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Abstract 

This article summarizes the results of necropsy findings on 420 bald eagles (Haliaeetus leucocephalus) from the 3 

Canadian Maritime provinces over a 26-yr period. It shows that, as in other regions of North America, anthropogenic 

factors dominate the diagnosed causes of mortality in this species, representing close to 50% of the cases. These factors 

included vehicular collision (n=57; 14%), electrocution (n=47; 11%), poisoning (n=38; 9%), snares and other trapping 

devices (n=35; 8%), gunshot (n=20; 5%), and other (n=5; 1%). At least some cases of trauma of unknown cause (n=79; 

19%) and some unknown causes of death (n=53; 13%) may have also involved anthropogenic factors.   As in several  
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other regions of North America, lead continued to be the most common source of poisoning in this species. Other 

causes of mortality identified, such as conspecific fights (n=11; 3%) and drowning / hypothermia (n=4; 1%), are 

natural challenges faced by these birds. Although bald eagles are not considered a species at risk in Canada, results of 

this study indicate that human-related causes of death are an ongoing issue in the Maritime region as elsewhere. 

Therefore, mitigating measures aimed at their reduction, for example those in relation to lead-based ammunition and 

fishing tackle, pesticide use and trapping, should continue to be implemented and expanded.                                  
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INTRODUCTION  
   Identifying, monitoring and mitigating potential causes of 

morbidity and mortality in wildlife are important activities 

that contribute to conservation. Bald eagles (Haliaeetus 

leucocephalus), like many other raptors, can be negatively 

affected by human activities. Once hunted as pests or 

trophies, bald eagles are now protected under provincial 

jurisdiction in Canada, and by the Bald and Golden Eagle 

Protection Act and the Migratory Bird Treaty Act in the 

United States (US) (U.S. Fish & Wildlife Service 2018a, 

2018b). However, these regulations do not preclude harm 

from environmental contaminants, day-to-day human-

related activities, poaching, or habitat fragmentation and 

destruction from urban and agricultural encroachment. This 

became evident in the mid-20th century when the population 

of bald eagles plummeted in the US as a consequence of 

breeding failure due to the extensive use of 

dichlorodiphenyltrichloroethane (DDT), poaching, and 

habitat loss (Fraser 1985; Richardson and Miller 1997). The 

species was listed as ñendangeredò under the US Endangered 

Species Preservation Act in 1967, but it subsequently 

recovered and was delisted in 2007 (U.S. Fish & Wildlife 

Service 2019).  Its recovery across North America is largely 

attributed to the ban on general use of DDT in Canada and 

the US in 1970 and 1972, respectively (Holroyd and Bird 

2012; Government of Canada 2013; U.S. Fish & Wildlife 

Service 2019). In Canada, bald eagles are currently listed as 

ñnot at riskò by the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC ╖ Government of Canada 

2011). Nonetheless, they continue to be negatively affected 

by anthropogenic activities such as collisions with motorized 

vehicles or wind turbines, gunshots, trapping, or secondary 

poisoning (Wobeser et al. 2004; Desmarchelier et al. 2010; 

Cowan and Blakley 2015; Scott and Bollinger 2015; Smith 

et al. 2018). 

   Assessing the health of bald eagles can provide important 

clues about the health of the ecosystems that support them as 

well as humans and other wild and domestic animal species. 

Identification of on-going and emerging causes of morbidity 

and mortality in bald eagles is also needed for the efficient 

protection of this and other sympatric wild species. This 

retrospective study identifies the causes of death that bald 

eagles have encountered in the Canadian Maritime provinces 

(New Brunswick [NB], Prince Edward Island [PEI], Nova 

Scotia [NS]) over a 26-yr period (1991-2016), based on data 

from a long-term wildlife health surveillance program 

carried out by the Canadian Wildlife Health Cooperative 

(CWHC; www.cwhc-rcsf.ca). 

 

MATERIAL & METHODS  
   Carcasses of bald eagles found dead or in poor health and 

subsequently euthanized were submitted by conservation 

officers, park wardens, biologists, wildlife rehabilitation 

centre staff, or the public to the Atlantic regional centre of 

the CWHC, Atlantic Veterinary College, University of 

Prince Edward Island, where they were necropsied. All 

necropsies were performed by 3 experienced wildlife 

pathologists who provided a consistent level of examination 

over the 26-yr duration of the study. Individual necropsy 

reports were reviewed carefully by 2 of the 3 pathologists 

and, for each carcass evaluated, the following information 

was collected: province of origin; month and year when the 

bird died or when the carcass was found; history of the 

circumstances under which the bird was found; age class 

(nestling, immature [<5 yrs], adult), which was based on 

plumage (McCollough 1989; Sibley 2014) and degree of 

development of reproductive organs; sex; subjective 

assessment of body condition (good, moderate, poor) based 

on relative size of pectoral muscle mass and relative amount 

of fat reserves in subcutis and coelomic cavity; and final 

diagnosis (primary cause of death, defined as the 

pathological change most likely to have started the process 

that led to the eventual death or euthanasia of the bird) based 

on gross and microscopic examination and, when indicated, 

ancillary diagnostic tests such as bacteriology and toxicology. 

The season when the bird died or when the carcass was found 

was derived from the month indicated in the history provided: 

spring (March-May), summer (June-August), fall 

(September-November), winter (December-February). 

Severely autolyzed carcasses were excluded from this study. 

Also excluded were carcasses of birds that had been in 

captivity for rehabilitation for more than 2 weeks, unless the 

http://www.cwhc-rcsf.ca/
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original cause of the problem that had led to the birdôs 

capture could be clearly identified.  

   Primary causes of death were divided into 10 categories: 

trauma, electrocution from power lines, emaciation, 

poisoning, conspecific fight, infection, idiopathic disease 

(disease process identified, but cause undetermined), 

nestling mortality, drowning / hypothermia, and unknown 

(no cause of death identified). Criteria for each of these 

categories are defined in Table 1.  Lead concentration in liver 

or kidney (on a wet weight basis) was determined by atomic 

absorption spectroscopy, with a detection limit of 0.25 ɛg/g 

in early years, improving over time to <0.035 ɛg/g. The 

presence of organophosphates, carbamates or barbiturates in 

crop or stomach contents was determined by gas 

chromatography / mass spectrometry, with a detection limit 

of 0.5-2.0 ɛg/g. Alternatively, levels of brain 

acetylcholinesterase activity were measured in vitro to 

diagnose organophosphate or carbamate toxicosis 

(Fairbrother 1996). The presence of anticoagulant 

rodenticides in the liver of 1 bird was determined by high-

performance liquid chromatography, with a detection limit 

of 1.0 ɛg/g. 

   Statistical analyses were conducted using SAS 9.4 

(Copyright © 2002-2012; SAS Institute Inc., Cary, North 

Carolina, USA). Univariable exact logistic regression 

models were fitted to examine associations between the odds 

of being diagnosed with select causes of death (i.e., trauma, 

electrocution from powerlines, emaciation, poisoning, all 

human-associated causes of death) and the following 

variables: age, sex, body condition, season, and province. 

Significance level was set at Ŭ=0.05 for these models, and 

exact odds ratio (OR) and 95% confidence interval (95% CI) 

are reported. For these analyses, birds were classified as 

either immature or adult; nestling birds were excluded as 

they were exposed to a very different set of hazards. For 

these analyses, birds in good and moderate body condition 

were grouped together. Whereas a poor body condition is 

usually well defined (no discernible fat, marked atrophy of 

pectoral muscles) and can be in itself a cause of death, the 

distinction between moderate and good body condition is 

Figure 1. Locations of collection sites of bald eagle (Haliaeetus leucocephalus) carcasses included in this study 

of causes of mortality in the Canadian Maritime provinces of New Brunswick, Prince Edward Island, and Nova 

Scotia, 1991-2016. 
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more subjective and also implies the need to look further for 

a cause of death. Causes of death thought to have been 

human-related were also grouped. These included all known 

causes of trauma (trauma of unknown cause excluded), 

electrocution and poisoning.  

   The same univariable regression modelling approach was 

used to examine associations of select causes of mortality 

with characteristics of the locations in which the birds were 

found. Human population density (persons per km2) of 

dissemination areas (small areas with populations of 400-700 

persons) was extracted from the 2016 Canadian census 

(Statistics Canada 2019) as a proxy for anthropogenic risks 

to bald eagles. A road network dataset was used to examine 

potential effects of major roads on bald eagles (ESRI Data & 

Maps 2019). Finally, locations of contaminated lands were 

obtained from the Federal Contaminated Sites Inventory 

which tracks known sources of environmental contamination 

that could pose a risk to human health or the environment 

(Treasury Board of Canada Secretariat 2019). Human 

population density was categorized as low (Ò50 persons/km2) 

or higher (>50 persons/km2); distance to roads was 

categorized as near road (0 ╖100m from a road) or off-road 

(>100m from a road); distance to contaminated lands was 

categorized as near (<1000m) or far (Ó1000m). 

 

RESULTS 

      Among 420 birds examined between 1991-2016, 120 

were from NB, 211 from NS and 89 from PEI (Figure 1; 

Table 2). Of all the eagles submitted, 228 (54%) were female, 

166 (40%) were male, and 26 (6%) were of unknown sex 

(Table 2). Most of the eagles were adults (n=273; 65%), 137 

(33%) were immature, 9 (2%) were still on the nest 

(nestlings), and 1 was of unknown age (Table 2). The number 

of eagles submitted annually to the CWHCôs Atlantic 

Regional Centre ranged from 1 bird in 1993 to 36 birds in 

2012 (Figure 2). The largest proportion of eagles was 

submitted in the spring (n=147, 35%) and the lowest 

proportion in the winter (n=80, 19%) (Table 2).  

   Of known causes of death, trauma was the most common 

(n=196, 47%), followed by electrocution from power lines 

(n=47, 11%), emaciation (n=42, 10%), and poisoning (n=38, 

9%) (Table 1). Eleven or fewer birds were included in each 

of the remaining 5 categories: conspecific fight,           

infection, idiopathic disease, nestling mortality, drowning / 

hypothermia (n=44, 11%). The cause of death of all 

remaining cases was unknown (n=53, 13%). Causes of death 

related directly or indirectly to human activity (trauma 

[excluding trauma of unknown cause], electrocution from 

powerlines, and poisoning) accounted for a total of 202 (48%) 

birds. There was no clear trend over the years in the 

proportion of human-related causes of death relative to the 

total number of submissions (Figure 2) 

   Sixty-six of the 79 birds diagnosed with trauma of 

unknown cause had bone fractures and/or internal 

hemorrhage. Most of the remaining birds had focal acute or 

chronic superficial soft tissue lacerations. The hemorrhage in 

2 birds was of a diffuse nature without good evidence for the 

source of blood, suggesting the possibility of anticoagulant 

poisoning (Murray 2011). Liver analysis for the presence of 

anticoagulant rodenticide was done on 1 of these 2 birds and 

was negative. In 4 birds, the severity, distribution and nature 

of soft tissue trauma (epidermal, dermal and soft tissue 

necrosis) was considered compatible with electrocution and 

survival of the birds for some time post-injury. The history 

available for 1 of the 79 birds with trauma of unknown cause 

suggested a lightning strike. This bird was observed to 

ñsimply fallò from the sky during a severe thunder storm and 

hit the ground with its wings folded and feet bent back 

toward its tail. Necropsy revealed a large internal blood clot, 

compatible with trauma from the birdôs impact on the ground. 

   Trauma was confidently attributed to a human cause in 117 

of 196 (60%) total cases of trauma (Table 1), vehicular 

collision being most common (57/196, 29%). Non-target 

capture in a snare, trap or fish net and gunshot trauma 

represented 18% (35/196) and 10% (20/196) of the trauma 

cases, respectively (Table 1). Of 42 birds considered to have 

died strictly from emaciation, 10 had mycotic (7 birds) or 

bacterial (3 birds) infections that were thought to be 

secondary to the emaciation as a result of a weakened 

immune system. Low lead levels in liver or kidneys of 29 of 

these 42 birds ruled out lead poisoning as the cause of 

emaciation. Lead analysis was not performed in the 

remaining 13 birds. For 27 of 28 birds diagnosed with lead 

poisoning (74% of all cases of poisoning), the range of lead 

concentrations was 4.5-20.4 ɛg/g (ὼ =11.36 ± 5.02; n=12) in 

kidneys and 7.46-98.3 ɛg/g (ὼ =31.51 ± 26.97; n=15) in liver. 

One bird also diagnosed with lead poisoning had only 0.51 

µg/g of lead in its kidneys at the time of death but had been 

admitted to a rehabilitation centre with blood lead level of 25 

µg/dl, had been treated for 7 d with the chelating agent 

calcium EDTA (ethylenediamine tetraacetic acid), was 

emaciated, and microscopically had multifocal myocardial 

fibrosis compatible with lead poisoning. Of these 28 birds 

with lead poisoning, 14 (50%) were emaciated, a typical 

condition resulting from the effect of lead on the peripheral 

nervous system and consequent paralysis (Wobeser 1997), 

and 13 (46%) were in moderate/good body condition. The 

body condition of 1 bird was not recorded. Of 21 birds with 

histopathological results, 11 (52%) had acute or chronic 

lesions  of   cardiomyopathy  and  3 also   had  evidence   of 
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vascular fibrinoid necrosis, as described in waterfowl by 

Wobeser (1997). Lead levels in kidney or liver were also 

determined for 100 of the 392 bald eagles with a diagnosis 

other than lead poisoning. Of these, 2 birds had lead levels 

above 2 µg/g indicative of elevated lead exposure, but less 

than levels considered clinically toxic (Wobeser 1997; 

Wayland and Bollinger 1999); 1 died of carbofuran 

poisoning and the other of electrocution. Five other birds had 

lead levels between 1 and 2 µg/g; 2 died of emaciation, 1 

from trauma of unknown cause, 1 from vehicular collision, 

and 1 was euthanized because of suppurative polyarthritis. 

Exposure to organophosphates and carbamates (OP/CM) 

accounted for 7/38 (18%) cases of poisoning, and 

barbiturates accounted for 3/38 (8%). 

   All 11 deaths attributed to conspecific fighting involved 

adult birds (6 females, 5 males). Nine of these deaths 

occurred during the nesting season (April and May). This 

cause of death was confirmed in 6 birds based on a case 

history of direct observation of an aggressive interaction 

between 2 birds, in one case involving 2 males that both died 

during the encounter. Lesions in 5 of these 6 birds consisted 

of extensive skin lacerations and subcutaneous hemorrhage, 

involving the head and neck with puncture wounds or 

fracture of the skull in 3 of them. The 6th  bird may have been 

drowned by the conspecific; its plumage was very wet, and 

it had puncture wounds in the skin and muscle mass of its 

right leg.  Four of the remaining 5 birds suspected of having 

died following a fight with a conspecific had severe soft 

tissue trauma involving the head and neck, including a skull 

puncture in 2 of them. The 5th bird had only subcutaneous 

congestion of the head, but another eagle had been seen 

ñpicking up its headò shortly before it died. 

   Nine of 10 cases of infection consisted of locally extensive 

infectious processes, such as pododermatitis, arthritis, and 

cellulitis, at least some of which may have resulted from 

local trauma with secondary bacterial infection. 

Staphylococcus aureus was isolated from 4 of 7 cases in 

which bacterial cultures were attempted. Pasteurella 

multocida was isolated from 1 case, and bacteriology results 

were inconclusive in 2 cases. The only generalized infection 

considered to have resulted from a systemic process was a 

case of suppurative polyarthritis involving the left elbow 

joint and both   tarsometatarsal   joints   from which S. aureus 

was isolated; the source of this infection was not determined. 

Figure 2. Number of bald eagles submitted, percent of eagle submissions due to human-related mortality causes and three-

year moving average of percent of eagle submissions due to human-related mortality causes in the Maritime provinces, 

1991-2016. 
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Table 2. Demographic, temporal and geographical data for all cause of mortality categories diagnosed among 420 bald 

eagles (Haliaeetus leucocephalus) submitted for necropsy from the 3 Canadian Maritime provinces between 1991 and 

2016. 

Table 3. Univariable exact logistic regression models estimating the associations between bald eagles being diagnosed with 

select causes of death (i.e., trauma [all causes], electrocution from power lines, emaciation, or poisoning) and age, sex, 

body condition, season, and province in which the birds were found (1991-2016). Significant associations are in bold 

characters. 


