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Abstract

This article summarizes the results of necropsy findings on 420 bald eldgleseétusleucocephalusfrom the3
Canadian Maritime provinces over a-g6period. 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 cdaetorfhese
included vehicular collisiomES7; 14%), electrocutiomé4?; 11%), poisoningnE38; 9%), snares and other trapping
devices (=35; 8%), gunshonE20; 5%), and othenESb; 1%). At least some cases of trauma of unknown cass®{
19%) and some tmown causes of death%53; 13%) may have also involved anthropogenic fact@s.in several
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other regions of North America, lead continued to be the most common souraisasfipg in this species. Other
causes of mortality identified, such as conspecific fightsl{; 3%) and drowning / hypothermia=4; 1%), are
natural challenges faced by these birds. Although bald eagles are not considered a species at risk insGhsada, re
this study indicate that humaelated causes of death are an ongoing issue in the Maritime region as elsewhere.
Therefore, mitigating measures aimed at their reduction, for example those in relationttadeddammunition and
fishing tackle, psticide use and trapping, should continue to be implemented and expanded.

Key Words: Anthropogenic factor8Bald Eagle, Canaddjaliaeetus leucocephaluMaritimes,Mortality.

INTRODUCTION retrospective study identifies the causes of death that bald
eagles have encountered in the Canadian Maritime provinces

Identifying, monitoring and mitigating potential causes of i X
(New Brunswick [NB], Prince Edward Island [PEI], Nova

morbidity and mortality in wildlife are important activities ) iod msed on d
that contribute to conservation. Bald eaglétal{aeetus Scotia [NS]) over a 2§r period (19912016), ased on data

leucocephalus like many other raptors, can be negatively from a longterm wildiife . health gurveﬂlance program
affected by human activities. Once hunted as pests OIparrled out by the Canadian Wildlife Health Cooperative
FCWHC; www.cwheresf.cg.

trophies, bald eagles are now protected under provincia

jurisdiction in Canada, and by the Bald and Golden Eagle

Protection Act and the Migratory Bird Treaty Act in the MATERIAL & METHODS

United States (US) (U.S. Fish & Wiitk Service 2018a, Carcasses of bald eagles found dead or or pealth and

2018b). However, these regulations do not preclude harnmsubsequently euthanized were submitted by conservation

from environmental contaminants, deyday human officers, park wardens, biologists, wildlife rehabilitation

related activities, poaching, or habitat fragmentation andcentre staff, or the public to the Atlantic regional centre of

destruction from urban and agricultural encroachment. Thisthe CWHC, Atlantic Veterinary College, University of

became evida in the mid20" century when the population Prince Edwad Island, where they were necropsied. All

of bald eagles plummeted in the US as a consequence afecropsies were performed by 3 experienced wildlife

breeding failure due to the extensive wuse of pathologists who provided a consistent level of examination

dichlorodiphenyltrichloroethane (DDT), poaching, and over the 26yr duration of the study. Individual necropsy

habitat loss (Fraser 1985; Richardson and Miller 1987g. reports were reviewed carefully by 2 of tBepathologists

species was | isted as fendaand ®reacth oarcass dveluated, the follovng Ehforinationy e r ¢

Species Preservation Act in 1967, but it subsequentlywas collected: province of origin; month and year when the

recovered and was delisted in 2007 (U.S. Fish & Wildlife bird died or when the carcass was found; history of the

Service 2019).Its recovery across North America is largely circumstances under which the bird was found; age class

attributed to the ban on general use of DDT in Canada andnestling,immature [<5 yrs], adult), which was based on

the US in 1970 and 1972, respectively (Holroyd and Bird plumage (McCollough 1989; Sibley 2014) and degree of

2012; Government of Canada 2013; U.S. Fish & Wildlife development of reproductive organs; sex; subjective

Service 2019). In Canada, bald eaglescareently listed as  assessment of body condition (good, moderate, poor) based

inot at risko by the Commi torrel@ive size oftpdcteral Biiseld mass afative afhoudta n g e r

Wildlife in Canada COSEWIC Government of Canada of fat reserves in subcutis and coelomic cavity; and final

2011). Nonetheless, they continue to be negatively affectedliagnosis (primary cause of death, defined as the

by anthropogenic activities such as collisions with motorized pathological change most likely to have started the process

vehicles or wind turbines, gunshots, trapping, or secondarythat led to the eventual death or euthanasia of the bird) based

poisoning (Wobeseet al. 2004; Desmarcheliest al. 2010; on grossaand microscopic examination and, when indicated,

Cowan and Blakley 2015; Scott and Bollinger 2015; Smith ancillary diagnostic tests such as bacteriology and toxicology.

et al.2018). The season when the bird died or when the carcass was found
Assessing the health of bald eagles can provide importantvas derived from the month indicated in the history provided:

clues abotthe health of the ecosystems that support them aspring  (MarchMay), summer (Junéugust), fall

well as humans and other wild and domestic animal specieqSeptembeNovember), winter (Decembé&iebruary).

Identification of orgoing and emerging causes of morbidity Severely autolyzed carcasses were excluded from this study.

and mortality in bald eagles is also needed for the efficientAlso excluded were carcasses of birds that had been in

protection of this andther sympatric wild species. This captivity for rehabilitation for more than 2 weeks, unless the


http://www.cwhc-rcsf.ca/
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original cause of t he pr ob pedamartcenliguid chromatograpbyd with a detéctioe limib i r d
capture could be clearly identified. of 1.0 eg/g.

Primary causes of death were divided into 10 categories: Statistical analyses were conducted using SAS 9.4
trauma, electrocution from power lines, emaciation, (Copyright© 20022012; SAS Institute Inc., Cary, dxth
poisoning, conspecific fight, infection, idiothéc disease Caroling USA). Univariable exact logistic regression
(disease process identified, but cause undetermined}nodels were fitted to examine associations between the odds
nestling mortality, drowning / hypothermia, and unknown of being diagnosed with select causes of death (i.e., trauma,

(no cause of death identified). Criteria for each of theseelectrocution from powerlines, emaciation, poisoning, all
categories are defined in Tablellead concentration in liver humanassociatedcauses of death) and the following

or kidney(on a wet weight basis) was determined by atomicvariables: age, sex, body condition, season, and province.
absorption spectroscopy, wiSttlgna fdetasmactei drevleil miwta so fs elt. 2abt
in early years, i mprovi ng esactedds rdtio (DR)ant 25% colfidedce Mtenalddb9g Cl) T h
presence of organophosphates, carbamates or barbituratesane reported. For these analyses, birds vetmssified as

crop or stomach contents wasetermined by gas either immature or adult; nestling birds were excluded as
chromatography / mass spectrometry, with a detection limitthey were exposed to a very different set of hazards. For

of 052. 0 egl g. Al t er nat i v ethege analydes kirdd irs good @rid modenata body condition
acetylcholinesterase activity were measured in vitro towere grouped together. Whereas a poor body condition is
diagnose organophosphate or carbamate toxicosisisually wel defined (no discernible fat, marked atrophy of
(Fairbrother 1996). The presce of anticoagulant pectoral muscles) and can be in itself a cause of death, the
rodenticides in the liver of 1 bird was determined by high distinction between moderate and good body condition is
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Figure 1. Locations of collection sites of bald eaglaliaeetus leucocephalusarcasses included in this stuc
of causes of mortality in th@anadian Maritime provinces of New Brunswick, Prince Edward Island, and [
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MATHIEU et al. 162

more subjective and also implies the need to look further forproportion of humairelated causes of death relative to the
a cause of death. Causes d#ath thought to have been total number of submissions (Figure 2)
humanrelated were also grouped. These included all known Sixty-six of the 79 birds diagnosed with trauma of
causes of trauma (trauma of unknown cause excluded)unknown cause had bondractures and/or internal
electrocution and poisoning. hemorrhage. Most of the remaining birds had focal acute or
The same univariable regression modelling approach waghronic superficial soft tissue lacerations. The hemorrhage in
used to examine associationsselect causes of mortality 2 birds was of a diffuse nature without good evidence for the
with characteristics of the locations in which the birds weresource of blood, suggesting the possibilifyanticoagulant
found. Human population density (persons per?kiof poisoning (Murray 2011). Liver analysis for the presence of
dissemination areas (small areas with populations of/00  anticoagulant rodenticide was done on 1 of these 2 birds and
persons) was extracted from the 2016 Canadian sensuwas negative. In 4 birds, the severity, distribution and nature
(Statistics Canada 2019) as a proxy for anthropogenic riskef soft tissue trauma (epidermal, dermal and soft ¢issu
to bald eagles. A road network dataset was used to examineecrosis) was considered compatible with electrocution and
potential effects of major roads on bald eagles (ESRI Data &survival of the birds for some time péasjury. The history
Maps 2019). Finally, locations of contaminated lands wereavailable for 1 of the 79 birds with trauma of unknown cause
obtained from th Federal Contaminated Sites Inventory suggested a lightning strike. This bird was observed to
which tracks known sources of environmental contaminationfi s i mp | ym thesky duving fa sewere thunder storm and
that could pose a risk to human health or the environmenhit the ground with its wings folded and feet bent back
(Treasury Boad of Canada Secretariat 2019). Human toward its tail. Necropsy revealed a large internal blood clot,
population density was categorized as IG5 pesons/km) compatible with trauma from th
or higher (>50 persons/Kin distance to roads was  Trauma was confidently attrited to a human cause in 117
categorized as near road (@0m from a road) or offoad of 196 (60%) total cases of trauma (Table 1), vehicular
(>100m from a road); distance to contaminated lands wagollision being most common (57/196, 29%). Nanget

categorized as near (<1000m) or f@@00m). capture in a snare, trap or fish net and gunshot trauma
represented 18% (35/196) and 10% (20/196) of the trauma
RESULTS casa, respectively (Table 1). Of 42 birds considered to have

Among 420 birds examined between 19916, 120 died s.tnctly fro.m emgmatpn, 10 had mycotic (7 birds) or
bacterial (3 birds) infections that were thought to be

were from NB, 211 from NS and 89 from PEI (Figure 1; h T it of K
Table 2). Of all the eagles submitted, 228 (54%) were female,Secondary to the emaciation as a result of a weakened

166 (40%) were male, and 26 (6%) were of unknown sexmmune sys.tem. Low lead Ievéh;liv?r or. kidneys of 29 of
(Table 2). Most of the eagles werasltd (1=273; 65%), 137 these 42 birds ruled out lead poisoning as the cause of
(33%) were immature, 9 (2%) were still on the nest emaciation. Lead analysis was not performed in the

(nestlings), and 1 was of unknown age (Table 2). The numbepf’r_na'n_Ing 13 birds. For 27 of 28 _b'rd$ diagnosed with lead
of eagl es submitted annua |p‘?'s§2”'”9t§7o4% qfﬂlgase%%mléoglgg), thetre‘ngae Sftlel"idc
Regional Centre ranged from 1 bird in 1993 to 36 birds incpncentratlons was 45 0 | 4wl Bh 5(02'1:.12.) n
2012 (Figure?). The largest proportion of eagles was kldney.s and 7'49 8.3 (*F:@L"sjgi 256'97_[‘:15) in liver.
submitted in the springn€147, 35%) and the lowest One bird also diagnosed with lead poisoning had only 0.51

proportion in the winterr=80, 19%) (Table 2). pg/g.of lead in its I.<i.dn.eys at the time of death but had been
ﬁ.dmltted toa rehabilitation centre with blood lead level of 25

Of known causes of death, trauma was the most commo ; )
g/dl, had been treated for 7 d with the chelating agent

(n=196, 47%), followed by electrocution from power lines H ) o ’ )
(n=47, 11%), emaciatiomé42, 10%), and poisoning£38, calcium EDTA (ethylenediamine tetraacetic acid), was
9%) (Table 1). Eleven or fewer birds were included in eachemauated, and microscopically had multifocal myocardial
of the remaining 5 categories: conspecific fight, fibrosis compatible with lead poisimg. Of these 28 birds

infection, idiopathic disease, nestling mortality, drowning / with lead poisoning, 14 (50%) were emaciated, a typical

hypothermia =44, 11%). The cause of death of all condition resulting from the effect of lead on the peripheral
’ p hervous system and consequent paralysis (Wobeser 1997),

and 13 (46%) were in moderate/good body condition. The
body condition of1 bird was not recorded. Of 21 birdsth

histopathological results, 11 (52%) had acute or chronic
elesions of cardiomyopathy and 3 also had evidence of

remaining cases was unknow=63, 13%). Causes of deat
related directly or indirectly to human activity (trauma
[excluding trauma of unknown cause], electrocution from
powerlines, and poisoning) accouthfer a total of 202 (48%)

birds. There was no clear trend over the years in th
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Figure 2. Number of bald eagles submitted, percent of eagle submissions due teélatedmmortality causes and thr¢
year moving average of percent of eagle submissions due to frefated mortality causes in the Ntane provinces
1991-2016.

vascular fibrinoid necrosis, as described in waterfowl byinvolving the head and neck with puncture wounds or
Wobeser(1997). Lead levels in kidney or liver were also fracture of the skull in 3 of them. TI6# bird may have been
determined for 100 of the 392 bald eagles with a diagnosisirowned by the conspecific; its plumage was very wet, and
other than lead poisoning. Of these, 2 birds had lead level& had puncture wounds in the skin and muscle mass of its
above 2 pg/g indicative of elevated lead exposure, but lessight leg. Four of the remaining 5 birds suspected of having
than levels considered nically toxic (Wobeser 1997; died following a fight with a conspecific had severe soft
Wayland and Bollinger 1999); 1 died of carbofuran tissue trauma involving the head and neck, including a skull
poisoning and the other of electrocution. Five other birds hadouncture in2 of them. The5" bird had only subcutaneous
lead levels between 1 and 2 pg/g; 2 died of emaciation, Icongestion of the head, but another eagle had been seen
from trauma of unknown cause, 1 from vehicular collision ipi cki ng up its headodo shortly
and 1 was euthanized because of suppurative polyarthritis. Nine of 10 casesf infection consisted of locally extensive
Exposure to organophosphates and carbamates (OP/CMhfectious processes, such as pododermatitis, arthritis, and
accounted for 7/38 (18%) cases of poisoning, andcellulitis, at least some of which may have resulted from
barbiturates accounted for 3/38 (8%). local trauma with secondary bacterial infection.
All 11 deaths attributed to conspecific fighting imved Staphylococcus aureus was isolated fromf4 a@ases in
adult birds (6 females, 5 males). Nine of these deathavhich bacterial cultures were attempte#asteurella
occurred during the nesting season (April and May). Thismultocidawas isolated froni case, and bacteriology results
cause of death was confirmed in 6 birds based on a caseere inconclusive in 2 cases. The only generalized infection
history of direct observation of an aggressive interactionconsidered to have resulted from a systemic process was a
between 2 birds, in or@se involving 2 males that both died case of sppurative polyarthritis involving the left elbow
during the encounter. Lesions in 5 of these 6 birds consistegbint andboth tarsometatarsajoints fromwhichS. aureus
of extensive skin lacerations and subcutaneous hemorrhag&yas isolated; the source of this infection was not determined.
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Table 2. Demographic, temporal and geographical data for all cause of mortality categories diagnosed among
eagles aliaeetus leucocephalusubmitted for necropsy from the@anadian Maritime provinces between 1991 &

2016.

Table 3. Univariable exact logistic regression modstgnating the associations between bald eagles being diagnose
select causes of death (i.e., trauma [all causes], electrocution from power lines, emaciation, or poisoning) and
body condition, season, and province in which the birds wenedf¢9912016). Significant associations are in ba

characters.

Trauma Electrocution Emaciation Poisoning
[OR (95% CI)]  [OR (95% CI)] [OR (95% CD)] [OR (95% CD)]
Age Adult 0.89 0.58 0.57 4.72
(0.58, 1.38) (0.30, 1.14) (0.29, 1.16) (1.63, 18.69)
Immature - - - -
(ref)!
Sex Male 0.89 2.28 1.18 0.66
(0.58, 1.36) (1.14,4.67) (0.56, 2.46) (0.29, 1.42)
Female (ref) - - - -
Body Good 4.60 4.17 ND 0.40
condition (2.57,8.61) (1.28, 21.56) (0.19, 0.88)
Poor (ref) - - - -
Season Summer 1.13 1.07 24 0.65
(0.64, 2.00) (0.43,2.53) (0.99, 5.96) (0.17, 2.02)
Fall 1.16 0.89 1.85 1.29
(0.67,1.99) (0.36,2.12) (0.75, 4.60) (0.50,3.27)
Winter 1.99 0.69 0.14 1.31
(1.11, 3.62) (0.23,1.83) (0.003, 1.00) (0.47,3.49)
Spring (ref) - - - -
Province New 1.92 0.61 0.29 0.80
Brunswick (1.23, 3.26) (0.23, 1.46) (0.10, 0.74) (0.310 1.93)
Prince 1.39 1.82 0.19 1.09
Edward (0.82,2.38) (0.85,3.84) (0.04, 0.64) (0.42, 2.64)
Island

Nova Scotia
(ref)

T ref, referent (the reference category to which the other categories are compared)




