
BREEDING AND FEEDING ECOLOGY OF BALD EAGL~S IN 

THE APOSTLE ISLAND NATIONAL LAKESHORE 

by Karin Dana Kozie 

A Thesis 

submitted in partial fulfillment of the 

requirements for the degree 

MASTER OF SCIENCE 

College of Natural Resources 

UNIVERSITY OF WISCONSIN 

Stevens Point, Wisconsin 

December 1986 



APPROVED BY THE GRADUATE COMMITTEE OF; 

Dr. Raymond K. Anderson, Major Advisor 
Professor of Wildlife 

Dr. Neil F 
Professor of 

Dr. Byron Shaw 
Professor of Water Resorces 



ACKNOWLEDGEMENTS 

Many people donated considerable time and effort to 

this project. I wish to thank Drs. Neil Payne and Byron 

Shaw -of-n my graduate n committee, for---providing Use fliT 

comments on this manuscript; my committee chairman, Dr. 

Ray Anderson, whose support, patience and knowledge will 

long be appreciated. Special thanks to Chuck Sindelar, 

eagle biologist for the state of Wisconsin, for 

conducting aerial surveys, organizing banding crews and 

providing a vast supply of knowledge and time, and to Ron 

Eckstein and Dave Evans of the banding crew, for their 

climbing expertise. I greatly appreciate the help of the 

following National Park Service personnel: Merryll 

Bailey, ecologist,.provided equipment, logistical 

arrangements and fisheries expertise; Maggie Ludwig 

graciously provided her home, assisted with fieldwork and 

helped coordinate project activities on the mainland 

while researchers were on the islands; park 

ranger/naturalists Brent McGinn, Erica Peterson, Neil 

Howk, Ellen Maurer and Carl and Nancy Loewecke donated 

their time and knowledge of the islands. Many people 

volunteered the~r time in fieldwork; including Jeff 

Rautio, Al Bath, Laura Stanley, John Foote, Sandy Okey, 

Linda Laack, Jack Massopust, Dave Ross, Joe Papp, Lori 

Mier, Kim Pemble and June Rado. Mona Colburn of the 

Illinois State Museum, identified fish bones. Steve 

LaValley assisted in scale identification. Dr. Stanley 

iii 



Wiemeyer, u. s. Fish and Wildlife Service, Laurel, MD 

provided unpublished data. Chuck Sindelar, Al Harmata 

and Rick Frenzel also provided critical comments on this 

manuscript. I would like to thank my parents, for their 
------ ----

encouragement and guidance and belief in happiness. 

iv 



TABLE OF CONTENTS 

Acknowledgements ••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
List of Figures •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
List of Appendices •••••••••••••••••.••••••••••• 

BREEDING AND FEEDING ECOLOGY OF BALD EAGLES IN THE 
APOSTLE ISLAND NATIONAL LAKESHORE. 

Abstract ..................................... . 

Introduction •••••••••••••••• . . . . . . . . . . . . . . . . . . 
Study Area ••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

iii 

vi 

vii 

viii 

1 

3 

6 

Methods. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9 

Results and Discussion ••••••••• . . . . . . . . . . . . . . . 13 

Productivity ••••••••••••• . . . . . . . . . . . . . . . . . . 13 

Survival................................... 21 

Contaminant Levels in Bald Eagles.......... 23 

Food Habits ••••••••••••••••••••.••• 29 

Contaminants in Eagle Food Items ••• . . . . . . 40 

Recommendations for Future Research and 
Management ••••••••• . . . . . . . . . . . . . . . . . . . . . . 47 

Literature Cited ••••• . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Appendices ••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . 59 

v 



LIST OF TABLES 

Table 1. Productivity of bald eagles nesting in 
the Apostle Islands and along the 
Wisconsin snoreline of LaKe Superior, 
1984-1986"................................. 15 

Table 2. Thickness of eggshell fragments 
collected from bald eagle nests on the 
Apostle Islands and nearby mainland 
shoreline of Lake Superior, 1983-1985 ••••• 19 

Table 3. Concentrations of environmental 
contaminants in 5 eaglets and 1 juvenile 
bald eagle from Lake Superior and 
inland Wisconsin nests, 1984 and 1985 ••••• 24 

Table 4. Food remains collected at bald eagle 
nest and perch trees on the Apostle 
Islands and nearby mainland shoreline ••••• 36 

Table 5. Concentrations of environmental 
contaminants in fish from eagle foraging 
areas in the Apostle Islands, 1984 and 
1985...................................... 42 

Table 6. Concentrations of environmental 
contaminants in herring gulls from the 
Apostle Islands, 1985 ••••••••••••••••••••• 45 

vi 



Figure 1. 

LIST OF FIGURES 

Study area and present bald eagle 
nest locations in the Apostle Islands 

---and- nearby mainland- shot el±ne .-~.; .~~ •• : • • - - T 

Figure 2. Nest attentiveness of adult eagles on 
Outer Island, 1984 and 1985 •••••••••••••• 28 

Figure 3. Primary foraging areas and nest 
locations of bald eagles nesting within 
the AINL, 1984 and 1985 •••••••••••••••••• 30 

Figure 4. Summer sightings of adult bald eagles 
on the Apostle Islands and nearby 
mainland shoreline, 1984 and 1985 •••••••• 32 

Figure 5. Percent occurrence of observed 
food items vs. prey remains collected 
at Outer, Michigan and North Twin 
Islands.......... . . . . . . . . . . . . . . . . . . . . . . . . . 38 

vii 



Appendix 1. 

APPENDIX 

Food items of bald eagles at 
individual nest sites on the 
Apostle Islands ananearoyu 
mainland shoreline ••••••••••••••••••••• 

viii 

59 



ABSTRACT 

Food habits and foraging areas, and chemical contaminants 

in ~-agl~ food~ __ a~d ca_E~asse~_w~re __ l!~~di~(l j._n_ balg __ eagl~~

(Haliaeetus 1euco9ephalus) nesting within the Apostle 

Island National Lakeshore (AINL) during 1984 and 1985. 

Data on food habits collected during banding operations in 

1983 and 1986 are also included. Productivity was 

monitored during 1984-1986. Food habits were determined 

by collecting prey remains from below nest and perch trees 

and by direct observation. Fish comprised 52.4% of prey 

remains and 97.0% of.observations. Common species 

included longnose sucker (Catostomas catostomas), burbot 

(~ lQta), white sucker (Catostomus commersoni), and 

round whitefish (Prosopium cylindracem). Birds, primarily 

herring gulls (Larus argentatus), comprised 46.9% of prey 

remains and 1.5% of observations. Mammals comprised 0.7% 

of food remains and 1.5% of observations. Organochlorine 

and PCB residues were present at low levels (DDE: i = 0~07 

ppm, PCB: x = 0.21 ppm) (wet weight) in fish. Adult and 

immature herring gulls contained higher concentrations 

(DDE: x = 5.4 ppm, PCB: x = 13.5 ppm) and appear to be the 

major source of elevated contaminant levels in the Apostle 

Island bald eagle population. The source of herring gull 

contamination is unknown. Migratory birds, wintering in 

areas where DDT is still in use, may add additional 

contaminants to the eagle food chain. Eagle feeding areas 

were located primarily along the shores near nest areas 

1 



during late incubation, brood rearing and early post

fledging periods. An average of 0.9 young/occupied nest 

were produced in the Apostle Islands during 1984-1986 

compared ~iffi- a•:erage --e-£--l-.-3- young/occupied -nest produced -

statewide in Wisconsin during those years. Nestling 

mortality was 27% among island nests (4 of 15 young). 

Contaminant levels in nestling bald eagle carcasses 

collected from Lake Superior nests were higher than those 

collected inland, suggesting local contamination. 

Replacement of adult females in 2 nests and the known 

death of an adult female at a 3rd nest, indicates a high 

turnover among breeding adults in the AINL during 1985. 

Current production in the Apostle Islands may be due to a 

younger breeding cohort, with low contaminant levels, 

dispersing from the inland population. Disturbance did 

not appear to be a factor affecting productivity or 

survival. 
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Bald eagle populations declined substantially from 

about 19 4 7 th£OU<I_h _!:he ~~!J.Y 1_~7 O's, _9_91l<;_1JJ' rent '~lith the 

use of the persistent organochlorine pesticide DDT in 

North America (Broley 1958, Sprunt and Ligas 1966, Abbott 

1967, Newton 1979, Gerrard 1983}. DDE, a metabolite of 

DDT, has been associated with eggshell thinning in many 

avian species (Heath et al. 1969, Peakall 1970, Wiemeyer 

and Porter 1970, Cade et al. 1971, McLane and Hall 1972, 

Cooke 1973, Lincer 1975, Henny 1977}. Evidence of DDE 

ind~ced eggshell thinning in bald eagles has also been 

documented (Hickey and Anderson 1968, Postupalsky 1971, 

Anderson and Hickey 1972, Weimeyer et al. 1972, Grier 

1974, Rauber 1976, Grubb and Rubink 1978, Grier 1982, 

Wiemeyer et al. 1984}. Decreases in shell thickness have 

resulted in subsequent population declines in raptors and 

other species (Porter and Wiemeyer 1969, Newton 1979, Blus 

1982, Helander 1982, Mendenhall et al. 1983}. 

Eagles nesting along the shores of the Great Lakes 

were severely affected by organochlorine contaminants, 

producing an average of only 0.13 young/active nest from 

1961-1970; a minimum of 0.7 young/active nest is needed 

to maintain a stable population (Sprunt et al. 1973}. 

Inland production in the western Great Lake States began 

to increase shortly after the ban on DDT in 1972 (Madsen 

et al. 1985, Sindelar 1983}, resulting in the dispersal 

of birds toward Lake Superior and other areas (Sindelar 
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1983). Eagles nesting along the Wisconsin shores of Lake 

Superior, however, continue to demonstrate poor 

reproductive success despite increased production at 

inland sites (Sindelar 1983, 1985). 

In the Apostle Islands, nesting was already sporadic 

by the 1960's when population surveys were begun1 only 2 

successful nests were documented in the islands during 

that decade. However, the National Audubon Society 

reported 33 historic nests in the Apostle Islands during 

1960-1969, suggesting eagles were common breeders there 

prior to that time. Nesting pairs were absent throughout 

the 1970's and began to re-establish territories among 

the islands between 1980 and 1983. However, they did not 

produce young until 1983, when an eagle was fledged from 

Outer Island (Sindelar 1983). 

Addled eggs, collected from the Apostle Islands and 

Lake Superior south shore nests during 1970-1982, 

contained higher levels of organochlorine (ODE: 11.0-29.0 

ppm, dieldrin: 0.3-1.6 ppm), PCB (6.8-98.0 ppm) and 

mercury (0.21-0.47 ppm) residues than inland Wisconsin 

eggs (Wiemeyer et al. 1984, S. Wiemeyer, unpub. data). 

The source of this contamination was unknown. 

The pu~pose of this study was to determine the cause 

of reproductive failure in the Apostle Island National 

Lakeshore (AINL) bald eagle population. Specific 

objectives were to: (1) locate, document and monitor 

reproductive success of eagles nesting in the AINL, (2) 
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determine seasonal food habits and foraging areas of AINL 

eagles, (3) determine contaminant levels in eagle foods 

and carcasses, and (4) record and analyze pertinent life 

history infor111at~on incl_\l~~ng_l?~_l!.:l'\Tio_r p~t_t_Eg_n_~- al"lc:l 

parental activities, inter- and intraspecific eagle 

behavior and disturbance factors for potential causes of 

low productivity. 

Food habits and foraging areas, and chemical 

contaminants in eagle foods and carcasses were studied in 

bald eagles nesting within the AINL during 1984 and 1985. 

Data on food habits collected during banding operations in 

1983 and 1986 are also included. Productivity was 

monitored during 1984-1986. 
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STUDY AREA 

The AINL is located in northern Wisconsin, along the 

southwest shore of Lake Superior. It is composed of 20 

is-lands -and-a 19-km ·unit -of- mainland · shorel±ne- -tFi-g-;- :tJ. 

Islands range in size from 1.2 ha (Gull Island) to 4021 

ha (Stockton Island) and have a collective area of 15,967 

ha. Outer Island, is the farthest island from the 

mainland, being 24 km away. Annual precipitation 

averaged 100 em during 1984 and 1985. Mean temperature 

for January was -10 C and for July, 19 C. Lake Superior 

rarely freezes completely and influences climatic 

conditions within 32 km of its shoreline (Soil 

Conservation Service 1961, National Atmospheric and 

Oceanic Administration 1984, 1985). 

The islands lie within the Boreal and Conifer

Hardwood interphase (Curtis 1959) and contain flora of 

both. Plant associations are diverse and vary with soil 

types. A yellow birch (Betula ~leghaniensis) - white 

cedar (Tbu}a occidentalis) association predominates among 

forest cover types (Beals and Cottam 1960) although sugar 

maple (~ saccharnum), paper birch (Betula pgpyrifera), 

balsam fir (Abies Qslsamea) and trembling aspen (~!Y£ 

tremuloides) have begun to replace this association in 

more recent times (Anderson and Stowell 1985). Bald 

eagles nest and perch in supracanopy trees; white pine 

(Pinus strobus) is the dominant supracanopy species in 

currently active nest territories. A more comprehensive 

description of select island cover types and associated 
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Fi~. 1. Study area and present bald eagle nest locations on the 
Apostle Islands and nearby mainland shoreline. 

7 



wildlife can be found in Anderson and Stowell (1985). 

Eight breeding pairs were monitored in this study, 6 

nested on the islands, 1 each on Outer, Michigan, North 

Twin, Oak, Devils and York Islands and 2 nested near the 

mainland shoreline on Fish Creek and Sand River. Outer, 

Michigan, North Twin and Devils Islands are the 4 

outermost islands1 each supported an active bald eagle 

nest at some time between 1983 and 1986. The nest on Oak 

Island was not discovered until 1985 and was inactive at 

that time. The Fish Creek and Sand River nests are 

located outside AINL boundaries. The Fish Creek nest, 

located 12.9 km from Lake Superior on-a stream draining 

into the lake, was included in this investigation, 

because of its past history of containing highly 

contaminated eggs (Wiemeyer et al. 1984). The Sand River 

nest was included due to its proximity to Lake Superior 

(2.6 km). All of these nests have similar histories, 

i.e., none successfully produced young prior to 1983 

(Sindelar 1983). 
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METHODS 

Active nests were located by airplane in mid-April 

during the annual Wisconsin bald eagle breeding sur~ 

conducted by the Wisconsin Department of Natural 

Resources (WDNR). A second aerial survey was conducted 

in late May to determine reproductive success. Active 

territories were observed between 14 May and 13 November 

in 1984 and 29 April and 27 September in 1985. 

Food habits were determined by collecting prey 

remains at nest and perch trees and by direct 

observation. Food remains were initially collected from 

the 3 active nests on Outer, North Twin and Michigan 

Islands in mid-June while banding young in 1984 and 

1985. Periodic collections from below nest and 

perch trees were continued until early September. The 

Fish Creek, Sand River, and Oak Island nests were 

monitored in 1985. Five visits were made to the Sand 

River nest and 1 to Fish Creek. Food remains were 

collected from the nest on Oak Island after 2 adults had 

been reported there consistently in early June 1985. 

Prey remains collected during banding operations at Outer 

and North Twin Islands in 1983 and Outer, Devils and York 

Islands in 1986 were also included. Food remains were 

also collected from the nest on North Twin Island which 

failed early in incubation in 1986. Methods used to 

determine food habits were similar to those of Mollhagen 

et al. (1972) for golden eagles (Aguila chrysaetos). 
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Species were identified by comparison with museum 

specimens. Minimum number of individuals was determined 

by the greatest number of identical bones or feathers per 
----~-~ ~~--~~~ - -- -------- --------------- ------

taxon. Fish scales were identified to family (Lagler 

19S2). ·All food debris was collected during each visit 

to a nest to avoid repetition in counting; fresh remains 

were wrapped in aluminum foil and frozen for contaminant 

analysis. Observations of fishing attempts were recorded 

with regard to location and estimated distance from 

shore. Water depths were determined from U.S. 

topographic maps. 

Only the 3 successful island nests during 1983 and 

1984 were observed. Nests on North Twin and Michigan 

Islands were monitored from a boat; observation points 

varied between SO and 200 m from nests, but most often 

were about SO m. The Outer island nest was observed from 

a lighthouse tower, 0.8 km distant, with a Questar 7 

telescope (1600 f/14). Binoculars (20 X 70) facilitated 

observations at all nests. Nests were usually monitored 

from dawn to dusk. 

Gill nets were set in eagle foraging areas to 

collect fish for contaminant analysis. Composite samples 

of 2-6 individuals of each species were collected. Fresh 

food items found in or below nest trees were analyzed 

separate from composite samples; samples were pooled 

where more than 1 of the same species was present. Six 

herring gulls (Larus argentatus), 3 adults and 3 
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immatures, were collected and analyzed for chemical 

contaminants; 2 adults were found dead, the rest were 

trapped or shot. Two dead nestling herring gulls were 

collected from _the_ eagle _ne_s_tn on Michigan Island during 

banding. 

Four dead eagles were collected for contaminant 

analysis. Two dead nestling eagles, 1 from Michigan and 

the other from North Twin Island, were collected in 1985. 

A juvenile eagle from North Twin Island, electrocuted in 

Salem, Florida at 6 months of age, and a 10-day old 

eaglet, from a mainland nest along the Lake Superior 

shoreline (Amnicon River), were recovered in 1984. 

Contaminant analyses were conducted by the Wisconsin 

State Lab of Hygeine, Madison, WI. Fish were homogenized 

whole; skin, feet, beak and wings of herring gulls were 

removed prior to grinding. Breast, brain and kidney 

samples only were analyzed from bald eagles. A 10 g 

tissue sample was mixed with 60 g of anhydrous sodium 

sulfate and extracted in a 20 mm I.D. chromatographic 

column with 200 ml of dichloromethane at an elution rate 

of 5 ml/min. Tissue analysis was performed by electron 

capture gas chromatography on a 4% SE- 30 and 6% OV-210 

glass column~ Carrier gas was 90% argon/10% methane 

(Interum methods of organic analysis, unpub. lab manual, 

Wise. State Lab of Hygeine, Madison, WI.). Recovery 

ranged from 80% to 110%. Residue levels were not 

corrected for recovery values. Detection limits were 

0.05 ppm for o,p'-DDT, p,p'-DDT, o,p'-DDD, p,p'-DDD, 

11 



o,p'-DDE, p,p'-DDE, cis-chlordane, trans-chlordane, cis

nonachlor, trans-nonachlor and methoxychlor; 0.01 ppm for 

hexachlorobenzene (HCB), alpha benzene hexachloride (BHC) 

·ana gamma BHC; o:oz- ppm-~oi aieldriri and- endrTn;--and 0.2 

ppm for PCB's. Toxaphene could not be quantified as 

samples contained only a limited number of the many 

possible toxaphene components and are therefore referred 

to as toxaphene-like compounds in the text. Detection 

limits were 1.0 ppm for toxaphene components. Mercury 

was analyzed via cold vapor atomic absorption (Manual of 

analytic methods, unpub. lab manual, Wise. State Lab of 

Hygeine, Madison, WI.). Detection limits for mercury 

were 0.03 ppm. Contaminant values below the level of 

detection were assigned 1/2 the lower limit of detection 

to calculate means. Means for residue data are 

geometric. All contaminant concentrations are reported 

in ppm wet weight. 

The distance at which perched adult eagles flushed 

from a 3m inflatable research boat was recorded to 

determine responses of nesting eagles to boat 

disturbance. Initial flushing distances, determined 

early in the nesting season, were used to preclude any 

bias imposed by habituation of eagles to the research 

boat. 
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RESULTS ~ DISCUSSION 

Productivity 

Eagles nesting on Outer, Michigan and North Twin 

!-sTands eacn·produceayoung during 1984 anai985. An 

inactive nest on Oak Island was climbed on 22 July 1985; 

it contained eggshell fragments and food remains but the 

condition of the lining material suggests that this nest 

was occupied in 1984. The eggs probably did not hatch. 

Commercial fishermen, who reported the nest, did not see 

any young there in 1984 despite almost daily observations 

from late May through August. Eagles nesting on Outer, 

York and Devils Islands successfully produced young in 

1986. 

The number of young/occupied nest has been used as 

an indication of population stability (Sprunt et al. 

1973). An occupied nest is one at which evidence of a 

breeding pair exists; the pair may or may not produce 

eggs or young (Northern States Bald Eagle Recovery Plan 

1983). It is estimated that at least 50% of nesting 

pairs must be successful and produce a minimum of 0.7 

young/occupied nest to maintain a stable population 

(Sprunt et al. 1973). However, 1.0 young/occupied nest 

is more indicative of a healthy population (Wiemeyer et 

al. 1984}. 

The AINL had 4 occupied nests in 1984, 3 in 1985 and 

5 in 1986 and produced an average of 0.9 young/occupied 

nest during those years. Nests along the Wisconsin 
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shoreline of Lake Superior (including the AINL) produced 

an average of 0.9 young/occupied nest from 1984 -1986 and 

had an average nest success of 57% (Table 1). These 

figures Jtre below _the_ statewide averages_Df lJ 

young/occupied nest and 75% nest success during 1984-

1986. While productivity figures are useful indicators 

of population stability, they should be applied with 

caution to small populations. Five of the 10 nests 

adjacent to Lake Superior failed in 1984 and at least 3 

of those that failed were inactive in 1985, resulting in 

only 5 and 4 successful nests in 1984 and 1985, 

respectively. Nesting attempts near Lake Superior 

increased in 1986. However, 2 of the 5 island nests or 5 

of the 11 total nests along the Wisconsin shoreline of 

Lake Superior failed in 1986, increasing the number of 

successful nests to only 6. 

The poor productivity of eagles nesting near Lake 

Superior can be attributed, in part, to nestling 

mortality~ 5 young died in 1984. Two young died in the 

nest on Michigan Island at about 6 weeks of age; cause of 

death is unknown. A 10-day old nestling, from the 

Amnicon River, was killed in a fall from the nest tree. 

Multiple wounds on its body suggest sibling aggression 

may have been occurring in the nest. Feather remains of 

a 2nd nest mate and a 3rd, healthy young were also 

present. Feather remains found under the Sand River nest 

indicate the young produced there in 1984 died at about 

the time of fledging. A juvenile from North Twin Island, 
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Table 1. Productivity of bald eaglea neating in the Apoatle lalanda and along the 
Wieconain ahor.el.lne of Lake suparior, UtU-1188. 

1184 1186 1188 

No. No. Young No. No. Young No. No. Young 
Neat Young Pledged Young Pledged Young Fledged 

Outer leland 2 2 1 1 1 1 

Michigan Island 2 pa 2 1 IAb 

North Twin leland 2 2 1 I' 0 I' 

Oak leland 0 F IA lA 

York leland lA IA 2 2 

DevUa leland 2 2 

1-' Madeline leland 0 I' \J1 

Chequamagon Point 2 2 0 F 1 1 

Honeet .John Lake 0 F lA 1 1 

Fiah Creek 2 2 2 2 0 F 

Sand River 1 F 2 2 2 2 

Bark River 0 F lA 0 F 

Aanicon River 3 1 IA IA 

Poplar River/Bardon Creek IA .!A _Q J. 

Total 14 9 8 8 I 8 

Young/Occupied If eat 0.9 1.0 0.8 

Nestling Mortality 36- 25~ 0-

a F .. Failed. 

b IA • Inactive. 



about 6 months of age, was also recovered, after being 

electrocuted in Salem, Florida on 6 December 1984. 

Young died in 2 island nests at about 5 weeks of age 

in -na-s-. -- One -oT z--youfig died Tn tlie nest on Mrchigan-

Island: cause of death is unknown. The death of an adult 

may have contributed to the mortality of a single 

nestling on North Twin Island. Nest abandonment may 

occur after the death of 1 parent, resulting in nestling 

mortality (Ohmart and Sell 1980). 

Nestling survival improved in 1986 along the Lake 

Superior shoreline. All of the 9 young produced there 

survived to fledging. However, 1 of 2 young from Devils 

Island was found in a weakened condition on 4 September 

1986 on the Chippewa National Forest in Minnesota. It 

died shortly afterward. Necropsy is incomplete at this 

time. Post-fledging survival for most eagles produced 

near Lake Superior is unknown. The juvenile from North 

Twin Island which was electrocuted in Florida appeared to 

have been healthy prior to its death, e.g. no diseases 

were detected and lipid levels in the carcass indicated 

the bird was not starving. 

The numbers of dead young found on the is lands and 

nearby mainland shoreline during 1984 and 1985 were high 

compared to other areas. Nestling mortality among Lake 

Superior nests was 36% (5 of 14) in 1984 and 25% (2 of 8) 

in 1985. Four of the 7 dead young were from the Apostle 

Islands. Inland mortality was 3.7% (10 of 274) in 1984 
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and 3.9% (11 of 283) in 1985. Actual inland mortality 

was probably higher. The figures presented were 

calculated from the number of young found dead at the 

time of banding,u reported to have. died afterward, -0-!"u 

found the following year. This does not include young 

that died early and were not present at nests during 

banding. Kussman (1977) reported 5.2% (3 of 58 

nestlings) mortality for nestlings on the Chippewa 

National Forest, Minnesota from 1970-1973. Fraser (1981) 

found 6 of 164 nestlings dead in nests from the same area 

during 1974-1978. An additional 7 disappeared, some or 

all of which may have died in the nest and been removed 

by adults or scavengers, resulting in 8% nestling 

mortality. •· 
Trends in reproductive success are a more accurate 

indicator of environmental quality than productivity 

within individual years (Wiemeyer et al. 1984). The 

trend toward increased production in the AINL since 1980 

may be a result of several factors. Some of the failures 

were most certainly due to chemical contamination. 

Addled eggs collected from Madeline and Michigan Islands 

in 1980 and 1982 contained elevated levels of DDE (13, 14 

ppm), dieldrin (1.0, 1.1 ppm), PCB (6.8, 12 ppm) and 

mercury (0.4, 0.47 ppm) (S. Wiemeyer, unpub. data). 

Wiemeyer et al. (1984) reported mean 5-year production 

was near normal in breeding areas containing <3.0 ppm DDE 

in eggs. Production decreased substantially at levels 

exceeding 5.1 ppm DDE and near complete failure occurred 
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in breeding areas where DDE was >15.0 ppm. Mean 5 year 

production estimates from Apostle Island eggs are 0.29 

and 0.27 young/active nest for nests on Madeline and 

Michigan Islands, respectivery.- Dieldrin and mercury may 

adversely affect reproduction at egg levels >1.0 ppm and 

0.5 ppm, respectively (Wiemeyer et al. 1984). Residues 

in bald eagle eggs from the Apostle Islands approach or 

exceed these values. Effects of PCB's on bald eagle 

reproduction are unknown as PCB's are commonly correlated 

with DDE residues (Weimeyer et al. 1984). 

DDE levels are negatively correlated with eggshell 

thickness (Wiemeyer et al. 1984). Eggs probably did not 

hatch on Oak Island in 1984, but eggshell fragments did 

not implicate thinning as a factor (Table 2). Sindelar 

(1983) reported the presence of young birds in the AINL 

breeding population. Some nest failures may have been 

the result of young or non-breeding pairs laying eggs but 

not completing incubation (Newton 1979). Eggshell 

fragments collected from 5 nests during 1983 through 1985 

showed only a moderate amount of thinning (0%-8%). These 

data are approximations only however, because the 

position of fragments on the egg was unknown and there is 

a potential fo~ decrease in eggshell thickness during the 

latter part of embryonic development (Kreitzer 1972). 

Thinning >15-20% is associated with a declining 

population (Anderson and Hickey 1972, Newton 1979). 

Weather may affect productivity in individual years 
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Table 2. Thickness of eggshell fragments collected from bald eagle 
nests on tihe Apostle Islands and nearby mainland shoreline 
of Lake Superior, 1983-1985. 

Success Approximate 
in year adjusted % Change frot 

Nest Year collected thickness (mm) pre-1946 nor 

Outer Island 1983 1 0.64 +5 
Oak Island 1984 F 0.61 0 
N. Twin Island 1984 2 0.56 -8 
Outer Island 1985 1 0.58 -5 
Sand River 19S5 2 0.60 -2 



(Postupalsky 1967) or at individual nests but the 

consistency of reproductive failure in the Lake Superior 

bald eagle population suggests it is more likely related 

to other factor~._ _ _J_!!_add_i_tiQ!lr _§orne g_f_the_failU.!-"~~ ___ _ 

occurred late in the season when weather conditions were 

relatively mild. 

Disturbance may also.affect productivity and was 

monitored during 1984 and 1985. Eagles are known to be 

sensitive to a variety of distubances during the nesting 

season although there is considerable variation among 

individuals (Mathisen 1968, Northern States Bald Eagle 

Recovery Plan 1983, BioSystems Analysis and University of 

California, Davis 1985, Fraser et al. 1985). Human 

disturbance in the AINL appears to be minimal during the 

critical periods of breeding, incubation and early 

hatching (March through mid-June). July and August are 

the periods of highest public use within the AINL, but 

visitation to islands with active nests was low thoughout 

the summer. Visitation to Outer and Michigan Islands was 

only 3% of recorded island visitation and only 0.5% of 

total park visitation during 1984 and 1985. In addition, 

97% of the visitors to Outer and Michigan Islands came 

after 30 June (Monthly public use report, AINL, unpub.). 

North Twin Island is currently designated as a •Protected 

Natural Area Subzone• (National Park Service 1984a). No 

docking or camping is allowed there and only 1 instance 

of visitation to this island was known. In addition, 

eagle nests in the AINL were generally located in remote 
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areas during 1984 and 198S, therefore boat disturbance 

would have been more common than other types, especially 

at Michigan and North Twin Islands where nests were 

located closer tu the shoteline~ --IrrtlM,u-adu-lts-at

Michigan and North Twin Islands flushed at 100m and SO m 

from the research boat, respectively, although eagles on 

Michigan Island were noticably nervous and uttered defense 

calls from the nest when the research boat was within lSO 

rn in 198S. This pair later became habituated and 

tolerated boat distances of SO m or less. Only 7 boats 

with park visitors came within 200 m of the shoreline near 

nest areas at Michigan and North Twin Islands in 772 hours 

of observation. Park Service rangers also made weekly or 

biweekly boat patrols of these areas. Most of the boat 

traffic on Outer Island was associated with boats coming 

into the dock. Eagles used the bay east of the dock to 

hunt. However, eagles perched in the east bay did not 

flush as boats came into the dock, 0.8 km distant, and 

only once was an eagle on Outer Island observered to alter 

its fight direction in response to a moving boat. In 

general, disturbance did not appear to be a factor 

affecting productivity or survival. 

Survival 

Brown streaking on the head and tail of adult females 

at Outer and Michigan Islands indicate both pairs 

experienced a replacement_ in 198S. The documented death 
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of an adult eagle on North Twin island and the replacement 

of adults on Michigan and Outer Islands indicate a high 

turnover among breeding adults during 1985. Cause of 

death for -the- adult female -011-~t-h Twin Island -i-s

unknown; decomposition of the carcass was too advanced for 

thorough autopsy or contaminant analysis. The bird was 

sexed by measurement according to Bortolloti (1984). 

Survival rates may be more important than reproductive 

success (Grier 1982), as population turnover may mask the 

loss of breeding adults. Increased productivity at 

individual nest sites is likely due to pair member 

replacement rather than decreases in contaminant loads of 

existing adults, as DDE loss rates in birds is slow 

(Stickel et al. 1984, Grier 1982). Grier (1982) 

suggested the rapid recovery of bald eagles in 

northwestern Ontario, following the ban on DDT, may have 

been due to a high turnover among breeding adults. The 

current production in the Apostle Islands and along the 

mainland shoreline of Lake Superior may also be due to a 

younger breeding population, with low contaminant levels, 

dispersing from the inland population. The Lake Superior 

population is likely maintained by ingress and might even 

be expected to increase as available habitat is filled. 

Occupied territories in the Apostle Islands increased 

from 3 in 1985 to 5 in 1986. Overall production, 

however, will probably not increase until contaminants 

sufficiently decrease in the prey base. survival within 
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the Lake Superior population needs to be examined and may 

be the most important element of population dynamics 

among Lake Superior eagles. 

Contaminant Levels in ~ Eagles 

Chemical contaminants may have been a factor in the 

survival of nestling bald eagles. The dead nestling 

collected from Michigan Island in 1985 contained elevated 

brain and tissue levels of DDE and PCB's (Table 3), 

likely associated with the increased use of herring gulls 

as a food source at this nest. Levels of contaminants 

among the other dead eagles from nests near Lake Superior 

were low but still higher than elsewhere in the state 

(WDNR, unpub. data). Mercury 1tvels were slightly 

elevated in the juvenile from North Twin Island that was 

eletrocuted in Florida at about 6 months of age. It had 

4.4 ppm mercury in its kidney. The source of mercury is 

unknown; it may have been ingested locally or during 

migration. The nestling from the Amnicon River nest 

contained 2 ppm of a toxaphene-like substance. Toxaphene 

was banned as a pesticide in 1982 although existing 

stocks can be used through 1986 (Environmental Protection 

Agency 1979). Major use areas included the Dakotas, 

California and the southeastern United States (Rice and 

Evans 1984, International Joint Commission 1985). 

Toxaphene was detected in Lake Superior fish during this 

study and reported by Schmitt et al. (1983), suggesting 
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Table 3. Concentration• of envirqn.ental conteainante in a eaglete and 1 juvenile bald eagle troa Lr· Superior and inland Wiaconain neata, 1984 and 198&. 
I 

Be•~s;lue cogceg!jrat~on (I!U wet weiaht) 
i 

Neat - lipid o,p-DDT o,p-DDD p,p-DDD p,p-DDE dieldrin endrin PCB ~ercury 

~ Superior 

Michigan Ie. 
Brain 0.18 0.16 0.28 16.0 0.97 0.17 u.o 
Breaat 0.6 N.D.• N.D. 0.06 !L3 0.29 0.03 1,.0 
Kidney 

Allnicon Riverb 
0.5, 

Brain lf.D lf.D. N.D. 1.8 0.13 N.D. 8.7 
N Breaat 0.8 lf.D. N.D. o.o8 1.1 0.07 N.D. '·' .p. Liver 1.0 

N. Twin Ia.c 
Brain 
Breaat 0.8 N.D. N.D. N.D. 1.& 0.1& 0.02 3.3 
Kidney d 0.36 

N. Twin Ia. 
Brain 8.0 0.05 0.08 0.08 1.& 0.19 0.06 2.8 
Breaat 8.2 N.D. N.D. N.D. 0.12 0.03 N.D. 0.27 
Kidney '·' Liver 3.1 

Inland 

Oneida Co. 
Brain 6.3 N.D. N.D. N.D. 0.08 0.0, N.D. o.u 
Breaat 7.2 lf.D. N.D. N.D. 0.07 0.03 N.D. 0.27 
Kidney 0.&2 

Vilaa Co. 
Brain 6.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
Breaat ,.8 N.D. N.D. N.D. 0.06 N.D. N.D. N.D. 
Kidney j0.30 



N 
VI 

Tabla I coat1nuad. 

Raat c-c:hlordana t-chlordane c-nonachlor t-nonachlor 

Lake SuJ!!!r ior 

Michigan Ia. 
Brain 0.17 0.07 0.39 0.46 
Breaat N.D. N.D. 0.07 0.14 

Aanicon River 
Brain N.D. N,.D. N.D. N.D. 
Braaat N.D. N.D. N.D. 0.07 

•• '!'Win Ia • 
Brain 
Bra-t N.D. N.D. N.D. 0.12 

•• '!'Win Ia • 
Brain 0.07 N.D. 0.10 0.11 
Braaat N.D. N.D. N.D. N.D. 

Inland 

Onieda Co. 
Brain N.D. N.D. N.D. N.D. 
Breaat N.D. N.D. N.D. N.D. 

Vilaa Co. 
Brain N.D. N.D. N.D. N.D. 
Breast N.D. N.D. N.D. N.D. 

a N.D. • not detectable. 

b Sample also contained 2 ppm of a toxaphene-like compound. 

haxachlorobenzene g.... BHC 

0.10 N.D. 
0.03 II.D. 

N.D. N.D. 
R.D. II.D. 

0.02 N.D. 

0.02 0.01 
N.D. N.D. 

N.D. R.D. 
N.D. N.D. 

N.D. N.D. 
N.D. II.D. 

c Sample ia a 6 week old eaglet collected from the neat in 1986. 

d Sample 1• a 6 aontb old eagle froa North Twin leland collected 1n Salea. Florida on 6 Deceaber 1984. 

aathoxychlor 

0.14 
II.D. 

R.D. 
N.D. 

N.D. 

R.D. 
N.D. 

N.D. 
N.D. 

N.D. 
N.D. 



that atmospheric deposition is the major source of 

contamination (Rice and Evans 1984). Toxaphene was 

reported more often and in higher levels in Wisconsin 

bald eagle eggs than elsewhere in the u. s. between 1969 
----~-- ----~---

and 1979 (Wiemeyer et al. 1984). Its effect on birds is 

not well known. Although it is a lipophilic compound, 

domestic poultry and black ducks (~ rubripes) were 

able to metablolize toxaphene faster than DDT or dieldrin 

(Bush et al. 1977, Haseltine et al. 1980), thereby 

reducing potential deleterious effects. Mehrle et al. 

(1979) found that reproduction and survival in black 

ducks fed 10 and 20 ppm toxaphene, was not affected 

although ducklings exhibited reduced growth and impaired 

backbones. 

All contaminant levels in nestling bald eagles were 

well below those diagnostic of death due to pesticide 

poisoning. However, documentation on the effects of sub

lethal pesticide levels on nestling sur vi val or parental 

behavior in bald eagles is lacking. Nestling mortality 

in pheasants (Phasianus gQlchicus) was significantly 

greater in the offspr i"ng of hens fed 50 mg PCB weekly 

than those fed 0 or 12.5 mg (Dahlgren and Linder 1971). 

Ring doves (Streptopelia risoria), fed a mixture of PCB, 

DDE, mirex and photomirex, alter~d incubation, brooding 

and feeding behavior and a dose related decrease in 

fledging success occurred (McArthur et al. 1983). Fox et 

al. (1978) found nest defense behavior and incubation 

attentiveness of Lake Ontario herring gulls negatively 
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correlated with female organochlorine levels. Incubation 

attentiveness decreased in ring doves fed 10 ppm PCB 

(Peakall and Peakall 1973). Dieldrin in the diet of 

mallar_~ (Anu_ :elatyrhynchos) __ f~f:i_l~J.-t~~L in d_~cre~_sed _ 

flushing distance, nest defense and nest attentiveness 

and increased embryonic and duckling mortality rates 

(Winn 1973). However, sensitivity to organochlorine 

pollutants varies among species (Newton and Bogan 1978, 

Harris and Osborn 1981). PCB's did not significantly 

affect parental behavior or nestling survival in mallards 

(Custer and Heinz 1980), puffins (Fratercu~£ arctica) 

(Harris and Osborn 1981), or British sparrowhawks 

(Accipiter nisus) (Newton and Bogan 1978). ODE 

contamination reduced nest defense behavior in merlins 

(Falco co1umbarus) (Fyfe et al. 1976, Fox and Donald 

1980) but not in prairie falcons (~~ mexicanus) 

(Fyfe et al. 1976). 

Nest attentiveness, i.e., percent of time adults 

spent in the nest or nest tree after hatching, was 

measured at Outer Island in 1984 and 1985. The same male 

was assumed to be present, however the female was 

replaced in 1985. Nest attentiveness was 100% during 

the 1st 2 weeks after hatching in 1985 and the 1st week 

in 1984 but decreased to 92% during the 2nd week in 1984 

(Fig. 2}. Bortolotti et al. (1983) and Gerrard et al. 

(1973) found nest attentiveness of bald eagles during the 

1st 2 weeks after hatching was near 100% but varied 

27 



100 -- --"""" 
"' \ 

eo \ 
- \ 
i;' \ -g 

0 \ 
N N eo -00 

fa \ 

I \ 
40 \ 

\ 
~ \ 

20 \ 

"' " ' -- -----0 

-2 -1 0 1 2 3 4 5 6 7 a 9 10 1 1 12 

WEEKS AFTER HATCH 

Fig. 2 Nest attentiveness of adult eagles on Outer Island, 1984 and 1985. 

!I 

LEGE\ND 

~984 

1985 
I 



substantially after that time. Adults were on nearby 

perches an additional 3% of the time and may have been 

present on other perches not in the view of the observer 

"the remaining 5%. Young were successfully fledged from 

· fie nest both ·years~ -

f.Q..Q!i Habits 

Feeding areas were located primarily along the 

shores near nest areas during late incubation, brood 

rearing and early post-fledging periods (Fig. 3). Ninety 

percent of 231 adult departures from the Outer Island 

nest area to adjacent shorelines we~ toward the north 

end of the is 1 and. The most heavily used area was the 

northwest or closest shoreline to the nest, with 87% of 

all northern departures being in that direction. 

Departures south or southwest, which may have been 

flights off the island, comprised only 5% each of all 

departures. In addition, the length of absence indicates 

that adults did not leave the island during all of these 

flights. The shorelines of nearby islands may also have 

afforded regular feeding areas for eagles nesting on 

Michigan and North Twin Islands. An adult eagle was 

observed flying from Michigan to Stockton Island on 12 

June 1984 and an eagle of unknown age was seen flying from 

Michigan to Madeline Island on 4 July 1985. Sightings of 

adult bald eagles throughout the summer also suggest 

eagles are spending most of their time hunting near 
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nest areas (Fig. 4). 

Fish species in food remains at nests were similar 

to those found in gill nets set along shorelines adjacent 

to nest areas, suggesting eagles were not foraging on the 

mainland where fish species would have varied slightly 

(Johannes et al. 1971). Seasonal variation in foraging 

areas may occur. In 1986, deer (Odocoi~ yirginianus) 

hair was found in the nest on North Twin Island which 

failed in early incubation (mid-April). This pair may 

have been hunting on or near the mainland during early 

spring as deer do not occur on the outer islands 

(Anderson and Stowell 1985). Eagles were observed 

leaving their nest areas to hunt after young fledged. 

Adult and young from North Twin Island were seen flying 

toward the north end of Stockton Island on 21 September 

1984; eagles were reported by Park Service personnel to 

have been feeding there near this date. 

Foraging attempts were observed 96 times: 86 

involved fish and 10 involved avian prey. No scavenging 

was observed, except when eagles took rough fish thrown 

to them by commercial fishermen. Thirty-nine (45%) 

fishing attempts were farther than 1 km from the 

shoreline in water depths ranging from 5 mat Outer 

Island shoal to 76 m south of Michigan Island (x water 

depth = 24 m). Twenty-eight (33%) fishing attempts 

occurred between 50 m and 1 km from the shoreline (x 

water depth = 7 m) and 19 (22%) occurred <50 m from the 

shore •. Low water temperatures of Lake Superior inhibit 
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bloating, resulting in dead fish sinking to the bottom, 

making them unavailable for eagles. Yet burbot, which 

are most common at 18-35 m during summer months in the 

Apostle _Islan?s _ (Baj__leX____l97~J1 were the 2nd most common 

species of fish in prey remains and were found throughout 

the summer. It is not known to what extent the 

commercial fishing industry contributes to the 

availability of certain fish species for eagles. Some 

fish may be injured or killed in nets and released which 

would explain their behavior near the surface of the 

water at distances so far from shore. Herrick (1934) 

noted eagles flying long distances out over Lake Erie. 

Presumably, this was hunting behavior similar to that 

observed in the Apostle Islands. 

While eagles generally show a preference for fish 

(Wright 1953, Dunstan and Harper 1975, Ofelt 1975), diet 

may vary according to locality, time of year and prey 

availability (Retfalvi 1970,·McEwan and Hirth 1980, Todd 

et al. 1982, Harmata 1984). Eagles are opportunistic 

feeders and will take advantage of seasonally abundant 

bird populations (Murie 1940, Wright 1953~ Hayward et al. 

1977, McEwan and Hirth 1980, Griffin et al. 1982). 

A large colony of herring gulls nest on Gull Island, 1.0 

km from the eagle nest on Michigan Island. Gulls were a 

readily available food source for eagles at this nest and 

gull remains were found at the base of the eagle nest 

tree on Michigan Island during every visit. Seven 
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hunting attempts by eagles were observed on Gull Island. 

Adult gulls scattered at the approach of an eagle and 

began mobbing, leaving nestlings exposed. Four herring 

gull nestlings were present among food remains at the 

eagle nest on Michigan Island and a live immature gull 

was observed being taken on 8 August 1985. An adult gull 

was captured live.by an eagle on North Twin Island in 

1984. Double-crested cormorants (fhalacrocorax auritus} 

also nested in large numbers on Gull Island, and red

breasted mergansers (Mergus serrator) were common among 

the islands. However, these species were not represented 

in prey remains. Two adult eagles were observed 

cooperatively hunting a double-crested cormorant near 

Outer Island in 1984, but the attempt failed as did an 

attempt on a Canada goose (Branta canadensis) on 13 June 

1985. 

Harper (1974) estimated that 4 fish/day were 

brought to a Minnesota nest with 2 young. Observations 

of feeding flights of bald eagles in the AINL suggest 

similar feeding patterns. The average number of food 

items brought to the eagle nest on Outer Island with 2 

young in 1984 was 3.4/day and to the nest with 1 young in 

1985 was 2.6/day. These are estimates only as some 

deliveries were missed by observers due to the distance 

of the observation point from the nest (0.8 km). The 

number of food items brought to the nest does not vary 

substantially during the nestling, fledging and post

fledging periods (Retfalvi 1965, Harper 1974, this 

34 



-----

study), although the amount of food consumed by the young 

changes over time. Craighead and Craighead (195~) 

concluded the average daily ration for nestling raptors 

!~s simi.l._ar_~_() t!la~-~ ~dults._ '!'!J.e ~~~rage_ l~ngth oJ 

fish estimated from bones found among food remains in 

this study was 354 mm (range = 240-600 mm). Actual 

lengths of 4 fish found in nests averaged 366 mm. 

Weights averaged 0.3 kg. 

Fish comprised 52.4% of prey remains at nests (Table 

4). Common species at island nests included longnose 

and white suckers, burbot, and round whitefish. Families 

identified from scales include Catostomidae, Salmonidae 

(subfamily Coregoninae) and Cyprinidae. Available 

species include longnose and white suckers; round 

whitefish, lake whitefish (Coregonus clupeaformis), lake 

herring (Coregonus artedii) and bloater chub (Coregonus 

hoyi); and common carp. Birds, primarily herring gulls, 

comprised 46.9% of prey remains. White-tailed deer hair, 

found in the nest on North Twin Island, was the only 

mammal (0.7%) found among food remains, although 4 small 
• rodents were observed being brought to the nest on Outer 

Island in 1984. 

Similar food items were found at the Sand River and 

Fish Creek nests on the mainland. Fish species varied 

only slightly, and included species found both on the 

mainland and in Lake Superior. Scales were from fish in 

the families Catostomidae, Salmonidae (subfamily 
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Table 4. Food remains collected at bald eagle nest and perch trees 
----------~ on the Apostle Islands and nearby mainland shoreline. 

Food Item 

FISH 

Longnose sucker (Catostomas catostomas) 
Burbot (Lota lota) 
White sucker (Citostomas commersoni) 
Sucker (Catostomus sp.) 
Round whitefish (Prosopium cylindracem) 
Carp (Cyprinus carpio) 
Brown bullhead (Ictarus nebulas) 
Lake trout (Salvelinus namaycush) 
Whitefish, chub or herring (Coreqonus sp.) 
Bloater chub (Coreqonus hoyi) 

TOTAL 

BIRDS 

Herring gull (Larus argentatus) 
Blue jay (Cyanocitta cristata) 
Northern flicker (Colaptes auratus) 
American bittern (Botaurus lentiqinosus) 
American coot (Fulica americana) 
Broad-winged hawk (Buteo platyperus) 
Sharp-shinned hawk (Accipiter striatus) 
Common crow (Corvus brachyrhnchos) 
Belted kingfisher (Ceryle alcyon) 
Red-tailed hawk (Buteo jamaicensis) 
canvasback (Aythya valisineria) 
~ommon merganser (Merqus merganser) 
Wood duck (Aix sponsa) 
Lesser golden plover (Pluvialis dominica) 
Red-winged blackbird (Agelaius phoeniceus) 
Hairy woodpecker (Picoides villosus) 
Unidentified birds 

TOTAL 

MAMMALS 

White-tailed deer (Odocoileus virginianus) 

TOTAL 

36 

N 

22 15.3 
20 14.0 

9 6.3 
9 6.3 
5 3.5 
3 2.1 
2 1.-& 
2 1.4 
2 1.4 
1 0.7 

75 52.4 

28 19.6 
7 4.9 
5 3.5 
3 2.1 
3 2.1 
3 2.1 
3 2.1 
2 1.4 
2 1.4 
1 0.7 
1 0.7 
1 9.7 
1 0.7 
1 0.7 
1 0.7 
1 0.7 
4 2.8 

67 46.9 

1 0.7 

l 0.7 



Coregoninae), Cyprinidae, Percidae and Esocidae. 

Available species for the additional families include 

walleye (Stizostedion ~itreum) and yellow perch (Perea 

fla~escens) in Percidae, and northern pike (~ lucius) 

in Esocidae. -All of the species in these fami 1 ies are 

commonly present along the mainland shoreline, 

tributaries draining into the lake, or inland sloughs 

(Johannes 1971, Becker 1983, Bailey, in prep). Eagles 

nesting on islands closer to the mainland, e.g., the nest 

on Oak Island in 1984 or the nest on York Island in 1986, 

may also feed on these species. Bird remains were 

present to a lesser extent at the 2 mainland nests. 

Mammals were absent in food remains at both mainland 

sites. 

Food collections are a relatively accurate indicator 

of the variety of animals consumed but tend to 

underestimate fish whose parts are easily digested and 

decompose more rapidly than birds or mammals (Imler and 

Kalbach 1955, Dunstan and Harper 1975, Ofelt 1975, Todd 

et al. 1982). This was most notable on Outer Island 

where fish comprised 97-% (N=218) of the observations 

and only 59% (N=l9) of prey remains (Fig. 5). Fish 

represented 97% of total observations at all 3 nests. 

Birds and mammals each comprised 1.5% of observations. 

Early spring food habits for bald eagles nesting in 

the AINL are unknown and may be a source of additional 

cpntamination. Prey selection just prior to egg laying 

would be especially important as increased body burdens 
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at that time could result in excessive contamination of 

eggs and eggshell thinning (S. Wiemeyer, pers. commun.). 

Herring gulls may be an available prey item in early 

_ spring when eagles return to breeding territories. 

Herring gull remains were present at the nest on North 

Twin Island which failed in early incubation. Rough 

fish, discarded by commercial fishermen, may also be used 

prior to ice-out. The occurrence of migratory birds in 

the diet may increase during spring and fall. Lake 

Superior acts as a geographic barrier during migration. 

Birds funnel along its shoreline or congregate on the 

islands until favorable weather allows them to continue 

north across the lake (Temple and Harr~s 1985). Large 

waterfowi concentrations were present in the sloughs near 

Oak Point during the spring and fall of 1984 and adult 

and immature eagles were congregated near this area (T. 

Doolittle, Ashland bird bander, pers. commun., Andryk, 

1984). Food remains collected from the nest on North 

Twin Island, which failed early in incubation, contained 

feathers from a broad-winged and a sharp-shinned hawk, 

suggesting migratory birds were used early in the nesting 

season. A snow goose (~ caerulescens) was killed by 

eagles on Outer Island in the fall of 1981 (C. Loewecke, 

NPS ranger, pers. commun.). Mig~atory birds, wintering 

in areas where DDT or other organochlorine pesticides are 

still in use, may add additional contaminants to the 

eagle food chain. 
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Wintering areas are also a potential source of 

contamination although it is doubtful that the Lake 

Superior population winters in areas different from 

inland birds which are generally not experiencing 

reproductive problems. Migratory patterns, winter areas 

and winter diets of bald eagles in the Apostle Islands 

are unknown. There have been few band recoveries from 

Wisconsin adult eagles in winter (December-February). 

Most recoveries were related to accidental captures in 

traps set for furbearers; these birds were likely 

permanent residents associated with nesting territories 

(C. Sindelar, pers. commun.) and thus provide little 

information on wintering areas of other eagles. 

Apostle Island eagles likely migrate most years 

although weather and food availability may cause a 

variance in the length of absence from nest areas. 

According to reports from commercial fisherman, local 

citizens, and Park Service personnel, eagles probably 

left the islands in late December and returned in late 

February to early March during 1984 and 1985. Numbers of 

reports increased in early March and included sightings 

on Michigan and Oak Islands in 1984 and 1985, 

respectively. Migration may not occur in mild winters. 

Contaminants in Eagle ~ Items 

Eagles from the Apostle Islands were heavily 

dependent on fish during the breeding season, implicating 

40 



Lake Superior as a potential source of contamination. 

However, a comparison of contaminant concentrations in fish 

from Lake Superior with those reported in prey items of 

bald and white-tailed eagles (fiL albicilla}(Koivursaari 

et al. 1976, Wiemeyer et al. 1978, Frenzel 1984, 

Risebrough and Jarman 1985} indicated chemical 

concentrations in fish from the Apostle Island area were 

low (Table 5}. DDE levels in fish from the Apostle 

Islands were also substantially lower than those found to 

cause eggshell thinning in American kestrels (FalcQ 

sparverius} (2.8 ppm}(Wiemeyer and Porter 1970} and also 

below 1 ppm which would represent the lower limit of 

cause for concern regarding eggshell thinning in bald 

eagles (S. Wiemeyer, pers. commun.}. 

Sources of contamination in Lake Superior fish are 

due almost entirely to atmospheric transport 

(International Joint Commission 1977, Murphy 1984, 

Schmidt and Andren 1984}, although some local input has 

taken place. DDT and dieldrin contamination in the AINL 

area reflects past use in adjacent orchards on the 

Bayfield peninsula. (International Joint Commission 

1977}. Parismo et al. (1984} reported that an abundance 

of naturally occurring mercury deposits account for 

elevated mercury burdens in fish but mercury was also 

used as a pesticide by Bayfield orchard·growers during 

the 1950's and 1960's (J. Torbick, Bayfield orchard 

grower, pers. commun.} and additional mercury was added 

to the ecosystem by pulp and paper industries during and 
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Table 5. Concentrations of environmenta~ contaminants in fish from eagle foraging 
areas in the Apostle Islands, 1984 and 1985. 

Number of Residue concentration (1m!! wet weight) 
individuals 

Species per sample " lipid p,p 1 -DDE Dieldrin PCB ercury 

~ongnose sucker 5 3.4 0.14 0.02 0.34 ,0.09 
Longnose sucker 5 2.8 N.D.a N.D. N.D. N.D. 
Longnose sucker 5 3.9 0.11 0.03 N.D. 0.10 
Longnose suckerb 3 2.5 0.12 0.02 0.3 0.32 

Round whitefish 6 4.6 0.03 N.D. N.D. 0.03 
Round whitefish~ 2 1.6 0.06 N.D. N.D. 0.08 
Round 1 3.2 N.D. N.D. N.D. 0.07 whitefish 

Bur bot 2 4.4 0.10 0.02 0.38 0.29 
Bur bote 2 6.0 0.13 0.03 0.50 0.45 

a N.D. = Not detectable. 

b Partially eaten fish from eagle·nest on Michigan Island; samples are from ~/2 fish. 

c Sample is from eagle nest on N. Twin Island and contained 1 ppm of a 
like compound. 

d Fish found floating near shore on Outer Island. 

e Sample is from eagle nest on Michigan Island. 

I 

toxap~ene-



prior to the early 1970's (Shear 1984). Chemical 

contaminants in Lake Superior have decreased since the 

late 1960's. The average DDE concentration in fish 

collected in 1967-1968 was 0.46 ppm (range: 0.23-1.44 

ppm) (Henderson et al. 1969). DDE concentrations in 

samples of AINL fish collected during this study averaged 

0.07 ppm (range: N.D.-0.14 ppm). Contaminant 

concentrations in herring gull eggs also indicate there 

has been a downard trend in DDT, DDE, DDD, HCB, BHC, 

mirex and PCB's and samples of lake trout showed a 

decline in total DDT, PCB's and mercury. Dieldrin 

levels have remained consistently low (International 

Joint Commission 1985, Weseloh and Struger, unpub. 

manuscript, Can. Wildl. Serv., Burlington, Ont.). The 

highly oligitrophic water of Lake Superior retards the 

decomposition of contaminants. Thus, while contaminant 

levels are declining, residues of chemicals used in the 

past persist. 

The proximity of the eagle nest on Michigan Island to 

Gull Island likely accounts for the disproportionate use 

of herring gulls as a food source by this pair. 

Bioaccumulated contaminants in the fish-eating herring 

gull probably contributes to the poor reproductive 

history at this nest. Herring gull eggs, sampled from 8 

locations on Lake Superior, were analyzed in 1983 by the 

Canadian Wildlife Service. Eggs from Gull Island (AINL) 

contained the highest levels of DDE {4.65 ppm), dieldrin 
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(0.47 ppm), PCB's (28.4 ppm), HCB (0.08 ppm), 

oxychlordane (0.32 ppm) and heptachlor epoxide (0.25 ppm) 

of all areas sampled (Struger 1985). Herring gull eggs 

collected from Gull Island by the WDNR in 1979 also 

contained elevated levels of DOE (x=l7.7 ppm, range=8.8-

40.4- ppm) and PCB (x=27.6 ppm, range=l3.4-61.6 ppm) 

(Matteson 1979). Higher levels of contaminants were 

attributed to the seasonal movements of some Lake 

Superior herring gulls to Lake Michigan, where 

their foods are more contaminated (Matteson 1979, Gilman 

et al. 1977). Contaminant concentrations in the eggs of 

2 other fish-eating birds nesting near the AINL, common 

terns (Sterna hirundo) and ring-billed gulls (Larus 

~awarensis), were •1ow• (S. Matteson, pers. commun.). 

Carcasses of adult, immature, and nestling herring 

gulls were analyzed (Table 6). The lower chemical 

concentrations in nestlings, compared to eggs, reflects a 

dilution of contaminants caused by rapid growth and low 

deposition rates of fat in young birds (Anderson and 

Hickey 1976). However, these levels were lower than 

expected given the age of the nestlings and the 

relatively high concentrations of contaminants in eggs 

(D. Weseloh, pers. commun.). The sample size was small 

and may not be represenative of contaminant 

concentrations in nestlings from the AINL. Young gulls 

will continue to accumulate contaminants after fledging 

and attain levels similar to adults at about 1 year of 

age (Hickey et al. 1966). However, 2 of the immature 
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Table 6. Concentration• of environaental cont-inanta in herring gulla from the Apoatle Ialanda, 1181. 

Number of Residue concentration .i.2l!!!! ~ -iaht I I 
individuale Heptachlor[ 

Sample per •-ple Ill lipid p,p 1 -DDE Dieldrin PCB c-nonachlor t:-nonach.J.or HCB epoxide j Mercury 

I 

Adult 1 4.6 2.1 N.D.a 10.0 N.D. N.D. N.D. N.D. 
I 

0.29 
Adult 1 3.2 1.2 0.03 1.4 N.D. N.D. 0.04 N.D. 0.16 

.p. Adult 1 2.2 8.0 0.04 9.6 N.D. N.D. 0.02 N.D. 0.96 
1.11 

I-atureb 1 18.0 5.2 0.25 14.0 0.09 0.11 0.06 N.D. 0.32 
I-ature~ 1 18.0 6.9 0.39 20.0 0.13 0.18 0.06 o.e1 0.46 
I-ature 1 8.8 5.8 0.10 31.0 N.D. N.D. 0.04 0.34 0.23 

Nestling 2 7.3 0.31 N.D. o.e N.D. N.D. N.D. N.D. 0.08 

a N.D. -Not detectable.· 

b Sample ia a juvenile-aged bird and alao contained 6 of toxaphene-like compound and 0.07 ppm p,p'-DDD. ppm a 

c Sample is a juvenile-aged bird and also contained 4 of toxaphene-like compound. ppm a 

d Sample is a aubadult bird and also contained 2 ppm of a toxaphene-like compound. 



gulls sampled were juveniles which contained contaminant 

concentrations similar to or higher than those of adults. 

Higher lJpid levels in juvenile gulls may have 

potentially increased the amount of stored contaminants.· 

However, Anderson and Hickey (1976) reported that 

juvenile herring-gulls contained lower contaminant 

burdens than adults in spring, despite higher lipid 

levels. Foraging habits of juvenile gulls may differ 

from those of adults. Juvenile gulls tend to feed at 

garbage dumps more often than adults, especially during 

fall dispersal (D. Weseloh, pers. commun.). Juvenile 

gulls feeding on the entra~ls of larger fisbrdiscarded by 

commercial fisherman into dumps near the AINL may 

increase contaminant burdens more quickly. The late 

sampling date for immatures (30 October) may also have 

influenced results. Due to the migratory habits of 

immature herring gulls (Gross 1940, Smith 1959, Gilman et 

al. 1977), these birds may not have originated in the 

AINL. Sample sizes were a~ain small. The only other 

known sample of herring gulls from Lake Superior was a 

composite sample of 2 immatures and 1 adult gull 

collected on Isle Royale in 1983 which contained 10.6 ppm 

DDE and 28.8 ppm PCB's (National Park Service 1984b). 

Adult and immature gulls from Lake Superior 

contained contaminant concentrations that were high 

enough (>2.8 ppm DDE) to contribute to the reproductive 

failure of bald eagles, especially when one considers the 
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numbers consumed by the Michigan Island pair. The impact 

of gull originated contaminants at the other island or 

Lake Superior shoreline nests in this study is 

problematic since numbers consumed during the nesting 
-------------- -

season appear to be low (Appendix 1). Food habits of 

eagles at the remaining nests along the Lake Superior 

shoreline are unknown although the carcass of an adult 

herring gull was found an eagle nest on the Bark River 

(Lake Superior) which failed prior to the 2nd survey 

flight in late May 1986. 

Recommendations ~ Future Research and Management 

Data on eagle food Qabits is lacking for other nests 

along the Lake Superior shoreline. An expanded study to 

include food habits and productivity of all eagles 

nesting near Lake Superior would provide important 

additional data. Monitoring of food habits and 

productivity of eagles nesting in the Apostle Islands 

should be continued. A complete aerial search of the 

islands should be conducted annually to locate active 

territories and provide accurate productivity data. 

Aerial surveys are currently limited to monitoring only 

previously active territories. Addled eggs and dead 

young or adults should be collected for contaminant 

analysis. The WDNR surveyed successful nests near Lake 

Superior weekly in 1986 to monitor nestling survival. 

This should be continued in succeeding years if nestling 
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mortality remains high among nests near Lake Superior. 

Herring gulls appear to be the primary source of 

contamination in the AINL bald eagle population. Food 

habits, foraging areas, and migratory patterns of these 

gulls are unknown and should be determined. Trends in 

contaminant concentrations should be monitored in the 

Gull Island herring gull colony. Migratory birds, 

wintering in areas where DDT and other organochlorine 

pesticides are st-ill in use, should also be sampled. The 

Apostle Islands are located adjacent to agricultural and 

industrial areas. The presence and effects of more 

recent environmental contaminants, e.g. organophosphates, 

carbamates, and dioxins should be determined. 

Disturbance did not appear to affect productivity or 

survival of bald eagles in the AINL. Management 

recommendations in Anderson and Stowell (1985) should be 

used if buffer zones need to be established at nest 

sites. Visitor use is discouraged but not strictly 

prohibited on North Twin Island. North· Twin should be 

closed to all human activity when an active nest exists 

on the island as eagles use the entire island during the 

nesting season. Boats should maintain a distance of 200 m 

from shore near all nest and foraging areas. 
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AppendlX T~ · 70001l:ems Of bald eagles at 1nd1v 1dual -nest 
sites on the Apostle Islands and nearby mainland 
shoreline. 

Nest 

Outer Island 

Michigan Island 

Food Item N 

FISH 
Longnose sucker 9 
Burbot 5 
Round whitefish 1 
Bloater chub 1 
White sucker 1 
Sucker (Catostomas ~) 1 
Whitefish, chub or 
herring (Coregonus ~) l 

19 

BIRDS 
Blue jay 
Herring gull 
Northern flicker 
Canvasback 
Lesser golden plover 
Common merganser 
Red-winged blackbird 
Wood duck 
Unidentified birds 

MM1MALS 

FISH 
Burbot 
Longnose sucker 
White sucker 
Round whitefish 
Carp 

BIRDS 
Herring gull 

adults 
juveniles 
nestlings 

Blue jay 
Northern flicker 
Common crow 
Broad-winged hawk 
Sharp-shinned hawk 
Unidentified birds 

MAMMALS 

59 

3 
2 
2 
1 
1 
1 
1 
1 
l 

13 

0 

10 
7 
2 
1 
l 

21 

13 
3 
4 
1 
1 
1 
1 
1 
2. 

27 

0 



Appendix 1 continued. 

Nest Food Item N 

North Twin Island FISH 
Bur bot 3 
Longnose sucker 3 
Round whitefish 2. 

8 

BIRDS 
Herring gull 3 
Blue jay 2 
Broad-winged hawk 2 
Sharp-shinned hawk 2 
American bittern 2 
Common crow 1 
Red-tailed hawk 1 
Belted kingfisher 1 •· Northern flicker 1 
Hairy woodpecker 1 
American coot 1 
Unidentified birds l 

18 

MAMMALS 
White-tailed deer 1 

Oak Island FISH 
Sucker (CstQ§tQmY§ ~) 4 
White sucker 1 
Bur bot 1 
Carp l 

7 

BIRDS 
Herring gull 1 

MAMMALS 0 

York .Island FISH 
White sucker 2 
Lake trout l 

3 

BIRDS 
Herring gull 1 

MAMMALS 0 
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Appendix 1 -continu-ed~ 

Nest Food Item N 

Devils Island FISH 0 

BIRDS 
Blue jay 1 
American bittern 1 
Northern flicker l 

3 

MAMMALS 0 

Sand River FISH 
Longnose sucker 3 
White sucker 3 
Sucker CCstQstQma§ ~) 3 
Bur bot 1 
Round whitefish 1 
Carp 1 
Lake trout 1 
Whitefish, chub or 
herring CCot:egacus spp.) l 

14 

BIRDS 
American coot 2 
Herring gull 1 
Belted kingfisher l 

4 

MAMMALS 0 

Fish Creek FISH 
Brown bullhead 2 
Sucker CCstQl2tQm9!2 ~) l. 

3 

BIRDS 0 

MAMMALS 0 
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