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ABSTRACT 
Environmental contaminants typically have the greatest impact on upper trophic level 

predators such as eagles. We collected whole blood and plasma from 123 migrant bald (Haliacetus 
leucocephalus) and golden eagles (Aquila chrysaetos) captured between 1985 and 1993 in 
west-central Montana for analysis of lead (Pb), mercury (Hg), selenium (Se), and organochlorine 
compounds, and to determine baseline values of cholinesterases (ChE) in free ranging, apparently 
healthy eagle populations. Elevated concentrations (x = 0.32 ppm) of Pb were detected in 97 
percent of bald eagles. Pb was detected in 85 percent of golden eagles but at lower (P<0.05) 
concentrations (x = 0.18 ppm) than bald eagles. The source of Pb in both species was most likely 
Pb shot in waterfowl and Pb projectile fragments in ground squirrels (Spennophilusspp.). Hg 
was detected in 94 percent of bald eagles but only 22 percent of golden eagles. Sources of Hg 
were most likely fish for bald eagles and fish or gulls (Larus spp.) for golden eagles. Se was 
detected in 94 percent of bald eagles and in 88 percent of golden eagles. Bald eagles had higher 
(P<0.05) Se concentrations (x = 0.55 ppm) than golden eagles (x = 0.31 ppm). Aquatic oriented 
prey were the probable sources of Se for both spedes of eagles. Heavy metal and Se concentrations 
were not correlated with age or sex in either species. DDE was detected more often in bald eagles 
(67%) than golden eagles (48%). Organochlorine concentrations were very low and not related 
to age or sex for either species. Total ChE activity was higher (P=0.0001) in golden eagles than 
bald eagles. Mean acety/cholinesterase activity was lower ( P< 0.05) in bald than golden eagles 
(x = 171 vs x = 296), but percent butyrylcholinesterase was higher in bald eagles. Despite fairly 
pervasive incidence and occasionally high concentrations of potentially toxic contaminants, 
populations from which both eagle spedes originated appear stable or increasing. 

Key words: acety lcholinesterase, bald eagle, butyrylcholincsterasc, environmental 
contaminants, golden eagle, heavy metals, Montana, organochlorines, pesticides, 
selenium. 

INTRODUCTION 
The impact of environmental 

contaminants on wildlife has been well 
documented (Hall 1987, Porter 1993, 
Hoffman ct al. 1995). Upper trophic 
level predators such as raptors may be 
more affected by some environmental 
contaminants than lower trophic level 
species due to biomagnification and 
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species sensitivity. Contaminant 
induced mortality, reduced 
reproduction, and sublethal morbidity 
have been recorded for bald and golden 
eagles and remain management 
concerns. Moreover, habitat and prey 
preferences of eagles may increase their 
risk of exposure to environmental 
contaminants because both species 
exploit habitats and prey known to 
biomagnify contaminants (reviews by 

ewton 1979, Stalmaster 1987, Palmer 
1988). Currently, the extent of adverse 
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impacts on eagles from contaminants in 
the western U.S. is unknown (Hcnny 
and Anthony 1989), thus effects on the 
health of populations cannot be 
evaluated. 

Most analysis of heavy metal and 
organochlorinc contaminant exposure to 
raptorial birds has been conducted on 
tissues of dead birds (Reichel ct al. 1984) 
or eggs (Wicmcycr et al. 1993). Analysis 
of these contaminants in free-ranging 
eagles may be a more representative 
indicator of exposure to populations 
than analysis of tissue of dead birds. 

Detecting and evaluating extent of 
exposure to contaminants by use of 
biological markers has gained 
prominence recently (Fossi ct al. 1992). 
One such nondestructive marker most 
frequently used for determining 
exposure to organophosporus and 
carbamate pesticides is measurement of 
cholinesterase (ChE) activity in plasma 
(Ludke ct al 1975). Depressed 
butyrylcholinesterase (BChE) in plasma 
is more indicative of recent exposure to 
anticholinergic pesticides than brain 
acetylcholinesterasc (AChE) activity 
(Hill and Fleming 1982, Hill 1989). Only 
one published account providing ChE 
activity data in bald eagle plasma exists 
(Dieter and Wiemeyer 1978) and only 
one for golden eagle nestlings (Taira and 
McEwen, In press). Our objectives were 
to determine the incidence and severity 
of heavy metal, Se, and organochlorinc 
contamination in vernal migrant bald 
and golden eagles and develop baseline 
data on ChE activity for each species. 

STUDY AREA AND METHODS 

Each spring, a significant portion of 
the continental population of bald and 
golden eagles pass through and use 
habitats in Montana during vernal 
migrations (Swenson et al. 1981, Meyer 
1992, Tilly 1995). An eagle migration 
corridor exists in west-central Montana 
near the towns of Wilsall, Park County 
and Ringling, Meager County where 
eagles concentrate each spring to feed 
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on recently emerged Richardson's 
ground squirrels (Spennophilus 
richardsonii), white-tailed jackrabbits 
(Lepus townsendii), and domestic and 
wild ungulate carcasses. This 
phenomenon presents a unique 
opportunity to sample a large portion of 
the continental eagle population for 
exposure to environmental 
contaminants. 

Eagles were captured during 
migration through west-central 
Montana (vicinity 41 ° 10', 1100 40') 
between 1 March and 15 April 
1985-1993. We used the modified 
"Lockhart method" (Harmata 1985) 
with avian or mammalian carcasses as 
baits (mostly Richardson's ground 
squirrels) and a radio controlled bownct 
(Jackman ct al. 1994) around large 
carcasses to capture migrant eagles. A 
live bald or golden eagle was used at 
most capture sites as a lure. 

Mcnsural data were acquired for all 
eagles captured and all were banded 
with U.S. Fish and Wildlife Service 
(USFWS) pop-rivet leg bands. We 
evaluated residency time of eagles in the 
study area by radio-tagging and wing 
notching some eagles. Radio 
transmitters were attached to center tat! 
feathers of 4 bald eagles and 2 golden 
eagles in 1987 and 1 bald eagle and 2 
golden eagles in 1992. Wing notching 
consisted of an "'6 x 6 cm portion of 
vanes of adjacent secondary feathers 
removed mid-shaft on most eagles 
captured. The wing notch appeared as a 
small but distinct hole in the wing and 
aided in visual identification when in 
flight. 

Bald eagles were aged by plumage 
characteristics presented in McCollough 
(1989) and Harmata (1984). Sex of bald 
eagles was assigned based on size using 
mensural data and the formulas 
proposed by Garcelon ct al. (1985). Age 
class (adult/immature) of golden eagles 
was determined based on amount of 
white and number of gray bars in tail 
feathers. Formulas generated by 



discr iminate analysis of mensural data
from 74 golden eagles were used to 
assign sex. A FORTRAN program 
incorporating the a priori age class 
variable and the 5 most discr iminating
variables for classifying sex (Appendix 
A) correctly classified all known sex
eagles (n=12; Harrnata, unpubl. data).

We collected 3-8 cc's of blood per 
eagle which was deposited in sodium 
heparinized vacutainers. Three cc of 
whole blood per eagle was sequestered 
for heavy metal and Se analysis. If 
available, an additional 2-5 cc of whole 
blood per eagle was centrifuged to 
separate plasma which was pipetted off 
and separated into 2 equal samples. 
Whole blood and plasma were frozen 
and stored at -22° C within 1 hr. Whole
blood was analyzed for Pb, Hg, and Se 
at Montana State University (MSU) 
Chemical- Analytical Laboratory. 
Samples for Pb analysis were digested 
with nitric acid and concentrations 
determined by Graphic Furnace 
Additions (GFAAS). Samples for Hg 
analysis were digested by nitric acid in 
closed vessels and analyzed by Cold 
Vapor Generation using SnCl

2 
reductant 

Atomic Absorption Spec troscopy 
(Verwolf 1988). Samples for Se analysis 
were digested with nitric acid and 
concentrations determined using 
Palladium Matrix Modifier and GFAAS. 
Recovery of all 3 elements from spiked 
samples was >90 percent. One plasma 
sample (0.5 to 2 cc) from each of 18 bald 
and 29 golden eagles was analyzed for 
16 organochlorine compounds at MSU 
Chemical Analytical Laboratory using 
methods recommended by U.S. 
Environmental Protection Agency 
(EPA)(see Thompson 1974). All results 
are reported on a wet weight basis. 
Detection limits of heavy metals, Se, and 
organochlorine compounds are shown 
in Table 1. Plasma samples (0.5-2 cc) 
from 15 bald and 19 golden eagles were 
analyzed for total ChE and AChE 
activity at EPA Environmental Research 
Laboratory, Corvallis, OR. Plasma BChE 

was the difference between total ChE 
and AChE. Not all samples were frozen 
or analyzed at equal intervals from 
collection. Some thawed brief ly and
were refrozen and some stored at 
different temperatures. All may have 
affected reactivity of ChE (Fairbrother et 
al. 19

9
1). Because of chronic lack of 

funds, duplicate samples were not 
analyzed for any constituent. 

Table 1. Detection limits of he avy metals 
and selenium (ppm wet weight) analyzed in 
whole blood and organochlorines (ppb wet 
weight) analyzed in plasma of vernal 
migrant e

a
gles in west-central Montan

a
, 

1985-1993. 

Compound Detection Compound Detection 

Limtt Limtt 

Heavy meta ls(ppm) 
Lead 0.06 Mercury 0. 03 

Selenium 0. 1 0 

Organcx:hlonnes (ppb) 
Mirex 19 Aldnn 3 

Methoxychlor 35 Heptachlor 2 

p,�DDT 1 3 Lindane 3 

p,�DDD 9 il-BHC 2 

p,� DDE 3 6-BHC 4 
Endnn 4 a-BHC 1 

Dieldnn 5 Hexachlorobenzene 1 

Heptachlor Epoxide 4 Oxychlordane 3 

Eagles were grouped by species, age 
class (immature/adult), and sex for 
comparisons of mean contaminant 
concentrations. Distributions of 
concentrations for all contaminants were 
skewed; therefore data were log 
transformed and geometric means 
computed for comparisons. Means 
tests were performed among groups 
only when �50 percent of samples from 
both groups exhibited detectable 
concentrations of contaminant. Samples 
below detection limits were assigned 
values equal to one half the detection 
limit for the respective contaminant 
(Wiemeyer et al. 1989). Chi-square 
analysis was used to compare frequency 
of occurrence among groups when >50 
percent of samples in one group were 
below the detection limit. Arithmetic 
means were used for ChE comparisons 
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and analyses were performed on 
nontransformed data. Years with <4 
samples (1985, 1986, 1989) for a given 
species were not included in analysis of 
annual differences in contaminants. 
SOLO, a statistical software package for 
personal computers (BMDP, 1440 
Sepulveda, Los Angeles, CA 90025) was 
used for chi-square, ANOVA, and t
tests. Statistical significance was 
assigned at P�0.05, but P values >0.05 
were presented when differences were 
considered biologically significant. 
BMDP Neuman-Keuls Range tests 
identified differences detected by 
ANOVA. Contaminant concentrations 
are reported in parts per million (ppm) 
wet weight. ChE activity is expressed in 
µmoles of acetylthiocholine iodide 
substrate hydrolized/min/L of plasma 
(µmoles/min/L). 

RESULTS 
We collected blood samples from 

123 of 156 eagles captured between 1985 
and 1993: 37 bald eagles and 86 golden 
eagles. Adults (>3years old) comprised 
49 percent of bald eagles sampled and 
58 percent of golden eagles sampled. 
Number of samples analyzed varied 
from year to year (range 3-30). 

Only 1 of 4 radio-tagged golden 
eagles was relocated more than 1 day 
post capture; most left the study area 
within hours of release. Two of 5 radio
tagged bald eagles were detected within 
the study area for 3 days. No eagles 
with wing notches were observed > 1 hr. 
post release. 

Heavy metals and SE were detected 
in both species (Table 2). Blood Pb 
values were grouped according to 4 
exposure criteria proposed by Redig 
(1984); <0.20 ppm = background; �.20 
ppm to 0.59 ppm = exposed; 0.60 ppm 

to 0.99 ppm = clinically affected; 2:1.00 
ppm = acute Pb poisoning (Table 3). A 
higher proportion of bald eagles (86%) 
were exposed to elevated (�.20 ppm) 
environmental Pb than golden eagles 
(56%)(x2=2.13, P=0.145, df=1). Bald 
eagles had higher Pb and Se 
concentrations than golden eagles 
(1=3.52, P=0.001; 1=10.99, P=0.002, 
respectively). A significant difference in 
frequency of occurrence of detectable 
Hg was found between species 
(x2=15.75, P=0.0001, df=1), with bald 
eagles exhibiting much greater exposure 
than golden eagles (Table 2). No 
differences in frequency of occurrence of 
detectable contaminants in blood were 
found across sex or age class within 
species (all analyses, x2<0.42, P>0.5, 1 
df). 

Pb concentrations in bald eagles 
declined over time from 1987 (x = 0.53) 
to 1992 (x = 0.35), and yearly differences 
may have been biologically significant 
(F=2.32, P=0.101); no differences among 
years occurred for Hg concentrations. 
Bald eagles had higher Se concentra
tions in 1991 (x = 0.81) and 1992 (0.94) 
than in 1987 (0.42) or 1990 (0.16) 
(F=14.58, P<0.001). Differences in Pb 
and Se concentrations in golden eagles 
occurred among years (F=6.42, P=0.001; 
F=4.91, P<0.001, respectively). 
Frequency of occurrence of Hg in blood 
of golden eagles also was different 
among years (x2=12.95, P=0.011, df=4), 
ranging from 100 percent exposed in 
1991 (n=6) to none exposed in 1989 
(n=l) and 1990 (n=16), but a consistent 
trend for either heavy metal or Se over 
time was not evident. There was no 
correlation of Se with Hg in either bald 
eagles (r=-0.14, P=0.43) or golden eagles 
(r=0.14, P=0.27). 

Table 2. Heavy metal and selenium concentrations (ppm wet weight) and frequency of 
occurrence in blood of vernal migrant eagles in west-central Montana, 1985-1992. 

Pb Hg Se 
Maximum Percent Maximum Percent Maximum Percent 

Mean Level' Detected Mean Level' Detected n Mean Level' Detected n 

Bald eagle 0.32 
Golden eagle 0.18 

1.10 
1.30 

'Minimum level was below de!ectoon hm!. 

97 
85 

37 0.54 
86 -' 

'Grealer than 50 percent ot sample below de!ection !unit 
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1.70 94 34 
1.00 22 77 

0.55 
0.31 

2.80 94 

1.70 88 
34 
77 



Table 3. Lead exposure levels in blood of 
vernal migrant eagles captured in west
central Montana, 1985-1992. 

Number Detected (%) 
Exposure (ppm) Bald Eagles Golden Eagles 

<0.20 5 (13.5) 38 (44.2) 
0.20-0.59 27 (73.0) 37 (43.0) 
0.60-0.99 3 (8.1) 9 (10.5) 
�1.00 2 (54) 2 (2.3) 

37 (100.0) 86 (100.0) 

Only 6 of 16 scanned organochlorine 
compounds were detected in blood of 
migrant eagles, but at very low 
concentrations (Table 4). Frequency of 
occurrence of DOE and ODD was no 
different in bald eagles than golden 
eagles (x2=0.43, P=0.51, df=l; x2=0.03, 
P=0.86, df= 1, respectively). No 
differences between sex or age classes 
within species were found for any 
organochlorine compound detected (all 
analyses, x'<0.101, P>0.75, df=l). 

Table 4. Frequency of occurrence and 
maximum concentrations (ppm wet weight) 
of organoclorine compounds detected in 
plasma of vernal migrant eagles in west
central Montana, 1990-1993. 

Bald Eagle (n= 18) Golden Eagle (n=29) 

Percent Maximum' Percent Maximum 
Compound Detected Level' Detected Level 

p, p·- DOE 67' 0.087 
p, p'-DDD 6 0.010 
Oleldrin 11 0.007 
Hexac:hlorobenzene 22 0.001 
Heptachlor Epox ide 
Oxyc:hlordane 

1M1rumum level was below deteclion llm� 
'Mean concen1ra1ion was O 007 ppm. 

48 0.021 
7 0.009 

10 0.039 
3 0.010 

ChE in plasma was analyzed in 
blood of 34 eagles captured in 1990 and 
1991 (Table 5). Differences in total ChE 
activity approached significance 
between sexes of golden eagles (1=2.09, 
P=0.069) and bald eagles (/= 1.80, P=0.09) 
and age classes of golden eagles (I= 1.90, 
0.074). Bald eagles had lower total ChE 
activity (1=4.52, P=0.0001), AChE 
activity (1=2.43, P=0.025), and BChE 
(1=3.77, P=0.011) than golden eagles but 

higher percentages of BChE (Fig. 1). 
Four bald eagles and 5 golden eagles 
had BChE:ChE ratios �80 percent. Of 
those groups, 2 bald eagles (13.3% of 
total) and 2 golden eagles (10.5% of 
total) had total ChE activity values >2 
SE below the sample mean. 

Table 5. Cholinesterase (ChE) activity 
(µmoles/min/L) in plasma of vernal migrant 
eagles captured in west-central Montana, 
1990 and 1991. 

Species (n) Total ChE AChE' BChE' 
Age/Sex (n) i SE i SE i SE 

Bald Eagle (15) 691 32 171 15 520 28 
Immature (8) 707 41 157 21 549 42 

Adult (7) 673 55 187 23 486 34 
Male (7) 631 31 149 25 481 33 

Female (8) 744 49 190 17 553 42 
Golden Eagle (19) 1033 61 296 31 736 67 

Immature (9) 917 63 283 36 633 48 

Adult(10) 1137 93 ':!/J7 50 830 116 
Male (7) 1209 124 324 51 885 161 

Female (12) 929 48 279 39 650 41 

'Acelylcholinesterase 
'Butyrylcholines1erase 

811d E1g!e1 Golden Eagles Bald Eagles Golden Eagles 

Figure 1. Acetyl- (AChE) and butyryl
(BChE) cholinesterase activity and 
proportion of total cholinesterase (ChE) 
activity in plasma of vernal migrant bald 
(n=15) and golden eagles (n=19) captured 
in west-central Montana, 1990 and 1991. 

DISCUSSION 

Heavy Metals and Selenium 
Pb apparently continues to 

contaminate a large portion of the 
Continental eagle population in spring. 
In Montana, a greater proportion of 
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vernal migrant bald eagles (97%:this 
study) was contaminated with Pb than 
autumn migrants (41.4%, Table 1, 
Wiemeyer et al. 1989). Proportion of 
golden eagles exposed to Pb in Montana 
(86%:this study) was less than that 
reported for those in California 
(94.6%:Pattee et al. 1990), but detection 
limits were lower (0.01 ppm) in 
California than this study and may 
influence interpretation. 

Tissue-bound Pb has been shown 
not to contribute to contamination at 
higher trophic levels (Custer 1984), so 
the source of contamination in vernal 
migrant eagles appears to be Pb shot, 
projectiles, or fragments in food items. 
Mortality and morbidity from Pb 
poisoning has been recorded in bald and 
golden eagles (Pattee et al. 1981, Redig 
et al. 1983, Reichel et al. 1984, Gill and 
Langelier 1994). In virtually all cases, 
the source of Pb was shot or projectiles. 
In western Montana, shooting is 
commonly used for population control 
of ground squirrels and "plinking 
gophers" is popular recreation. Both 
activities are intense in spring when 
migrant eagles are present. We have 
seen up to 30 eagles following shooters 
from pasture to pasture and some eagles 
appear to cue on the report of small 
arms. Of 32 ground squirrels shot with 
.22 cal. long rifle, hollow point (HP) 
bullets, 18 (56%) had visible Pb 
fragments in radiographs of whole 
carcasses, as did 6 of 8 (75%) shot with 
.22 cal. magnum HP loads (Harmata, 
unpubl. data). Fragments as large in 
profile as #7 1/2 shot were present in all 
squirrels with fragments and many had 
fragments as large as #2 shot. Four 
squirrels shot with magnum loads had 
fragments at least 4 x 5 mm, with some 
as large as 6 x 6 mm. Both bald eagles 
(38%) and golden eagles (26%) in our 
study had Pb concentrations in blood 
indicative of "significant recent 
exposure" i.e., �.4 ppm (Wiemeyer et 
al. 1989) and both species commonly 
scavenge hunter-killed ground squirrels. 
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The link between Pb poisoning in 
bald eagles and ingestion of waterfowl 
wounded with Pb shot has been well 
established (Pattee and Hennes 1983). A 
similar mechanism doubtless exists with 
golden eagles because they commonly 
take waterfowl (Olendorff 1976, Palmer 
1988). Although Pb shot has been 
banned for waterfowl hunting in the 
U.S., use is still legal and widespread in
Canada where most migrant eagles
originate (Harmata 1984, McClelland et
al. 1994, TIily 1995). Continuous
exposure to contaminated waterfowl is
feasible as ducks and geese wounded
the previous autumn in Canada may
gradually weaken or succumb
throughout winter and spring in the
U.S. and become available to eagles.

Determining sublethal effects of any 
contaminant and concentration at which 
they occur is problematic as is the 
impact on individuals or populations 
represented (Heinz 1989). Most 
toxicology studies report contaminant 
concentrations derived from analyses of 
tissues other than blood. Relating blood 
concentrations to other tissue 
concentrations for toxic thresholds of 
contaminants is tenuous (Henny and 
Meeker 1981, Hensler and Stout 1982). 
Regardless, the USFWS established �O.S 
ppm Pb in blood of eagles as indicative 
of toxic but sublethal exposure (Redig 
1985). Redig (1984) considered blood Pb 
concentrations of 0.2-1.00 ppm in eagles 
indicative of toxic, chronic, sublethal 
exposure and Redig (pers. comm.) felt 
that eagles with a blood Pb 
concentration of �0.80 ppm should be 
debilitated or at least appear sick. 
Symptoms of sublethal, toxic exposure 
to Pb in raptors may include anorexia 
(Reiser and Temple 1981), impairment of 
vision and motor activity (Pattee et al. 
1981), and increased susceptibility to 
disease, capture, and collisions with 
vehicles (Scott and Eschmeyer 1980, 
Reiser and Temple 1981, Redig 1985). 

Severe problems of lead poisoning 
in raptors have been reported and a few 





contain high concentrations of Hg 
(Eisler 1987). The source of Hg in 
aquatic ecosystems is generally 
unknown but is often related to leaching 
Hg from hard rock mine tailings treated 
with the "Washoe Process" (Martin 
1992). Mines with tailing piles thus 
treated are present throughout the 
northern Rocky Mountains and western 
Canada. Portions of the western U.S. 
and Canada cover mecuriferous rock 
Uonasson and Boyle 1971 in Wiemeyer 
et al. 1989) and natural leaching also 
may be a source of Hg in watersheds. 
Once in aquatic ecosystems, Hg is 
bioaccumulated as methyl-mercury 
through micro-organisms (Colwell et al. 
1975) to invertebrates (Hildebrand et al. 
1980) to fishes or, directly into fish 
through gill surfaces from water 
(Phillips and Buhler 1980). Tissue Hg in 
some fishes increases exponentially with 
size (Phillips et al. 1987) and the 
contaminant is further biomagnified in 
predators. 

Low concentrations and detection 
rates of Hg in blood of golden eagles 
probably reflect upland habitat and prey 
preferences. Golden eagles prefer 
mammalian prey which generally is less 
dependent on aquatic foods and thus 
would be less likely to accumulate Hg. 
However, direct consumption of fish by 
golden eagles may be higher than 
reported historically (e.g. , Camie 1954; 
3.6%, Olendorff 1976; 0.4%). For 
example, golden eagles captured 
spawning rainbow trout (Oncorhynchus 
mykiss) in Arizona during March (Brown 
1992) indicating that fish may be 
included in the diet of migrants more 
than previously recorded. Golden eagles 
nesting along the Scottish coast had 
lower reproductive success than those 
inland because they fed on 
contaminated seabirds (Furness et al. 
1989). Gulls (Larus spp.), notorious for 
accumulating contaminants (Kozie 
1986), migrate along similar routes as 
eagles in Montana and may be taken by 
eagles. 

Dietary Hg affects raptorial species 
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neurologically (Fimreite and Karstad 
1971) and reproductively (Fimreite and 
Karstad 1971, Wiemeyer et al. 1984). 
Neurological effects appear to be 
manifested in a threshold effect 
resulting in overall weakness and 
wasting. Se may mitigate effects of Hg, 
or vice versa (Pellitier 1985, Eisler 1987) 
but no correlation between Hg and Se 
was found to indicate antagonistic 
interaction of the 2 elements. However, 
uptake and excretion rates may vary 
and any compensatory mechanism may 
be masked by analysis of only one 
sample per subject. None of the eagles 
sampled in this study displayed 
symptoms of Hg poisoning and we are 
unaware of any published accounts of 
toxic concentrations of Hg in blood of 
bald or golden eagles. We suspect as 
result of attention to Pb poisoning and 
lack of funds for additional analyses, 
some studies may have attributed Hg
induced mortality or morbidity in eagles 
to Pb (e.g., Craig et al. 1990). 

Incidence of Se residues in both bald 
and golden eagles was high, with mean 
concentrations higher than those 
considered toxic in bovines (�.50 ppm 
in blood: Eisler, R., Patuxent Wildl. Res. 
Ctr., pers. comm.). However, 
applicability of this toxic concentration 
to birds is tenuous. Se induced 
mortality has been documented in 
waterfowl, but the effects are primarily 
teratogenic or manifested in reduced 
natality or productivity (Eisler 1985, 
Ohlendorf et al. 1988, Heinz et al. 1989, 
Hoffman et al. 1990). Although 
congenital mandibular deformities have 
been observed in bald eagles in the 
Great Lakes Region, Bowerman et al. 
(1994) stated Se was an unlikely 
causitive agent and similar effects have 
not been recorded for eagles elsewhere. 
None of the eagles from our study 
exhibited symptoms of Se poisoning. 

Organochlorines 
ODE (a metabolite of DDT) was the 

primary contaminant reducing 
reproductive success of bald eagles in 



North America with the majority of 
exposure from the avian portion of the_
diet (Wiemeyer 1991). Although DDE 1s 
less toxic to birds than most 
organochlorines, it can elicit abnormal 
behavior, egg shell thinning and adult 
and embryonic mortality (Risebrough 
1986). Low concentrations found in our 
study reflect the ban on DDT and 
subsequent decline in use, but 
continued presence (i.e., detection 
frequency) indicates persistence of the 
chemical. 

DDE concentrations in wintering 
bald eagles in Colorado in 1977 were 
higher than those for autumn migrant 
eagles in Montana in 1979-1981 (Henny 
et al. 1979, Wiemeyer et al. 1989) all of 
which were higher than eagles sampled 
in our study between 1990 and 1993. 
DDE concentrations in plasma may be 
expected to be up to 2 times greater than 
that of whole blood (Wiemeyer, pers. 
comm.). Early samples with highest 
concentrations (Colorado) were plasma 
as were those with lowest 
concentrations and most recent 
collection dates (this study). Mid-range 
samples, both in chronology and DDE 
concentrations (autumn migrants in 
Montana) were whole blood. 
Differences among studies are probably 
a function of history, origin, and 
movements of eagles sampled, and 
laboratory techniques. Regardless, 
considering the sequence of studies, 
sample type and magnitude 
relationships of contaminant 
concentrations, and that eagles from all 
studies may move along similar 
migration routes (n.b. McClelland et al. 
1994), results of all 3 studies indicate a 
progressive, dramatic decline in 
organochlorine residues in bald eagles, 
punctuating the efficacy of bans and use 
restrictions on organochlorine 
pesticides. 

Organochlorine residues were 
detected in a surprising number of 
golden eagles sampled. Nearly half of 
the golden eagle plasma samples (48%) 

had detectable concentrations of DDE. 
The source was most likely waterfowl. 

Cholinesterases 

Organophosphorus and carbamate 
poisons used as rodenticides, 
insecticides and predacides have caused 
significant mortality in bald and golden 
eagles (Franson et al. 1985, Henny et al. 
1987, USFWS 1991). Such poisonings 
continue throughout the west (USFWS 
1991, Associated Press 1991 A and B, 
1993A and B, Garber 1992) because of 
mounting frustration among stockmen 
due to unavailability of effective 
predacides (e.g., 1080). The primary 
mechanism of poisoning is through 
illegal use of registered, legal 
insecticides (carbofuran, carbaryl, 
famphur, fenthion). These compou�ds
are mixed with ethylene glycol (vehicle 
anti-freeze) and applied to large 
ungulate carcasses, ostensibly to kill 
coyotes. Several instances were noted m 
spring 1991 where one illegally 
poisoned bait carcass killed 10 eagles 
along the Rocky Mountain Front in 
Montana (USFWS 1991). 

ChE activity in all bald eagle 
samples from our study was >20 percent 
lower than that found by Dieter and 
Wiemeyer (1978). Lower AChE activity 
of samples generated by this study may 
be a result of captive, controlled 
situation of eagles in their study or use 
of different substrate between studies. 
However, difference is more likely a 
function of less than optimal sample 
preservation procedures dictated by 
field studies in remote areas employed 
in our study. 

Taira and McEwen (In press) found 
higher BChE activity in nestling golden 
eagles in areas treated with an 
anticholinergic pesticide than nesthngs 
in an untreated control area. They 
attributed increased BChE activity to a 
rebound effect caused by release of large 
amounts of enzyme from the liver 
(Thompson 1991), suggesting the ratio 
of AChE to BChE may be more 
indicative of exposure to anticholinergic 
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compounds than depressed AChE 
alone. If so, up to 13 percent o

f 
bald 

eagles and 10 percent o
f 

golden eagles 
in wes t-central Montana may have been
exposed to anticholinergic compounds. 

Evaluahon o
f 

the proportion of 
migrant eagles exposed to 
antichohnergic compounds is tenuous 
and should be viewed with extreme 
caution without more data on baseline 
ChE activity in normal wild eagles 
collected under optimal conditions. If 
AChE:BChE ratio is more indicative of 

exposure than absolute values, 
preservation techniques may not have 
seriously affected interpretation of 

results. 

CONCLUSION 

Despite fairly pervas ive incidence 
and occasionally high concentrations of 

potentially toxic contaminants, 
populations from which both eagle 
species originated appear stable or 
increasing. Bald eagles migrating 
through Montana originate in central to 
northern, western Canada (Harmata 
1984, McClelland ct al. 1994) and 
population status and productivity there 
is normal (n.b. Gerrard ct al. 1994). 
Additionally, bald eagles in the 
Continental U.S. were reclassified from 
endangered to threatened on 12 July 
1995 (Fed. Reg. 60:36000-36

0
10). Status 

of wintering populations (primarily 
composed of migrants) contributed to 
reclassification. Studies on population 
status of golden eagles have indicated 
healthy and stable populations in the 
Continental U.S. (e.g., Harlow and 
Bloom 1989, Phillips ct al. 1990) but we 
arc aware of no similar studies in 
western Canada. However, counts of 
vernal migrant golden eagles at Rogers 
Pass, Montana and Mt. Lorette, Alberta 
between 1987 and 1994 showed little 
difference in magnitude among years 
(Tilly 1995), suggesting at least 
population stability. 

10 I lannata and Restani 

ACKNOWLEDGEMENT 
Work was funded in part by the EPA

facilitated by Hawk Watch International, 
Inc.; Montana Dept. of Fish, Wildlife and 
Parks, ongame Program; Sacajawea 
Audubon Society; and Harrison and
Melissa Ford. Of particular note arc the 
contributions of John Ensign, Mary 
McFadzcn, Al Bath, Rick Yates, Dennis
Flath, Beth Madden, Perry Shane, John 
Toepfer, Rob Hazlewood, and Dan 
Peterson. Lazio Torma, MSU Chemica l
Analytical Lab and Anne Fairbrother, 
EPA, supervised analyses of blood and
plasma. Graduate students from MSU 
assisted m spnng field work. 
Landowners that gracious ly pr ovided 
access and bait included Barry Hedrick, 
Jim Higgins, Jerome Kiff, Lyle and 
Myrtle Woosley, Russell Robinson, 
Verna Lou Landis, and Judy and Al 
Jenkins. Stan Wicmeycr critically 
reviewed the ms. and provided many 
helpful suggestions for analysis, 
perspect ive and presentation of results.
Two anonymous reviewers also 
improved the ms. 

LITERATURE CITED 

Associated Press. 1991A. Official: 
Poisoning of wildlife is on the rise. 
Bozeman Daily Chronicle, Bozeman 
MT, 15 Sept. 

_ _ _  . 1991 B. Federal investigators 
claim ranchers arc poisoning eagles. 
Bozeman Daily Chronicle, Bozeman, 
MT, 16 Sept. 

_ _ _  . 1993A. Charges filed in 
controversial eagle case. Bozeman 
Daily Chronicle, Bozeman MT, 16 
May. 

_ _ _  . 1993B. Rancher is fined for 
poisoning eagles, hawks. 
Bozeman Daily Chronicle, Bozeman 
MT, 11 ov. 

Bowerman, W. W., T.J. Kubiak, J.B. Holt, 
Jr., D.L. Evans, R.G. Eckstein, C.R. 
Sindelar, D.A. Best, and K.D. Kozie. 
1994. Observed abnormalities in 
mandibles of nestling bald eagles 





Gerrard, J.M, P. N . Gerrard, P. . Gerrard, 
G.R. Bortolotti, E.H. Dzus. 1992. A 
24-year study of bald eagles on 
Besnard Lake, Saskatchewan. J. 
Raptor Res. 26:159-166. 

Gill , C.E., and K.M. Langelier. 1994. 
Acute lead-poisoning in a bald eagle 
secondary to bullet ingestion. Can. 
Vet. J. 35:303-304 . 

Hall , R.J. 1987. Impact of pesticides on 
bird populations. Pages 86-111 i n G. J. 
Marco, M .  Hollingworth, and W. 
Durham, eds. Silent Spring Revisited. 
Amer. Chem. Soc., Washington, D. C. 

Harlow, D.Land P.H. Bloom. 1989. 
Butcos and the golden eagle. Pages . 
102-110 in Proc. Western Raptor 

Managemen t Symposium and 
Workshop. Nat. Wild!. Fed. 
Washington, D.C. 

Harmata, A.R. 1984. Bald eagles o f the 
San Luis Valley, Colorado: their 

winter ecology and spring migration. 
Ph.D. Diss., Montana St. Univ., 
Bozeman. 222 pp. 

__ _  . 1985. Capture of wintering 
and nesting bald eagles. Pages 
139-159 in J.M. Gerrard and T.N. 
Ingram, eds. The bald eagle in 
Canada. Proc. of Bald Eagle Days 
1983. White Horse Plains Pub., 
Hcading ly, Manitoba and The Eagle 
Foundation. Apple River, IL. 

Heinz, G. 1989. Editorial. How lethal arc 
sublcthal effects? Environ. Toxicol. 
Chem. 8:463-464. 

--� D.J. Hoffman, and L.G. Gold. 
1989. Impaired reproduction of 
mallards fed an organic form of 
Selenium. J. Wild I. Manage. 
53:418-428. 

Henny, C.J., and R.G. Anthony. 1989. 
Bald eagle and ospr ey. Pages. 66-82 
in Proc. Western Raptor Management 
Symposium and Workshop. Nat. 
Wild!. Fed. Washington, D.C. 

--� C.R. Griffin, D.W. Stahlecker, 
A.R. Harmata, and E. Cromartie. 
1979. Wintering bald eagles in 
Colorado and Missouri have low 

12 I /armata and Restanr 

contaminant levels. Can. Field at. 
95:249-252. 

--� and D. L. Meeker. 1981. An 
evaluation of blood plasma for 
monitoring DDE m birds of pre y . 
Environmental Pol lution . 
25A:29 1-304. 

- -� E.J. Kolbe, E.F. Hill , 
and L.J. 

Blus. 1987. Case histories of bald 
eagles and other raptors killed by 

orga nophosphorous insecticides 
topically applied to livestock. J. 
Wild!. Dis. 23:292-295. 

Hensler, G., and W. Stout. 1982. Use of 
blood levels to infer carcass levels of 
contaminants. Arch. Environ. 
Con tam. Toxicol. 11 :235-238. 

Hildebrand, S. G ., R.H. Strand, and J. W. 
Huckabee. 1980. Mercury 
accumulation in invertebrates of the 
North Fork Holston River, Virg i nia 
and Tennescc. J. Environ. Qual. 
9:393-400. 

Hill, E. F. 1989. Sex and storage affect 
cholinesterase activity in blood 
plasma of Japanese quail. J. Wild!. 
Dis. 25:580-585. 

--�and W.J. Fleming. 1982. 
Anticholincstcrase poisoning of 

birds: Field monitoring and 
diagnosis of acute poisoning. J. 
Environ. Toxicol. Chem. 1:27-38. 

Hoffman, D. J.
, 

B. A. Rattner, and R.J. 
Hall. 1990. Wildlife toxicology. 
Environ. Sci. Technol. 24:276-283. 

Hoffman, D.}., B. A . Rattner, G. A. Barton, 
Jr., and J. Cairns, Jr. 1995. Handbook 
of ecotoxicology. Lewis Publishers. 
Boca Raton, FL. 

Jackman, R.E., W. G. Hunt, D. E. Driscoll, 
and F.J. Lapansky. 19 94. Refinements 
to selective trapping techniques: a 
radio-controlled bow net and po wer 

snare for bald and golden eag l es. J. 
Raptor Res. 28:268-273. 

Jacobsen, E., J. W. Carpenter, and M. 
ovilla. 1977. Susp ected lead 

toxicosis in a bald eagle. J . Amer. Vet. 
Med. Assoc. 171 :952-954. 





Porter, S. L. 1993. Pc ticidc poisoning in 

birds of prey. Pages 239-245 In P. T. 

Redig, J. E . Cooper, D. B. Hunter and 
T. Hahn, eds. Raptor biomedicine. 
Uni v. of Minnesota Press, St. Paul. 
265 pp. 

Redig, P. T. 1984. An investigation into 
the effects of lead poisoning on Bald 
Eagles and other raptors: final repo r t. 
Minnesota Endangered Species 
Program Study 100A-100B. U niv. of 
Minnesota, St. Paul. 

_ _ _  . 1985. A report on lead 
toxicosis studies in bald eagles. Final 
Rcpt. U.S. Dept. of Interior, Fish and 
Wild I. Scrv. Proj. No. BPO 
#30181-0906. FY 84. 11 pp. 

--�CM. Stove, D. M . Barnes, and 
T.D. Aront. 1983. Lead toxicosis in 
raptors. J. Am. Vet. Med. Assoc. 

177:941-943 

Reichel, W.J ., S. K. Schmeling, E. 
Cromartie, T. E. Kaiser, A.J . Krynitsky, 
T. G. Lamont, B. M. Mulhern, R.M. 
Prouty, CJ. Stafford, and D. M. 
Swineford. 1984. Pesticide, PCB, and 
lead residues and necropsy data for 
bald eagles from 32 states 1978-81. 
Environ. Monit. Assess. 4:395-403. 

Reiser, H. M ., and S. A . Temple. 1981. 
Effects of chronic lead ingestion on 
birds of prey. Pages 21-25 in J.E. 
Coope r, and A. G . Greenwood, eds. 
Recent advances in the study of 

rapto r diseases. Proc. Intl. Symp. on 
Dis. of Birds of Prey. Chiron Pub!., 
Ltd. West Yorkshire, UK. 176 pp. 

Risebrough, R.W. 1986. Pesticides and 
bird populations. Pages. 397-427 in 
R.F. Johnston, ed. Current 
Ornithology, Vol. 3. Plenum Press, 
NY. 

Scott, T. G ., and P. H . Eschmcyer. 1980. 
Fisheries and wildlife research. 1980. 
Activities in the Divisions of 
Research for the fiscal yea r 1980. U.S. 
Fish and Wild I. Ser., GPO, Denver, 
co. 12 1 -122. 

Stalmastcr, M. V. 1987. The bald eagle. 
Universe Books, New York. 227 pp. 

14 Harrnata and Restan
i 

Swenson, J.E, T. C Hinz, S.J. Knapp, H.J. 
W ntland, and J.T. Herbert. 1981. A 
survey of bald eagles in southeastern 
Montana. J. Raptor Res. 15:113-120. 

Taira, T. and L. C McEwen. In Press. 
Blood analysis of American kestrel 
and golden eagle ncstlings exposed 
to malathion or carbaryl. Environ. 
Tox. Chem. 

Thompson, H.M. 1991. Scrum "B" 
c !erases as an indicator of exposure 
to pesticides. Pages 110-125 in P. 
Mineau, ed. Cholinesterase inhibiting 
insecticides-their impact on wildlife 
and the environment, Elsevier, 
Amsterdam, The cthcrlands. 

Thompson, J .F., ed. 1974. Analysis of 
pesticide residues in human and 
environmental samples. Health 
Effects Res. Lab., Environ. Toxicol. 
D iv., US Environ. Protect. Agency, 
Research Triangle Park C 13 Sects. 
plus subsects. 

Tilly, F.C 1995. Continental summaries 
and regional reports. orthern 
mountains and plains. HMANA 
hawk migration studies. 20:16-17. 

USFWS. 1991. Patterns of mortality in 
bald eagle carcasses recovered in 
Montana. Rcpt. to Asst. Reg. Dir., 
Fish and Wild I. Enhance., Reg. 6, 
Denver CO. 

Vcrwolf, M.C 1988. Microwave 
digestion of eagle bloods for AA 
determination. Presented at Midwest 
Reg. AOAC mtg. 12-14 June, 
Madison, WI. 

Wiemcyer, S. . 1991. Effects o
f 

environmenta l contaminants on 
raptors in the Midwest. Pages 
168-181 In Proc. Midwest raptor 

management symposium and 
workshop. atl. Wild!. Fed., 
Washington, D.C. 

- -� T. G . Lamont, C.M. Bunck, C.R. 
Sindelar, F.J. Gramlich, J .D. Fraser 
and M.A. Byrd. 1984. 
Organochlorine pesticide, 
polychlorobiphenyl, and mercury 




	IJSv1i1
	IJSv1i4
	IJSv1i3
	IJSv1i6
	IJSv1i5
	IJSv1i8
	IJSv1i7
	IJSv1i10
	IJSv1i9
	IJSv1i12
	IJSv1i11
	IJSv1i14
	IJSv1i13
	IJSv1i16
	IJSv1i15



