bird remains (mainly seabirds), 25 % fish remains and 5.5 % marnrnal remains. 

Seabird species were dominated by gulls ( L a m  spp.) and alcids (Uria spp.). Fish species 

included yellow-tail flounder (Limandu femginea), wolffish (Anarhichas sp), sculpin 



~~~~~wcephalus scorpioides). lump fish (Cycioptenu lumpris), cod (Gatius morhna), red 

Fish (Sebastes sp ), hemng (Clupea harengus) and lobster (Homents anierïcanru). 

Mammal remains included snowshoe hare (Leprts americanits). Percentages of 

occurrence of bird and fish remains were not significantly different either between years 

(n = 80, ' = 0.1; df = 1; p = 0.2) or between NEAR and DISTANT nests ( n = 80, ' = 0.07. 

df = 1. p = 0.7) 

In Bonavista Bay. prey rernains collected from 8 nests consisted of 50 ?/O bird 

remains, 40 % fish remains and 10 % rnammal remains. Bird remains were also 

dominated by gulls and alcids. Fish remains included flounder. hemng, cod and lump 

fish. Mammal remains included snowshoe hare. 

The percentages of occurrence of prey specimens in the three prey remain goups 

(fish, birds and mammals) in Placentia and Bonavista Bay are shown in Fig. 3.6. There 

were no significant differences in prey remain composition between Placentia and 

Bonavista Bays (n = 102, ' = 0.9, 1 df, p = 0.3). 

3.3.2.2 Stable isotopes 

"N and I3c values of 19 blood samples from Placentia and Bonavista Bay from 

1997 are shown in Appendix 3.4; mean values for each study area are s h o w  in Table 

3 .S. 

in Placentia Bay, mean concentrations of "N were not significantly different 

between MAR and DISTANT nests ( FI. ,, = 3.34, p = 0.09) while mean concentrations 



of "C were significantly more e ~ c h e d  in DISTANT nests than in NEAR nests (FI, ,, = 

10.29, p = 0.008). 

There were no differences in I5bJ blood mean concentrations between Placentia 

and Bonavista Bay ( F,, ,, = 1.69, p = 0.2) . Blood "C values were more e ~ c h e d  in 

Bonavista Bay than in Placentia Bay ( F,. ,, = 4.95, p = 0.05). Blood I3c values From 

nests in Bonavista Bay were significantly more enriched than "C values in NEAR nests 

( FI, ,, = 14.18, p = 0.003), but similar to "C values in DISTANT nests ( F,., = 0.05, p = 

0.8) 

3.3.3 Relations hips between con taminant concentrations in nestling blood, distance 

to Argentin and dietary trophic level 

Al1 relationships with DDE, PCBs and mercury are based on the log,,-transfonned 

contaminant data. DDE and PCB concentrations were negatively related to nest distance 

to Argentia (Figs. 3.7 and 3.8). There was no significant relationship between mercury 

and nest distance to Argentia (Fig. 3.9). 

There were no significant differences in DDE, PCBs, and mercury concentrations 

among nests classified in the three prey remain categories (F,, ,, = 0.75, p = 0.5, FL. Ir = 

1.07, p = 0.4 and F, -. Id = 0.17, p = 0.8, respectively). 

Concentrations of ',N in blood samples were not significantly related to either 

nest distance to Argentia (r = 0.16, i = 0.02, FI, , , = 0.24, p = 0.6 ), DDE plasma 

concentrations (r = 0.006, ? = 0.03, F,. ,, = 0.44, p = O S ) ,  PCB plasma concentrations 



(r = 0.04, 8 = 0.002. FI. ,, = 0.03, p = 0.8), or mercury whole blood concentrations (r = 

0.03, i = 0.001, FI, ,, = 0.02, p = 0.9). 

"C was positively related to distance to Argentia (r = 0.69; i = 0.48; F,,, = 8.3; 

p = 0.01 8) and negatively related to DDE (Fig. 3.10) and PCBs (Fig. 3.1 1). There was no 

significant relationship between and rnercury (Fig. 3.12). 

3.3.4. Relationships behveen chick production, chick body condition and 

contaminant concentrations 

Nest chick production in 1996-97 was not correlated with nestling plasma 

concentrations of either DDE (r = 0.02) or PCBs (r = 0.07). or with whole blood 

concentrations of mercury (r = 0.2). Body condition index was not correlated with 

nestling plasma concentrations ofeither DDE (r = 0.09) or PCBs (r = 0.04), or with whole 

blood concentrations of mercury (r = -0.02). 

3.4 Discussion 

3.4.1 Contaminant burdens in bald eagles in Placentia and Bonavista Bays 

Mean concentrations of DDE, PCBs, mercury and other metals in nestling blood 

were low in general in both study areas. Geometric mean concentrations of DDE and 

PCBs in plasma were below 0.1 and 0.4 ppm (ww), respectively, values above which 

overall productivity fell under one nestling/occupied nest in ten bald eagle sub- 



populations in the Great Lakes region (Bowerman et al. 1995). Relationships between 

rnercury concentrations in nestling blood and reproductive success have not been clearly 

established yet, pnmarily due to the common association of mercury and organochlorine 

residues (Bowerman et al. 1994, 1995). However, geometric mean concentrations of 

mercury in nestling feathers in the Great Lakes region, ranging from 13 to 11 ppm. were 

not correlated with the population's productivity or nest success (Bowerman et al. 1994). 

Nestling blood mercury concentrations in the present study are well below the levels 

found in the Great Lakes, which had no effect on reproduction'. 

DDE mean concentrations in nestling plasma were significantly higher in 

Placentia Bay than in Bonavista Bay. Although DDE residues are very low in al1 

nestlings and couid be due to background atmospheric deposition or oceanic transport, 

the east side of Placentia Bay is more heavily populated by humans and developed than 

the study area in Bonavista Bay. NEAR nests on the east side of Placentia Bay also had 

higher concentrations of DDE than DISTANT nests on the northwest side of the bay, and 

than nests in Bonavista Bay. Finally, regession analyses showed a significant negative 

relationship between DDE concentrations and distance to Argentia. Al1 these results point 

to a possible local source of DDE From human activities on the more industrialized 

(American Naval Base and Long Harbour Phosphorus Plant) and populated east side of 

Placentia Bay. 

1 Blood IeveIs form Great Lakes nestlings were extrapoiated from the reported feather concentrations in 
Bowerman et al. (1994) for cornparison with the present study. Extrapolation was based on correlations of 
merciuy concentrations in blood and feathers from bald eagle nestlings found in other studies (Welch 
1994; Wood et al. 1995). 



Mean PCB concentrations in nestling plasma were higher in Placentia Bay than in 

Bonavista Bay. NEAR nests also had higher PCB concentrations than DISTANT nests 

and than nests in Bonavista Bay. There was also a negative relationship between PCB 

concentrations and distance to Argentia. The abandoned US naval base in Argentia has 

been identified as a potential local source of PCB contamination in Placentia Bay 

(Jacques Whitford 1996). These results also point to a local origin of PCB residues in the 

east side of Placentia Bay. 

Mercury concentrations in nestling blood were not significantly different either 

between bays or between NEAR and DISTANT nests. There was no relationship between 

mercury concentrations and distance to Argentia. Similar relatively low mercury 

concentrations in nestlings from both areas could be due to general background levels. 

Concentrations of other metals (cobalt, copper, cadmium, rnanganese) were low and 

similar in both bays, and may also reflect genenl background levels. 

DDE concentrations in the two eggs were relatively low and below the NOAEC 

(no observable adverse effect concentration) of 3.6 ppm (wv)  (Wiemeyer et al. 1993; 

Bowerman et al. 1995). PCB concentrations in both eggs were also below the NOAEC of 

4 ppm (ww) proposed by Bowerman et al. (1995). However, one of the eggs had PCB 

concentrations close to this value (3.5 ppm). Mercury concentrations in both eggs were 

also below 0.5 ppm (ww), the theoretical NOAEC proposed for bald eagle eggs 

(Wiemeyer et al. 1984). and below a theoretical LOAEC (lowest observable adverse 

effect concentration) of 1 pprn for white-tailed eagle (Haliaeetus albicilla) eggs given by 



Helander et al. (1982). DDE, PCB and mercury concentrations detected in the eggs show 

bioaccumulatiotion of these contaminants in adult fernales, but they do not necessarily 

represent a local source of contamination. Determination of wintering grounds of the 

breeding pairs would be necessary to account for other possible sources of contamination. 

DDE and PCB concentrations in the livers fiom the two adult eagles and the two 

nestlings were also relatively low and mercury concentrations fa11 within the ranges 

attributed to areas with little or no industrial sources of mercury (Scheuhammer 1987). 

Ratios of adulthestling liver mercury concentrations found in this study are higher than 

those reported by Wood et al. (1995). Lead concentrations in the livers fiom the two 

adults were relatively low and within the background levels found in adult bird species 

living in relatively uncontarninated areas (Scheuharnmer 1987). Lead concentrations in 

the livers of the two nestlings were below detection limits. Bald eagles in Newfoundland 

are potentially exposed to lead mainly through the ingestion of shot birds from the murre 

and seaduck hunt during the fa11 and winter months and, therefore, nestlings would not be 

directly exposed to this source of lead during the breeding season. 

In surnmary, this study supports the hypothesis that DDE and PCB concentrations 

in bald eagle nestling blood are higher in Placentia Bay than in Bonavista Bay, 

potentially due to local source of contamination. However, distance to a local source of 

pollution only explained 30-45 % of the variance in contaminant concentrations and other 

unidentified factors could also be playing a role. 



3.4.2 Diet of bald eagles in Placentia and Bonavista Bays and its relationship to 

contaminant concentrations. 

A possible factor influencing contaminant concentrations in bald eagles is a 

difference in dietary habits and trophic level. Bald eagles that feed mainly on seabirds, 

especially gulls, are known to bioaccumulate higher concentrations of contaminants than 

eagles feeding mainly on fishes or terrestnal herbivores (Kozie and Anderson 199 1 ; 

Welch 1994). Analyses of prey remains from both bays are similar to those found in other 

bald eagle coastal populations, where seabirds seem to dominate prey composition (Todd 

et al. 1982; Knight et al 1990; Welch 1994). Statistical analyses showed no significant 

differences in percentage occurrence of bird and fish remains between Placentia and 

Bonavista Bays, or between groups in Placentia Bay. 

Contaminant concentrations were not significantly different among nests 

classified in the three different trophic levels. Analyses of "N in nestling blood samples 

also showed no trophic di fferences between P lacentia and Bonavista Bays, or between 

NEAR and DISTANT nests in Placentia Bay. There was no relationship either between 

'% concentrations and nest distance to Argentia. Thus, differences in contaminant 

concentrations detected in this study do not seem to be due to differences in dietary 

trophic level arnong breeding pairs. 

On the other hand, values were more depleted in NEAR nests than in 

DISTANT nests and in nests in Bonavista Bay, and there was a positive relationship 

between I3C and distance to Argentia. Enriched "C values in birds in the marine 



environment have been related to a more inshorehenthic based diet, while more depleted 

I3c values have been related to a more offshore/pelagic based diet (Hobson et al. 1994). 

The group of DISTANT nests in Placentia Bay is located close to the head of the bay and 

the group of nests in Bonavista Bay is located in a long sound that begins in an estuary, 

also at the head of the bay. NEAR nests in Placentia Bay are mainly located on islands, 

closer to the mouth of the bay. This difference in geographical distribution of the 

breeding areas could influence "C values, where bald eagles foraging closer to estuarine 

habitats or fresh water systems would have a more terrestrialhenthic based dict than bald 

eagles foraging from the islands. However, al1 nests in Placentia Bay are located within 

the bay and distances From the islands to the mainland only range from 5 to 25 km. This 

would not categorize the islands as 'offshore'. Differences in prey composition (benthic 

versus pelagic) could also influence "C values. Analyses of prey remains did not show a 

clear difference in bird species composition between bays or between groups of nests in 

Placentia Bay. However, potential differences in fish species composition could not be 

determined fiom the prey remain study because of the small sarnple size. Differences in 

fish prey composition in the breeding pain could be due to differences in prey 

availability, to differences in foraging strategies and to supplementary feeding provided 

by fishennen at sorne nests. Direct observation of dietary habits are needed to provide 

more information on potential differences in diet composition arnong the breeding pairs. 

There was also a negative relationship between ')c values and DDE and PCB 

concentrations, but no relationship between 13c and mercury concentrations. The fact 



that mercury and other metals do not change with 13c could indicate that another factor 

(Le. distance to Argentia) is playing a more important role than I3c concentrations in the 

variation of DDE and PCB concentrations. However, relationships between 

organochlorine/metal bioaccurnulation and benthiclpelagic prey species should be further 

investigated. 

Finally, there was no significant relationship between contaminant concentrations 

and chick production or chick body condition index. Contaminant concentrations detected 

in this study were well below the burdens related with impaired reproduction and were 

not expected to be correlated with either chick production or body condition index. Other 

factors such as food availability and weather probably play a much more important role 

on chick production and on chick body condition in the two study areas. 

3.4.3 Cornparison with other bald eagle populations in North America 

DDE, PCB and mercury concentrations in nestling blood and in addled eggs from 

the main bald eagle breeding populations in North America in the 1 s t  two decades are 

shown in Figs. 3.1 3 and 3.14 and in Appendices 3.5 and 3.6. Newfoundland's DDE and 

PCB burdens are higher than those of Alaska and are in general lower than those of more 

industrialized regions such as the Great Lakes, Columbia River Estuary, British Columbia 

and Maine. However, mercury concentrations in blood and eggs from Placentia Bay are 

similar to those found in coastal bald eagles in Maine, coastal British Columbia, Flonda, 

and higher than those found in Alaska, Arizona, Ohio and Chesapeake Bay. A general 



increase in mercury background levels in aquatic systems due to atmosphenc deposition 

has been observed in the last two decades (Soreson et al. 1990). Also, natural variations 

in mercury levels are caused by a combination of geological, climatic and topographic 

influences, still not weil understood in marine environments (Rasmussen et al. 1998). 

Both atmosphenc deposition and natural factors could explain higher mercury burdens 

detected in relatively unindustrialized marine regions such as Newfoundland. 

In conclusion, these results support the hypothesis that contaminant levels are 

lower in Newfoundiand than in more industrialized regions in Nonh Amerka, with the 

exception of mercury that seems to have similar general background levels across al1 the 

North Amencan marine regions that were compared. 



Table 3.1 Geometric rnean contaminant (ppm, ww) and iipid (g/ml) concentrations, and ranges (in brackets) in bald eagle 
nestling plasma, whole blood and liver samples, and in bald eagle eggs from Placentia and Bonavista Bays, 1996-97. na = not 
analyzed; nd = below detection limii;' = conibined samples lion1 1996 and 1997; = same values; = plasnia concentration. 

Location Sample Residue geometric mean concentrations (ppm, ww) 

Lipid DDE PCBs Mercury Cobalt Copper Molybdenum Manganese 

Placentia Blood " 0.79 0.009 0.03 0.08 nd 0.39 0.003 0.07 
Bay (n = 1 7) (0.65-0.96) (0.001 -0.04) (0.01 -O. 1 ) (0.06-0.25) (0.2-0.8) (nd -.02) (0.03-0.1 ) 

Placentia Egg 4.9 1.7 3.1 0b2 na na na na 
Bay (n = 2) (4.1-5.9) ( 1.5-2.0) (2.9-3.5) 

Placentia Liver 2.6 0.04 O, l O. 1 na na na na 
Bay (n = 2) (2.57-2.61) (0.03-0.05) (0.13-0.16) 

Bonavista Blood 0.86 p 0.002 0.01 0.07 nd 0.3 nd 0.05 
Bay (n = 6 )  (0.7 1 - 1.2 1 ) (.0004-.005) (-008-0.04) (0.05-0.1 ) (0.2-0.5) (0.02-0.3) 



Table 3.2 Summary of siatistical analyses on differences in mean concentrations of DDE and PCBs (in plasma) and of 
mercury (in whole blood) in bald eagle nestlings froni Placentia and Bonavisia Bays, 1996-97. 

Contaminant Geometric mean concentration 
( P P ~ ,  ww) 

Statistic Signiiicant 
difference 

- - - 

Placentia Bay Bonavista Bay 
(n= 1 7) (n=6) 

DDE 0.009 0.002 F,,?, = 3.99; p, = 0.05 Y es 
p," = 0.03 

PCBs 0.03 0.0 1 

p, = p-value of F-distribution 
p,, = p-value of randomization 



Table 3.3 Summary of statistical analyses on differences in mean concentration o f  DDE and PCBs (in plasma) and mercury 
(in whole blood) in bald eagle nestlings froni the NEAR and DISTANT groups in Placentia Bay and from Bonavisia Bay, 
1996-97. PBNEAR= NEAR nests in Placentia Bay; = DISTANT nests iii Placentia Bay; BB = nests in Bonavista Bay. 
- - - - - - 

Compared groups N DDE PCBs hlercury 
. - -  

PBNwt 12 
F ,,,, = 4.7; pk =OB4 F 1,15 = 4.22; pF = 0.05 FI, , ,  = 1.78; pF = 0.2 

P B ~ i s ~ ~ ~ ~  5 p,,, = 0.05 p ,  = 0.06 p,, = 0.2 

PB,,, 12 
FI,lb ~ 1 8 . 1  ; pk = 0.001 FI,,, = 13.33; pF = F le,, = 1.65; p F = 0 . 2  

BB 6 p,, = 0.0 1 0.002 Pmn = 0.3 
p,, = 0.0 1 

p, = p-value o f  F-distribution 
p, = p-value of randomization 



Table 3.4 Contaminant concentrations (pprn, ww) in liver samples froni nestling and adult bald eagles in Newfoundland, 
1995-97. 

Nes t Age Location Year Residue concentration (pprn, ww) 

DDE Oxychlordaiie Dieldrin t-Nonachlor PCBs Mercury Lead 

33 nestling PlacentiaBay 1997 0.05 0.004 iid 0.0 1 O. 1 0.13 nd 

24 nestling Placentia Bay 1997 0.03 0.003 nd 0.006 O. 1 0.16 nd 

- adult unknown 1996 1.0 O. 1 O .  1 0.2 4.8 8.3 0.3 

- adult NotreDaiiieBay 1995 1.2 0.1 0.08 0.3 3.3 2.6 0.03 

nd = not detected. 
Detection limits: DDE, oxychlordane, dieldrin, t- Nonanchlor and PCBs, 0.001 ppni; niercury, 0.04 ppni; lead 0.02 ppm 



15 Table 3.5. Mean concentrations of stable isotopes N and ''c in bald eagle nestling 
blood from Placentia and Bonavista Bays, 1997. 

Location N Mean concentration (%O) SD 

Placentia Bay 13 

Bonavista Bay 6 15.71 * 0.19 -17.84 k O. 19 







DDE PCBs Hs 

pi,. 3.3. Geometnc mean (Gm) contaminant concentraiions (ppm, W) in bald eagle nestiin J plasma (DDE and PCBs) and 

blood (Hg) from Placentia and Bonavista Bays, 1996-97. Error bar = standard crror. 



DDE PCBs Mercury 

Fig. 3.4. Geometric mean contaminant concentrations (ppm, ww) in blood from bald eagle nestling #97-33a and in liver fiom 
bald eagle nestling #97-33b, Placentia Bay 1997, Newfoundland. These two nestlings were siblings. DDE, PCBs = plasma 
concentrations; mercury = whole blood concentrations) 
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1 H Nestling 1 

Fig. 3.5. Geometric mean contaminant concentrations (ppm, ww) in liver from two nestling and two adult bald eagles in 
Newfoundland, 1 995-97. 
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Fig. 3.12. Relationship between niercury concentrations (ppni, \w) and S "C (pp mil) iii bald eagle neçtling blood 
fiom Placentia and Bonavista Bays, 1997. 
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Fig. 3.13. Geometric mean contaminant concentrations in nestling plasnia (DDE and PCBs) and whole blood (mercury) fiom 
1 1 bald eagle breeding populations in the 1980-90's. Abbreviations are as follows: BC = British Columbia; CR = Columbia 
River Estuary, Oregon, 1984-86; CN = Chippewa National Forest, Minnesota, 1987-93; VN = Voyageurs National Park, 
Minnesota, 1987-93; MI = Michigan, 1987-93; ML = Lake Superior, 1987-93; LM = Lake Michigan, 1987-93; LH = Lake 
Huron, 1987-93; LE = Lake Erie, 1987-93; FL = Florida, 1991 -93; ME = Maine (coastal), 199 1-92; NF = Newfoundland 
(coastal), 1996-97. BC, CR, VN, MI, LS, LH and LE had not reported rnercury concentrations. FL liad not reported DDE and 
PCBs concentrations. References are given in Appendix 3.5. 



Fig. 3.14. Contaminant concentrations (ppm, ww) in addled eggs from 1 I bald eagle breediiig populations in the 1980-90's. 
Site abbreviations correspond as follows: AL = Alaska, 1983; BC = British Columbia, 1973-91; CR = Columbia River Estuary, 
1985-87; OR = Oregon, 1980-83; AZ = Arizona, 1982-811; WS = Wisconsin, 19SO-83; WL = Wiscoiisin shoreline of Lake 
Superior, 1983-88; OH = Ohio. 198 1-84; CB = Chesapeake Bay, 1980-84; FL = Florida, 198 1-83; ME = Maine (coastal), 
1991 ; NF = Newfoundland (coastal), 1996-97. Referrnces are given in Appendis 3.6. 



Chapter 4. General Conclusions and Management Recommendations 

4.1 General conciusions 

The two bald eagle breeding concentrations studied in Newfoundland had the 

highest densitics and reproductive success of the coastal populations reported in eastern 

North America. Bald eagles in Maine are considered to be the stronghold of the species in 

northeastem United States, but recent studies have shown an impaired breeding 

performance related to high levels of contarninants (Welch 1994). Bald eagles breeding in 

New Brunswick and Nova Scotia in the late 1990s exhibited reproductive parameters 

indicative of expanding populations. Therefore, eagles breeding in Atlantic Canada, and 

in particular in Newfoundland, seem to be important populations for the maintenance of 

the species' stability in northeastem North America. 

Placentia Bay is a very important breeding area for bald eagles in Newfoundland. 

Results from this study indicate that Placentia Bay has a higher breeding density of bald 

eagles and an overall higher production of eaglets than Bonavista Bay. However, more 

regular and systematic surveys are needed in Bonavista Bay to accurately assess 

population size and breeding density in a larger area than that surveyed in the present 

study. The current breeding densities and reproductive performance of bald eagles on the 

rest of the island, inland and in other coastal regions is unknown and needs to be studied. 

Because of climatological and ecological differences (laying dates, food 

resources), Bonavista is not an optimal site to use as a non-industrialized cornparison of 



bald eagle reproductive performance with Placentia Bay. Fortune Bay, which lies 

adjacent to Placentia Bay in the south coast of Newfoundland, might 5e a more 

appropriate comparative site. 

Current contaminant burdens in bald eagles in Newfoundland are relatively low 

and below levels associated with reproductive impairment. Cornparisons of contaminant 

levels in blood and plasma from eaglets between study areas point to an exposure of the 

bald eagle breeding population in Placentia Bay to a source of DDE and PCB pollution 

on the east side of the bay. However, part of the contaminant loads that the bald eagle 

chicks cany could have been transferred from their mothers via the egg (e.g. Welch 1994; 

Elliot 1995). Bald eagle females could be picking up contarninants dunng the winter From 

areas out of their breeding range. Therefore, overlapping in the wintering ranges of the 

E'emales From the two study areas could alter the significance of the differences in 

contaminant loads observed in the chicks From Placentia and Bonavista Bays. In 

conclusion, wintering ranges of adult bald eagles should be taken into account for an 

accurate interpretation of the differences in contaminant levels observed in the chicks 

from the two breeding areas. Little is known about the wintering population of bald 

eagles in Newfoundland. Bald eagles From Placentia and Bonavista Bay could be either 

wintering in their respective breeding areas, or they could have overlapping wintenng 

ranges in Placentia Bay and the south coast of Newfoundland, or they could be even 

migrating to regions outside of Newfoundland. A cornprehensive study of the wintering 

dynarnics of bald eagles breeding in Newfoundland is needed to address this matter. 



4.2 Management recommendations 

The bald eagle population in Placentia Bay, an area with increasing 

industrialization, should be monitored systematically to observe trends in population 

dynamics, reproduction and contaminant loads. Bowman et al. (1997) emphasize the 

importance of regular and ffequent surveys for providing reproductive baseline data in 

bald eagle populations exposed to human activities and specifically recornmend 

periodical surveys of the population at least every 4-5 years. However, they also note that 

in areas with oil tanker trafic or other potcntial hazards, the survey methods and intervals 

should be designed for the particular population, its status and the potential magnitude of 

the environmental threats. Wiemeyer et al. (1984) noted that trends in reproduction are 

more accurate indicators of population status than reproductive success values. Gnibbs et 

al. (1983) indicated that annual intervals are more suitable than surveys at less fiequent 

intervals for assessing trends in bald eagles. Elliot (1995) recommends a minimum of 

three years of consecutive annual collection of reproductive data to account for variability 

when establishing baselines in bald eagle populations. In summary, regular (preferably 

annual) reproductive surveys should be conducied systematically on the studied area in 

Placentia Bay, or at least in seiected sections of the study area. Survey rnethodology 

should follow that in the present study to maximize comparative value of data. 

With respect to monitoring programs designed for the purpose of environmental 

rkk assessments, it is important to emphasize that bald eagles should be monitored at a 

larger-scale level than at the level of individual nests in the immediate vicinity of 



industrial developments. The size of bald eagle foraging ranges and the mobility of their 

potentially contarninated prey can alter the modeled impact of local sources of pollution 

or other industrial activities on a breeding population. These factors should be accounted 

for and other breeding pairs than those located in the vicinity of the source of pollution 

should be included in monitoring prognms when necessary. A study on the foraging 

ranges of bald eagles in Placentia Bay is needed to understand the potential impact of 

industnal activities on the breeding population. Furthemore, in areas where bald eagles 

are residents al1 year long, such in Newfoundland, wintering grounds should also be 

considered in environmental impact studies. 

Reproductive performance has been until present the main parameter used to 

assess the stability of raptor populations and the impact of chronic pollution. However, in 

the case of long-lived species with delayed breeding, such as the bald eagle, survival rates 

and longevity play critical roles on population growth and stability (Grier 1974, 1982; 

Bowman et al. 1995). Efforts should be made to monitor bald eagle survival rates, as well 

as reproductive performance. especially in areas submitted to long-term industnal 

activities such as Placentia Bay. Newfoundland bald eagles are thought to be resident on 

the island, but there are no studies on dispersal patterns of young, wintering grounds, and 

survival rates, and these should be investigated. 

Efforts should be made to collect and analyze carcasses of adult eagles found dead 

around the province, especially in Placentia Bay, andor blood samples from injured 

eagles that are brought to the rehabilitation center in Salmonier Nature Park. This would 



provide more information on the toxicological status of adult bald eagles in 

New foundland. 

Although not included in the present study, chronic oil pollution is another 

concem in Placentia Bay. Bald eagles are potentially exposed to the chronic ingestion of 

oiled birds and to direct oiling fiom chronic or accidental spills during their fishing and 

hunting activities. The increased risk, due to oil industry development, of an accidental 

large-scale oil spi11 and of increases in chronic oil pollution further emphasize the 

importance of regularly monitoring the bald eagle population in Placentia Bay. 



Literature Cited 

Adams, D.C. and Anthony, C. D. 1 996. Using randomization techniques to analyze 

behavioral data. Anim. Behav. 5 1 : 733-3 8. 

Anthony, R.G. , Garret. M G .  and Schuler, C.A.. 1993. Environmental contaminants in 

bald eagles in the Columbia River Estuary. J. Wildl. Manage. 57(1): 10- 19 

Anthony, R.G. , Frenzel, R.W., Isaacs, F.B. and Garret, M.G. 1994. Probable causes of 

nesting failures in Oregon's bald eagle population. Wildl. Soc. Bull. 22576-582. 

Blondin, 0. and Viau, C. 1992. Benzo(a)pyrene-blood protein adducts in wild 

woodchucks used as biological sentinels of environmental polycyclic aromatic 

hydrocarbons contamination. Arch. Environmen. Contam. Toxicol. 23:3 10-3 15. 

Bortolotti, G R .  1984. Criteria for determining age and sex of nestling bald eagles. J.  

Field Omithol., 55(4):467-48 1. 

Bowerman, W.W. 1991. Factors infiuencing breeding success of bald eagles in upper 

Michigan. M.A. thesis, Northem Michigan University, Marquette. 1 1 3pp. 



Bowerman, W. W. 1993. Regulation of bald eagle (Haliaeetus leucoce~halus) productivity 

in the Great Lakes Basin: an ecological and toxicological approach. Ph.D. 

dissertation, Michigan S tate University, East Lansing, 29 1 pp. 

Bowerman, W. W., Evans, E.D., Giesy, J.P. and Postupalsky, S. 1994. Using feathers to 

assess risk of mercury and selenium to bald eagle reproduction in the Great Lakes 

region. Arch. Environm. Contarn. Toxicol. 27294-498. 

Bowerman. W. W., Giesy, J.P., Best, D.A. and Kramer, V.J. 1995. A review o f  factors 

affecting productivity of bald eagles in the Great Lakes region: implications for 

recovery. Environ. Health Perspect. 103 Suppl. 4:5 1-59. 

Bowman, T.D., Schempf, P.F. and Bematowicz, J.A. 1993. Effects o f  the Exxon Valdez 

oil spill on bald eagles. Exxon Valdez Oil Spill State and Fed. Nat. Resour. 

Damage Assess. Final Rep., Bird Stud. 4. U.S. Fish and Wildl. Serv., Anchorage, 

Alaska, 140 pp. 

Bowman, T.D., Schempf, P.F., and Bematowicz, LA. 1995. Bald eagle survival and 

population dynamics in Alaska after the Exxon Valdez oil spill. J. Wildl. Manage. 

59(2): 3 17-324. 



Bowman, T.D. Schempf, P.F. and Hodges, 5.1.IW7. Bald eagle population in Prince 

William Sound after the Exxon Valdez oil spill. J. Wildl. Manage. 61(3):962-967. 

Brazil, I. Endangered species biologist. New foundland and Labrador Inland Fish zcqd 

Wildlife Division. St. John's, Newfoundland. 

Buehler, D.A., Mersmann, T.J., Fraser, J.D. and Seegar, J.K.D. 199 1. Effects of human 

activity on bald eagle distribution on the northem Chesapeake Bay. J. Wildl. 

Manage. 55(2):785-290. 

Burton, J.D. and Stratham, P.J. 1990. Trace Levels in Seawater. Heavy Metals in the 

Marine Environment. Furness and Greenwood eds. 

Butler, R.G., Peakall, D.B., Leighton, F.A., Borthwick. J. and Harmon, R.S. 1986. Effects 

of Cnide Oil Exposure on Standard Metabolic Rate of Leach's Storm-Petrel. The 

Condor, 88248-249. 

Cade, T.I., Lincer, J.L. and White, CM.  1 97 1. DDE residue and eggshell changes in 

Alaskan faIcons and hawks. Science, 1 72:955-957. 



Cairns, D.K., Threlfall, W. and Montevecchi, W.A. 1989. Researcher's guide to 

Newfoundland seabird colonies. Second edition. Number 14. Occasional paper in 

biology. Editor G.F. Benett, Mernorial University of Newfoundland, St. John's, 

New foundland. 

Chandler, S.K., Fraser, J.D., Buehler, D.A. and Seegar, J.K.D. 1995. Perch trees and 

shoreline development as predictors of bald eagle distribution on Chesapeake 

Bay. J. Wildl. Manage. 59(2):325-332. 

Chester, R. and Murphy, K.J.T. 1990. Metals in the Marine Atmosphere. In Heavy Metals 

in the Marine Environment. Fumess and Greenwood eds. CRC Press, Boca Raton, 

Fla. 

Colborn T. 199 1. Epidemiology of Great Lakes Bald Eagles. Journal of Toxicology and 

Environmental Health, 3 3 :395-453. 

Court, G. 1993. A Toxicological Assessrnent of the Arnerican Peregrine Falcon (Falco 

peregriilris anaturn) Breeding in Alberta, Canada- 1968 to 1992. Alberta Fish and 

Wildli fe Service, Occasional Paper Number 10. 



Elliot, J. E. 1995. Enviromental contaminants in bald eagles on the coast of British 

Columbia: exposure and biological effects. PhD dissertation. University of British 

Columbia- 

Elliot, J.E. and Nontrom, R.J. 1998. Chlorinated hydrocarbon contaminants and 

productivity of bald eagle populations on the Pacific coast of Canada. 

Environmental Toxicology and Chemistry, 1 7(6): 1 142- 1 1 53. 

Fraser, J.D., Frenzel, I.D., Mathisen, J.E., Martin, F. and Shough, M.E. 1983. Scheduling 

bald eagle reproductive surveys. Wildl. Soc. Bull. 1 l(1): 13- 16. 

Fraser, J.D. 1984 Accounting for measurement errors in bald eagle reproduction surveys. 

I. Wildl. Manage. 48(2):595-598. 

Fiel, J.K, Skinner, C.S., Jackson, S.E. and Longerich, H.P. 1990. Analysis of biological 

reference mater&, prepared by microwave dissolution, using Inductively 

coupled Plasma Mass Spectrometry. Analyst 1 1 5:269-273. 

Frings, CS., Fendley, T. W., Dunn, R.T., Quenn, C.A. 1972. improved determination of 

total serum lipids by the sulpho-phospho-vanillin reaction. Cli. Chem. 18:673- 

674. 



Fry, D.M., Swenson, J., Addiego, L.A., Grau, C.R. and Kang, A. 1986. Reduced 

reproduction of wedged-tailed shearwaters exposed to weathered Santa Barbara 

crude oil. Arch. Environ. Contam. Toxicol. 15:453-463. 

Fumess, R.W. and Monaghan, P. 1987. Monitoring Marine Environments. In Seabird 

Ecology. Chapman and Hall, New York. 

Fumess, R.W. 1993. Birds as monitors of pollutants. In Birds as Monitors of 

Environmental Change. Ed. R.W. Fumess and J.J.D. Greenwood. Chapman and 

Hall, New York. 

Gerrard, J.M., Gerrard, P.N., Bortolotti, G.R. and Whitfield. D.W.A. 1983. A 14-year 

study of bald eagle reproduction on Besnard Lake, Saskatchewan. In Biology and 

Management of Bald Eagles and Ospreys, Proceedings of 1 rst International 

Symposium of Bald Eagles and Ospreys, Montreal 28-29 October 198 1 .  Pages 47- 

57. Harpell Press, St Anne de Bellereu, Quebec 

Grier, J. W. 1974. Reproduction, organochlorines, and mercury in northwestern Ontario 

bald eagles. The Canadian Field-Naturalist, 88:469-475. 



Gner , J.W. 1982. Ban of DDT and subsequent recovery of reproduction in bald eagles. 

Science 2 18: 1232- 123 5 .  

Grim, L.H. and Kallemeyn, L.W. 1995. Reproduction and Distribution of Bald Eagles in 

Voyageurs National Park, Minnesota, 1973- 1993. Biological Science Report 1. 

U.S. Department of the Intenor.. Washington D.C.. 

Grubb, T.G. and King, R.M. 199 1. Assessing human disturbance of breeding bald eagles 

with classification tree models. J. Wildl. Manage. SS(3):SOO-5 1 1. 

Gmbb, TG., Bowermann, W. W., Giesy, J.P. and Dawson, GA. 1992. Responses of 

breeding bald eagles, Haliaeefits leztcocepitulits, to hurnan activities in 

northcentral Michigan. Canadian Field-Naturalist 1 06(4):443-453. 

Hansen, A.J. and Hodges, J.I. 1985. High rates of non-breeding adult bald eagles in 

southeastem Alaska. J. Wildl. Manage. 49:454-458. 

Hansen, A.J. 1987. Regulation of bald eagle reproductive rates in southeastem Alaska. 

Ecology 68(5): 1387- 1392. 



Helander, B., Olson, M. and Reutergardh, L. 1982. Residue levels of organochlorine and 

mercury compounds in unhatched eggs and the relationship to breeding success in 

white-tailed sea eagles Haliaeetus albicilla in Sweden. Holarct Eco1 5 :349-366. 

Hobson, K.A. and Montevecchi, W.A. 199 1 .  Stable isotopic determinations of trophic 

relationships of great auks. Oecologia 87:537-53 1 .  

Hobson, KA., Piatt, J.F. and Pitocchelli, J. 1994. Using stable isotopes to determine 

seabird trophic relationships. Journal of Animal Ecology, 63:786-798. 

Hodges, 1.1. 1982. Bald eagle nesting studies in Seymor Canal, southeast Alaska. Condor 

84: 125- 127. 

Hodges, J.I. and King, J.G. 1984. Bald eagle breeding population survey of coastal 

British Columbia. J. Wildl. Manage. 48(3):993-998. 

Hofhan, D.J. 1994. Measurements of toxicity and cntical stages of development. In 

Wildlife Toxicology and Population Modeling: Integrated Studies of 

Agroecosystems, Kendal, R. J. and Lacher, T.E. Eds., Lewis Publishers, pp. 47-67. 



Howells, D., Calamari, D., Gray, J. and Wells, P.G. 1990. An analytical approach to 

assessrnent of long-term effects of low levels ofcontarninants in the marine 

environment. Marine Pollution Bulletin, 2 1 (8):3 7 1 -375. 

Jacques Whitford 1996. Marine sampling off landfill 1, former United States naval 

facility, Argentia, Newfoundland. JWEL report NO. 84336. Jacques Whitford 

Environment Lirnited, St. John's, Newfoundland. 

Jarman, W.M., Simon, M., Nontrom, R.J., Rurns, S.A., Bacon, C.A., Simoneit, B.R.T., 

and Risebrough, R. W. 1992. Global distribution of Tris (4-chloropheny1)methanol 

in high trophic levcl birds and marnmals. Environ. Sci. Technol. 26: 1770-74. 

Knight, R.L., Randolph, P.J., Allen, G.T., Young, L.S. and Wigen, R.J. 1990. Diets of 

nesting bald eagles, Haiiaeet~s leztcocephalus, in western Washington. Canadian 

Field-Naturalist 1 O4:545-55 1. 

Kozie, K.D. and Anderson, R.K. 199 1. Productivity, diet, and environmental 

contaminants in bald eagles nesting near the Wisconsin shoreline of Lake 

Superior. Archives of Environmental Contamination and Toxicology, 20:41-48. 



Langston, W.J. 1990. Toxic effects of metals and the incidence of metal pollution in 

marine ecosystems. In Heavy Metals in the Marine Environment. Fumess and 

Greenwood eds. CRC Press, Boca Raton, Fla. 

Levy, E.M. 1980. Oil pollution and seabirds: Atlantic Canada 1976-77 and some 

implications for northem environrnents. Marine Pollution Bulletin, 1 1 :5 1-56. 

Lock, A.R. Brown, R. and Germain, T. 1994. Gazetteer of Marine Birds in Atlantic 

Canada, an atlas of seabird vulnerability to oil pollution. Canadian Wildlife 

Service. Pp: 1-6,29-3 1. 

Luoma, S.N. 1990. Processes affecting metal concentrations in estuarine and coastal 

marine sediments. In Heavy Metals in the Marine Environment. Fumess and 

Greenwood eds. 

MapInfo. MapInfo pro fessionalg 4.1, 1985-97, Mapinfo Corporation 

McKeane L. and Weseloh D.V. 1993. Bringing the Bald Eagle back to Lake Ene. SOE 

Fact Sheet No 93-3. Environment Canada. 



Mersrnann, T.J., Buehler, D.A., Fraser, J.D. and Seegar, J.K.D. 1992. Assessing bias in 

studies of bald eagle food habits. J. Wildl. Manage. 56(1):73-78. 

Minitab. ~ i n i t a b @  for Windows 10.2, 1994, Minitab Inc. 

Monteiro, L.R. and Furness, R. W. 1995. Seabirds as monitors of mercury in the marine 

environment. Water, Air, and Soi1 Pollution, 80:85 1-870. 

Montevecchi, W.A. and Tuck, L.M. 1987. Newfoundland birds: exploitation, study, 

conservation. Publications of the Nuttall Omithologicai Club, NO 2 1, Cambridge, 

MA. Pp. 212. 

Natural Environment Research Council (NERC). 1983. Contarninants in marine top 

predaton. Publications Series C No. 23 

Nettleship, D.N. and Peakall, D.B. 1987. Organochlorine residue levels in threc high 

Arctic species of colonially-breeding seabirds from Prince Leopold Island. Mar. 

Poli. Bull., 18:434-438. 

Nielsen, J.S. and Dietz, H.R 1989. Heavy metals in Greenland seabirds. Bioscience 29: 



Nisbet, I.C.T. 1989. Organochlorines, reproductive impairment and declines in bald eagle 

[Haliaeetnr leucocephaliis) populations: mechanisms and dose-response 

relationships. In Raptors in the Modem World. Meyburg, B.U. and Chancellor, 

R.D. eds. 

Norstrom, R.J., Simon, M., Muir, D.G.C. and Schweinsburg, R.E. 1988. Organochlonne 

contaminants in arctic marine food chains: identification, geographical 

distribution, and temporal trends in polar bears. Environ. Sci. Technol. 32: 1063- 

1071. 

Pattee, O.H. and Hennes, S.K. 1953. Bald eagles and waterfowl: the lead shot connection. 

Tram North Amencan Wildli fe and Natural Resources Con ference, 48:230-23 7. 

Peakall, D.B. and Fox, G.A. 198% Toxicological investigations of' pollutant related 

effects in Great Lakes gulls. Environmental Health Perspectives, 7 1 : 18% 193. 

Pennycuick, C.J. and Kline, N.C. 1986. Units of measurement for fiactal extent, applied 

to the coastal distribution of bald eagle nests in the Aleutian Islands, Alaska. 

Oecologia 68254-258. 



Postupalsky, S. 1974. Raptor reproductive success: some problems with methods, criteria, 

and terminology. Raptor Research Report :2 1-3 1. 

Rasmussen, P.E., Friske, P. W.B., Azzaria, L.M. and Garret, R.G. 1998. Mercury in the 

environment: current research challenges. Geoscience Canada, 25( 1 ): 1 - 1 3. 

Ritchie, R.J. and Ambrose, S. 1996. Distribution and population status of bald eagles 

(Haliaeetiu lettcocephaftcs) in intenor Alaska. Arctic. 49(2): 120- 1 28. 

Scheuhammer, A.M.. 1987. The chronic toxicity of aluminum, cadmium, mercury and 

lead in birds: a review, Environ. Pollut. 46:263-295. 

Scheuhamrner, A.M. and Norris, S.L. 1995. A Review of the Environrnental Impacts of 

L e d  Shotshell Ammunition and Lead Fishing Weights in Canada. Occasional 

paper No 88. Canadian Wildlife Service Publications. 

Sindelar, C .R. 1988. 1988 Wisconsin Bald Eagle Breeding Survey. General Report. 

Wisconsin Department of Natural Resources, Madison, Wis. 19 pp. 

Soreson, J.A., Glass, G.E., Schmitdt, K.W., Huber, J.K. and Rapp, G.R. 1990. Airbome 

mercury deposition and watershed characteristics in relation to mercury 



concentrations in water, sediments, plankton, and fish in eighty northem 

Minnesota lakes. Environ. Sci. Tech. 24: 1 7 16- 1727. 

Springer et al. 1984. Ongins of Organochlorines accumulated by Peregrine Falcons, 

Fdco peregrinics, breeding in Alaska and Greenland. Cÿiiadian Field-Naturalist, 

98: 159-166. 

Sprunt, A., Robertson, W.B., Postupalsky,S., Hensel, R.J., Knoder, C.E. and Ligas, F.J. 

1973. Comparative productivity of six bald eagle populations. Transactions of 

Thirty-Eighth North American Wildlife and Natural Resources Conference. Pp 

96- 106. 

Stalmaster, M. 1987. Breeding and nesting biology. Ir1 The bald eagle. Universe Books, 

New York. Pg. 57. 

Stocek, R.F. 1980. The curent status of the bald eagle in the Maritime Provinces of 

eastern Canada. In Proceedings of the 1980 Bald Eagles Days. Edited by T.N. 

Ingram. Eagle Valley Environmentalists, Apple River, Illinois. Pp. 20 1 -203. 

Stocek, R.F. and Pearce, P.A. 198 1. Status and breeding success of New Brunswick bald 

eagles. Canadian Field-Natura1ist 95(4):428-433. 



Swenson, J., Alt, K. and Eng, R. 1986. Ecology of bald eagles in the greater Yellowstone 

ecosystem. Wildl. Monogr. 95: 1-46. 

Sydeman, W.J.. Hobson, KA., Pyle, P. and McLaren, E.B. 1997. Trophic relationships 

among seabirds in central California: combined stable isotope and conventional 

dietary approach. The Condor, 99:327-336. 

systate 7.0.1, 1997, SPSS Inc. 

Todd, C.S., Young, L.S., Owen, R.B. and Gramlich. F.J. 1982. Food Habits of Bald 

Eagles in Maine. J. Wildlife Management, 46(3):636-645. 

Turle, R. and Norstrom, R.J. 1987. CWS Guidelines to practical quality assurance for 

contracted chemicai analysis. Technical Report senes No. 21, Canadian Wildlife 

Service Headquarters. 

Welch, L.J. 1994. Contaminant Burdens and Reproductive Rates of Bald Eagles Breeding 

in Maine. M Sc. Thesis. University of Maine. 

Wetmore, S.P. and Gillspie, D.I. 1976. Osprey and bald eagle populations in Labrador 

and northwestem Quebec, 1969-73. Canadian Field-Naturalist 90:330-337. 



Wiemeyer, S.N., Larnont, TG., Bunck, C.M., Sindela., C.R., Gramlich, F.J., Fraser, J.D. 

and Byrd, M.A. 1984. Organochlorine pesticide, PCB and mercury residues in 

bald eagle eggs, 1969- 1979 and their relationship to shell thinning and 

reproduction. Archives of Environmental Contamination and Toxicology, 3529- 

549. 

Wiemeyer, S.N., Bunck. C.M. and Stafford, C.J. 1993. Environmental contaminants in 

bald eagle eggs (1 980-84) and further interpretations of relationships to 

productivity and shell thickness. Archives of Environmental Contamination and 

Toxicology. 24:2 13-227 

Wood, P.B., White, J.H., Steffer, A., Wood, LM., Facemire, C.F. and Percival, H.F. 

1995. Mercury concentrations in tissues of Flonda bald eagles. J. Wildl. Manage. 

60(1):178-185. 



Appendix 2.1 Cornparison of nest success, chick production and fledging ratio in 26 main bald eagle breeding regions in 
North Amenca. Habitats are categorized as marine (M), lacustrine (L), riparian (R), and estuarine (1;). 

Location Y car Habitat % Nest Nestlingsf Nestlingsf Fledging Source 
success successful nest occupied nest ratio 

Maine 

Alaska (Kodiak 1) 

Alaska (interior) 

Alaska (Prince William Sound) 

British Columbia 

Minnesota (Chipewa National 
Forest) 

Minnesota (inland) 

Minnesota (Voyageours National 
Park) 

Florida (Everglitdes National Park) 

Wisconsin (Lake Superior) 

Greater Yellowstone Basin 

Michigan State 

Lake Nipigon 

Lake Superior 

M 

M 

R 

M 

M 

IJR 

L/R 

LR 

E 

1, 

L/R 

L 

L 

L 

Welch 1994 

Ilodges 1982 

Ritchie & Anibrose 1 996 

Bowman et al. 1993 

Elliot 1995 

Colbom 1991 

Colbonl 1991 

Grim & Kallemeyn 1995 

Colborn 199 1 

Kozie & Anderson 199 1 

Swenson et al. 1986 

Postupalsky 1983 

Postupalsky 197 1 b 

Col boni 1 97 1 



Appendix 2.1 cortt. 

Michigan and Wisconsin Great 
Lakes' shoreliae 

Lake Huron 

Columbia River Estuary 

Oregon 

Saskatchewan 

north West Ontario 

Canadian Maritime Provinces 

Nova Scotia 

New Brunswick 

Labrador 

Newfoundland (Placentia Bay) 

Newfoundland (Bonavista Bay) 1997 

Colbom 1991 

Colbom 1991 

Anthony 1993 

Anthony et al. 1994 

Gerrard et al. 1983 

Grier 1974 

Slocek & Pearce 198 1 

Stocek & Pearce 198 1 

Stocek, unpublished data 

Wemiore and Gillispie 1976 

Present study 

83 1 0.9 1.2 Present study 

" = based on Inrge young (before iledging) 
= values ore the rneans of 9 study sites reported by the author 

- = not rcported. 



Appendix 3.1. Contaminant concentrations (ppm, wet weight) in plasma (DDE and 
PCBs) and blood (metals) of bald eagle nestlings fiom Placentia Bay, 1996-97. * = values 
of samples collected in the same nest in different years are the means of both years. Gm = 
geometnc mean; nd = below detection limit; Hg = mercury; Co = cobalt; Cu = copper; 
Mo = molybdenum; Cd = cadmium; Mn = manganese. 

nest Oh lipid DDE PCBs Hg Co Cu Mo Cd Mn 



Appeodix 3.2 Contaminant concentrations ( ppm, ww) in plasma (DDE and PCBs) and 
blood (metals) of six nestling from Bonavista Bay, 1997. G, = Geometric mean; nd = 
below detection limit; Hg = mercury; Co = cobalt; Cu = copper; Mo = molybdenum; Cd 
= cadmium; Mn = rnanganese 

Nest % Lipid Contaminant concentrations (ppm, ww) 

DDE PCBs Hg Co Cu Mo Cd Mn 

110 0.71 0.003 0.01 0.05 nd 0.2 nd nd 0.03 

111 0.71 0.001 0.008 0.08 nd 0.2 nd 0.05 0.02 

117 0.84 0.002 0.01 0.08 0.008 0.4 nd nd O. 1 
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Appendix 3.4. Stable isotopes "N and ')c concentrations (%) in bald eagle nestling 
blood fkom Placentia and Bonavista Bays, 1997. 

nest "N 3~ 

Placen tia Bay 

Bonavista Bay 





Appendix 3.6. Contaminant mean concentrations (ppm, ww) in addled eggs froni I 1 bald eagle brecding populations. 

- -- - - 

Location Year N DDE PCBs Mercury Eggshell Source 
tbickness (mm) 

Alaska 

British Columbiaa 

Columbia River 
Estua~y 

Oregon 

Arizona 

Wisconsin 

Wisconsin shoreline 
o f  Lake Superior 

Ohio 

Chesapeake Bay 

Florida 

Maine 

New foundland 

Wiemeyer et al. 1993 

Ellioi 1995 

Anthony et al. 1993 

Wiemeyer et al. 1993 

Wiemeyer et el. 1993 

Wiemeyer et el. 1993 

Kozie and Anderson 
1991 

Wienieyer et el. 1 993 

Wiemeyer et el. 1993 

Wiemeyer et el. 1993 

Welch 1994 

present study 

" = values are the means of 8 study si tes reported by the auihor; = geometric niean; - = not reported 
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