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SECTION 1.0
Executive Summary

The bald eagle monitoring project is one component of the surface water quality
monitoring program which was developed by the state of Michigan to address the
following goals as summarized in the January 1997 report entitled, “A Strategic
Environmental Quality Monitoring Program for Michigan's Surface Waters” (Strategy):

1.) Assess the current status and condition of individual waters of the state and
determine whether standards are being met.

2.) Determine temporal and spatial trends in the quality of Michigan’s surface waters.

3.) Provide data to support the Michigan Department of Environmental Quality (MDEQ)
water quality programs and evaluate their effectiveness. "

4.) Detect new and emerging water quality problems.

The reproductive productivity (i.e., the total number of fledged young per occupied nest)
for bald eagles in the state of Michigan in 1999 was 0.99. Eagles nesting within the
state during 1999 therefore nearly attained the goal of 1.0 young per occupied nest
established in the Northern States Bald Eagle Recovery Plan. However, inland breeding
areas had significantly greater productivity (1.07) than Great Lakes nests (0.83).

In 1999, 90 samples of breast feathers were collected from nestling bald eagles for
mercury (Hg) analysis. Quantifiable concentrations of Hg were measured in all feather
samples that were analyzed. There was no statistically significant difference in

Hg concentrations of nestling feathers between inland and Great Lakes-associated
nestlings. Mean Hg concentrations were ranked in the following order by location from
highest to lowest: inland lower peninsula > Lake Superior > inland upper peninsula >
Lake Michigan > Lake Huron > Lake Erie. Hg concentrations from nestling bald eagle
feathers collected during the period of 1985-1989 in Michigan were generally greater
than Hg concentrations found in 1999. However, the decline was only statistically
significant for the combined Lakes Michigan and Huron data.

In 1999, 93 nestling bald eagle blood samples were analyzed for organochloriné
contaminants such as dichlorodiphenyltrichloroethane (DDT) and its metabolites,
20 polychlorinated biphenyl (PCB) congeners, chlordane, and dieldrin.

Statistically significant differences in total DDT concentrations were found between
inland, Great Lakes, and anadromous breeding areas and also between inland lower
peninsula and inland upper peninsula, Lake Huron, Lake Michigan, Lake Erie, and
Lake Superior breeding areas. Mean total DDT concentrations were ranked in the
following order by location from highest to lowest: Great Lakes > anadromous > inland
breeding areas, and Lake Michigan > Lake Superior > Lake Huron > Lake Erie > inland
upper peninsula > inland lower peninsula. 4,4’-Dichlorodiphenyldichloroethylene
(4,4'-DDE) was detected in 86% of the samples and was the most common DDT
metabolite found in eaglet blood. 4,4’-DDE concentrations measured in 1999 were
generally lower than those measured in 1987-1992.



Twenty PCB congeners were quantified and summed to determine total PCBs in nestling
bald eagle plasma samples. Four congeners (118, 138, 153, and 180) contributed
significantly to the total PCB concentrations. At least one of the targeted PCB
congeners was detected in 63 (67.7%) of the nestlings sampled. The 30 nestlings in
which no PCB congeners were detected were found in inland breeding areas. A
statistically significant difference in total PCB concentrations was found between inland,
Great Lakes and anadromous breeding areas, and among the inland lower peninsula,
inland upper peninsula, Lake Huron, Lake Michigan, Lake Erie, and Lake Superior
regions. Total PCB concentrations measured in 1999 were generally less than those .
measured in 1987-1992.

Quantifiable concentrations of alpha-chlordane were measured in 15 blood samples
(16%). Statistically significant differences existed between Great Lakes, inland, and
anadromous breeding areas and also between inland lower peninsula, inland upper
peninsula, Lake Huron, Lake Michigan, Lake Erie, and Lake Superior breeding areas.
Mean concentrations of alpha-chlordane were greatest in the Great Lakes breeding
areas. Mean alpha-chlordane concentrations were ranked in the following order by
location: Lake Erie > Lake Michigan > Lake Huron > Lake Superior.

Quantifiable concentrations of dieldrin were measured in 14 blood samples (15%).
Significant differences occurred between inland lower peninsula, inland upper peninsula,
Lake Huron, Lake Michigan, Lake Erie, and Lake Superior breeding areas.
Concentrations were greatest in nestlings located in Great Lakes breeding areas and
least in inland breeding areas. Mean dieldrin concentrations were ranked in the
following order by location from highest to lowest: Lake Superior > Lake Michigan >
Lake Erie > Lake Huron.

Hexachlorobenzene, alpha-hexachlorocyclohexane, gamma-hexachlorocyclohexane,
heptachlor, heptachlor epoxide, gamma-chlordane, and toxaphene were not quantifiable
in most nestling bald eagle blood samples.



SECTION 2.0
INTRODUCTION

In April 1999, the MDEQ, Surface Water Quality Division (SWQD), began monitoring
environmentally persistent and toxic contaminants in bald eagles. This study is part of the
Wildlife Contaminant Monitoring Project, which is described in the Strategy (MDEQ 1997).

The November 1998 passage of the Clean Michigan Initiative-Clean Water Fund (CMI-CWF)
bond proposal resulted in a substantial increase in annual funding for statewide surface water
quality monitoring beginning in 2000. The CMI-CWF offers more reliable funding for the
monitoring of surface water quality over a period of approximately 15 years. This is important
since one of the goals of the Strategy is to measure temporal and spatial trends in contaminant
levels in Michigan’s surface waters.

The bald eagle (Haliaeetus leucocephalus) was selected as a biosentinel species for monitoring
contaminants in Michigan for the following reasons:

1. As a top-level predator, the bald eagle has a significant reliance on the aquatic food web
and feeds primarily on fish and waterbirds. Specific dietary preferences of bald eagles
include species of northern pike, suckers, bullheads, carp, catfish, bowfin, ducks, gulls,
and deer (winter carrion and road-killed deer).

2. Past monitoring has shown that eagles accumulate organic and inorganic environmental
contaminants and those contaminants may be quantified in blood, feather, and egg
samples.

3. There is a viable population of bald eagles that provides sufficient sampling opportunities
for a long-term monitoring program.

4. The large body size of nestling eagles allows monitoring to be conducted by blood
sampling techniques and sufficient sample volumes are available to attain low
quantification levels (QLs).

5. Mature bald eagles display great fidelity to their chosen nesting territory and often return
to the same nest tree year after year. Although some eagles may move away from their
nesting territories in the winter months, bald eagles generally reside within the state’s
waters throughout the year. Therefore, contaminants found in nestling bald eagles will
represent the uptake of available contaminants within a particular territory. -

The primary objectives of this monitoring effort were to gather the first year of data in eaglets,
evaluate temporal trends between these data and historical data available in the scientific
literature and evaluate spatial trends of contaminant concentrations among watersheds and
among the Great Lakes basins. Because the methods for sample collection required nest visits
and handling nestling eagles, other biological measures were obtained. Therefore, the
secondary objectives of the project included determining reproductive success and collecting
nestling morphological data. Both spatial and temporal trends of reproductive success were
also assessed in this study.




This document serves as the first annual report for the bald eagle element of the Strategy. The
report contains the analytical results for organic contaminants and Hg that were measured in
nestling bald eagle blood and feather samples, and statistical temporal and spatial trend
analyses of the data. Also included in this report are the data for reproductive success and
nestling morphological measurements.

In accordance with one of the key principles of the CMI-CWF, the bald eagle monitoring protocol
was planned and conducted in partnership with outside organizations. In 1999, this partnership
included Lake Superior State University and Clemson University, whereas in 2000 and 2001,
this partnership included Michigan State University and Clemson University. Results of the
1999 sampling are provided in this report.




SECTION 3.0

STUDY DESIGN AND METHODS

31 SITE SELECTION

The bald eagle monitoring project is designed to provide monitoring coverage of both the
coastal Great Lakes and inland waters. Nesting eagles are found along the shorelines and on
islands of each of the four Great Lakes surrounding Michigan. Further, the distribution of
breeding eagles across much of Michigan provides monitoring coverage for many of the major
river systems. Currently, active bald eagle breeding areas are well distributed across the upper
peninsula and northern lower peninsula of Michigan (Figure 1).

The establishment of breeding areas in southern Michigan is relatively recent, and the number
of active breeding areas continues to increase as eagles either establish new breeding areas or
re-occupy historical territories. For example, the breeding areas in Arenac, Barry, Ottawa, and
Wayne counties were established in 1998 or 1999. One breeding area in Monroe County was
established in 1988 and the other three breeding areas were first occupied in 1998 or 1999.
The first breeding areas in Allegan and Saginaw Counties were established in 1993.

To facilitate the SWQD'’s National Pollutant Discharge Elimination System permitting process,
Michigan’s watersheds, as delineated by eight-digit hydrologic unit codes (HUCs), are divided
into 5 basin years for monitoring (Figure 2). Therefore, approximately 20% of Michigan’s
surface waters are assessed each year. The bald eagle sample collection schedule is
consistent with the basin year delineation and complements the other monitoring activities
conducted during each basin year. In addition to the basin year sampling, nests associated with
the Great Lakes, the connecting channels and 12 inland territories are sampled annually.

Great Lakes and connecting channel nests are sampled annually because nesting success is
highly uncertain for these sites. Twelve inland territories with consistently high productivity were
selected to track annual trends in contaminant concentrations, assess variability in contaminant
concentrations from one year to the next, and determine the frequency that nests need to be
sampled to evaluate trends. :

The following basin year watersheds were the focus of sampling in 1999 (Figure 3):
Two-Hearted, Tahquamenon, Waiska, Manistique, Brevoort, Carp/Pine, and St. Mary’s River
watersheds of the upper peninsula, and the Manistee, Au Gres/Rifle, Saginaw, Lower Grand,
and Kalamazoo River watersheds of the lower peninsula. In addition to the basin year
watersheds for 1999, nests associated with the Great Lakes and connecting channels were
sampled. Great Lakes-associated nests are defined as those nests within 8.0 kilometers (km)
of the shorelines of the Great Lakes and along tributaries where anadromous fish are -
accessible. Lastly, the twelve inland territories selected for annual sampling were located within
the Ontonagon, Michigamme, Au Sable, and Thunder Bay River watersheds.

3.2 FIELD METHODS

The methods used to collect blood and feather samples from nestling bald eagles are designed
to avoid injury and undue stress to the birds. Sample collection and morphometric methods are
adapted from Bortolotti (1984a, 1984b, 1984c), Henny and Meeker (1981), Henny et al. (1981)
and Morizot et al. (1985). The methods are summarized below, but details of the procedures
are published in a standard operating procedure (SOP) (Bowerman 1995).




Blood and feather samples are collected from five to nine-week old nestling bald eagles from
May 15 through July 4. The approximate age of nestling eagles is visually estimated from two
aerial survey flights that are piloted by a Michigan Department of Natural Resource (MDNR)
pilot or contracted private pilot. An observer on each flight makes notes of the nest tree and
location, determines an aerial latitude and longitude for the nest, and notes the reproductive
status of each nest (e.g., eggs, chicks, or adult brooding behavior). From the observer’s notes,
field crews are directed to the nests at the appropriate time for sampling. Field staff ground
truth the latitude/longitude coordinates using Global Positioning System units.

Once at the nest, a trained crewmember climbs the nest tree and secures a nestling. The
nestling is placed in a restraining bag, lowered to the ground, weighed by spring scale, and
prepared for sampling. Morphological measurements of the culmen, hallux claw, and bill depth
are derived by using calipers. The eighth primary feather and the footpad are measured by |
using a ruler. Procedures developed by Bortolotti (1984b) are used to determine the age and
sex of the nestlings. Sex is determined by the relationship of hallux claw length, footpad length
and bill depth. Once sex is determined, the length of the eighth primary feather is used to make
a sex-specific estimation of age.

Sterile techniques are used to collect blood from the brachial vein of nestling bald eagles.
Syringes fitted with 22 or 25 gauge x 1" needles are used for the veinipuncture. Up to 12 cc of
blood are drawn from the brachial vein and are then transferred to heparinized vacuum tubes
and placed on ice in coolers for transfer out of the field. Samples of whole blood are centrifuged
within 48 hours of collection and the plasma is decanted and transferred to another vacuum
tube and frozen at approximately —20° C for storage. Three to four feather samples also are
collected from the nestling eagles. Feathers are plucked from the breast and stored in small
sealed envelopes. The vacutainers and feather envelopes are sealed with tamper-proof chain-
of-custody tape. After sampling is completed, the nestlings are banded with a size 9. United
States Fish and Wildlife Service (USFWS) rivet band and an appropriate color band. The
nestling is then placed back in the restraining bag, raised, and released to the nest.

From the field, samples are transferred to pre-arranged collection points at various MDNR,
United States Forest Service, or USFWS field stations. At the end of the sampling effort, all
samples are collected and transferred to the USFWS East Lansing Field Office, entered into
sample storage through a chain-of-custody tracking system, and stored frozen at approximately
—20° C. Upon request to the USFWS Chain-of-Custody officer, samples are transferred to the
Clemson Institute of Environmental Toxicology (CIET) for analysis. Upon receipt at the CIET,
SOPs direct that samples be logged in, checked for sample integrity and again stored frozen at
approximately —20° C until prepared for instrumental analysis (CIET 1996, 1999).

3.3 LABORATORY METHODS

All feather samples were received at the CIET laboratory under chain-of-custody by

January 10, 2000. All extractions and analyses were conducted according to procedures
detailed in CIET SOPs. Feather samples were digested in five extraction batches. Chicken
feathers were used as laboratory control samples for all analytical batches. In addition to the
eagle samples, each analytical batch also contained a reagent blank, a chicken feather matrix
blank, a chicken feather matrix spike, and a chicken feather matrix spike duplicate (CIET 1999).

Total Hg concentrations were quantified by Varian AA20 atomic absorption spectrophotometer
in the vapor generation mode which produced a Quantification Level (QL) of 1.0 ug/g (parts per
million (ppm)). As a surrogate matrix, method validation studies were conducted on chicken



feathers to ensure that data quality objectives for the Quality Assurance Project Plan (CIET
1996, 1999) were met. Average recoveries of 70% — 130% for matrix spikes were required
under the Quality Assurance Project Plan (CIET 1996, 1999). Correlation coefficients (r?) for
calibration curves consisting of five concentrations of standards were at least > 0.99 for the
target analyte in all batches. The average detector response for the instrumental calibration
checks was within 20% of the initial calibration for each batch (Appendix I).

All plasma samples were received at the CIET laboratory under chain-of-custody on
December 15, 1999. All extractions and analyses were conducted according to procedures
detailed in CIET SOPs. Plasma samples were extracted in six batches. . Chicken plasma was
used for laboratory control samples in all analytical batches. In addition to the eagle plasma
samples, each analytical batch contained a reagent blank, a chicken plasma matrix blank, a
chicken plasma matrix spike, and a chicken plasma matrix spike duplicate.

Organochlorine pesticide and PCB concentrations were quantified by capillary gas
chromatography with electron capture device using the United States Environmental Protection

- Agency approved methods. All reported results were confirmed by dual column analysis. The
QL for the organic compounds was 2 ng/g (parts per billion) with the exception of toxaphene
which had a QL of 125 ng/g. Method validation studies were conducted on chicken plasma as a
surrogate matrix to ensure that the data quality objectives of the Quality Assurance Project Plan
(CIET 1996, 1999) were met. Average recoveries of 70% - 130% for matrix spikes were
required under the Quality Assurance Project Plan (CIET 1996, 1999). Correlation coefficients
() for calibration curves consisting of five concentrations of standards were at least > 0.99 for
all target analytes in all batches. The average detector response for the instrumental calibration
checks was within 20% of the initial calibration for each batch. The average Relative Percent
Difference (% RPD) for the spiked analytes in the chicken plasma matrix spike and chicken
plasma matrix spike duplicate were less than 30% for all batches (Appendix II).

Percent lipid was quantified from a portion of the nestling bald eagle plasma samples. The lipid
analysis was conducted according to procedures detailed in CIET SOPs. Plasma samples were
extracted in 2 batches. The QL for the method was 0.5% lipid. Method validation studies were
conducted on chicken plasma as a surrogate matrix to ensure that the data quality objectives of
the Quality Assurance Project Plan (CIET 1996, 1999) were met. Average recoveries of 70 —
130% for matrix spikes were required under the Quality Assurance Project Plan (CIET 1996,
1999). Correlation coefficients (r?) for calibration curves consisting of four concentrations of
standards were at least > 0.98 for all target analytes in all batches. The average detector
response for the instrumental calibration checks was within 20% of the initial calibration for each
batch. The % RPD for the spiked analytes in the chicken plasma matrix spike and chicken
plasma matrix spike duplicate were less than 30% for all batches (Appendix III).

3.4 STATISTICAL DESIGN

For the purposes of reporting and statistical analysis of the 1999 data, and in keeping with
reporting conventions in the scientific literature, the data were broadly grouped by breeding area
location. At the broadest level, Great Lakes and inland breeding areas were compared. The
Great Lakes-associated nests were evaluated further by lake basin (Superior, Michigan,

Huron, and Erie). The breeding areas located on anadromous rivers were examined separately
from other Great Lakes breeding areas for organic contaminants to better assess the
concentrations which may be affecting bald eagle productivity along the Great Lakes. Inland
lower peninsula nests were compared to inland upper peninsula nests. Lastly, breeding areas




were also grouped by watershed (HUC), but sample sizes were insufficient for rigorous
statistical analysis at the watershed level.

Statistical analyses of regional data were performed using the nonparametric test of the equality
of medians, the Kruskal-Wallis test, as neither the assumptions of normality nor of linear
regressions were met. All Kruskal-Wallis tests were performed using MiniTab Release 13.
Regression analyses were performed using the fitted line plot function of MiniTab Release 13.
Statistical analyses of temporal differences in Hg concentrations were performed using the
nonparametric Wilcoxin Rank Sum test (SAS/STAT 6.03). A probablllty level = 95% (a = 0.05)
was used to determine statistical significance.




SECTION 4.0
RESULTS AND DISCUSSION

41 REPRODUCTIVE SUCCESS

The reproductive productivity (i.e., the total number of fledged young per occupied nest) was
calculated for bald eagles for all breeding areas in Michigan using the method of Postupalsky
(1974). The following four comparisons were made of productivity for the 1999 breeding season
(Table 1): 1) Statewide total for all nests; 2) Great Lakes and inland nests; 3) Great Lakes,
Anadromous and inland nests; and, 4) Lakes Erie, Huron, Michigan, Superior, and inland upper
and lower peninsulas. Breeding areas were classified as inland nests if they were >8.0 km from
a Great Lakes shoreline and not along a river open to Great Lakes fish runs (i.e., anadromous).
Great Lakes breeding areas were within 8.0 km of a Great Lakes shoreline and included those
along anadromous rivers with the exception of analysis 3.

The productivity for the state of Michigan was 0.99 young per occupied nest. Eagles nesting
within the state during 1999 therefore nearly attained the goal of 1.0 young per occupied nest
set in the Northern States Bald Eagle Recovery Plan (Grier et al. 1983).

Different subpopulation comparisons showed significant differences among areas of the state
(Table 1). Inland breeding areas had significantly greater productivity (1.07) than Great Lakes
nests (0.83) (p=0.0233). Inland breeding areas also appeared to have a greater productivity
(1.07) than both Great Lakes (0.83) and anadromous (0.83) breeding areas (p=0.0756).
Breeding area productivities also varied significantly depending on watershed locations with
Lake Erie having the greatest productivity (1.75), followed by the inland lower peninsula (1.24),
then the inland upper peninsula (0.93), Lakes Michigan (0.91), Superior (0.77), and Huron
(0.72) (p=0.0058).

One must be cautious about using productivity from only one year to determine the health of the
Michigan bald eagle population. A number of factors, including sample size and which nests
are occupied can greatly affect this determination. Individual breeding area productivities can
be affected by adult turnover rates and other factors including longevity and patterns of
occupancy. These factors will be studied in future years.

4.2 Mercury IN NESTLING BALD EAGLE FEATHERS

In 1999, 90 samples of breast feathers were collected from nestling bald eagles for analysis.
The morphometric data for these nestlings is provided in Table 2. Regionally, the analyzed
samples were from 25 inland upper peninsula, 32 inland lower peninsula, 10 Lake Superior, .
13 Lake Michigan, 1 Lake Erie, and 9 Lake Huron breeding areas (Table 3).

Quantifiable concentrations of Hg (1.91 - 19.84 ug/g dry weight) were measured in all feather
samples analyzed. Concentrations were less than 10 ug/g in 79% of the nestlings, and
concentrations ranging from 3-7 ug/g were the most frequently measured (57%) (Figure 4).
Nineteen nestlings had concentrations of Hg > 10 ug/g, and only 7 (8%) nestlings had Hg
concentrations 2 15 ug/g.

Greater concentrations of Hg were found in nestlings from inland breeding areas (n = 57) than
in Great Lakes-associated nestlings (n = 33). The median Hg concentration was 6.6 and 5.3




ug/g in nestlings from inland and Great Lakes territories, respectively (Figures 5 and 6). There
was no statistical difference (p = 0.097) in median Hg concentrations between inland and Great
Lakes nestlings. Similarly, median Hg concentrations were comparable between nestlings of
inland territories (lower peninsula vs. upper peninsula) and of Great Lakes territories (Lake
Superior vs. Michigan vs. Huron vs. Erie) (p = 0.236) (Table 4). Mean Hg concentrations were
ranked in the following order by location: inland lower peninsula > Lake Superior > Inland upper
peninsula > Lake Michigan > Lake Huron > Lake Erie (Figure 6).

Nestling feather samples were collected from 30 watersheds as delineated by the United States
Geological Survey’'s HUC. The average Hg concentrations for each watershed, ranged from 1.9
—17.5 ug/g (dry weight) (Table 5). Mean Hg concentrations were < 10 ug/g in 80% of the
watersheds. Six watersheds had concentrations of Hg 2 10 ug/g, and only one watershed had
Hg concentrations = 15 ug/g. The four watersheds with the lowest mean Hg concentrations
were the Raisin, Saginaw, Kalamazoo, and Shiawassee River watersheds, and were located in
the southern lower peninsula. Conversely, the five watersheds with the greatest mean Hg
concentrations were the Ontonagon, Dead — Kelsey, Brevoort — Millecoquins, and Cedar — Ford
River watersheds, and were located in the upper peninsula. Insufficient sample sizes were
available for a rigorous statistical analysis of Hg concentrations by watershed, but an initial test
for equality of median Hg concentrations indicates statistical differences exist among the
watersheds (p =0.022).

At individual breeding areas the greatest concentration of Hg found in nestling bald eagle
feathers was 19.84 ug/g Hg and was measured in a nestling from Manistee County, breeding
area MN-07 (Table 2, Figure 7). Other territories in which nestlings had > 15 ug/g Hg in their
feathers were MM-15 from Menominee County (one of one nestlings), MQ-09 (two of two
nestlings) from Marquette County, ON-09 (two of two nestlings) from Ontonagon County, and
RO-03 from Roscommon County (one of three nestlings). In each of these counties, with the
exception of Menominee in which only one nestling was sampled, Hg concentrations in
nestlings from other breeding areas in the same county were found to be as low as 3.0 ug/g, dry
weight.

Hg concentrations in nestling bald eagles, therefore, appear to represent contamination of the
local prey base, which in turn is a reflection of the contamination within the local watershed and
specific waterbody. It is notable that the breeding areas in which the highest Hg concentrations
were measured often were located near inland impoundments. During the active nesting and
chick-rearing period, it is likely that the adults feed primarily from these nearby impoundments.
Specifically, MN-07 is located near Tippy Dam Pond, MQ-09 is associated with the Deer Lake
impoundment, and RO-03 is located at the south end of Deadstream Flooding. Three other
nests within Roscommon County (Figure 7) had Hg concentrations > 5 ug/g, and each is 7
associated with an impoundment created by a low-head dam installed by the MDNR to provide -
fisheries and wildlife habitat. The breeding area ON-09 is within eight km of Lake Superior and
is therefore identified as a Great Lakes breeding area, but the breeding area also is adjacent to
Victoria Reservoir.

The Deer Lake breeding area in Marquette County (MQ-09) is the one territory sampled in 1999
that is associated with a known site of Hg contamination. Deer Lake, an International Joint
Commission designated Area of Concern for Hg contamination, is a mesotrophic-eutrophic
impoundment of the Carp River. It was contaminated historically with Hg by analytical
laboratories conducting ore analysis. High concentrations of Hg remain and were recently
measured in surficial sediments at concentrations ranging from <0.05 mg/kg (ppm) to 16 mg/kg
(dry weight) (Ostaszewski and Creal, 1998). Hg concentrations in edible portions of fish
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(i.e., fillets) have been the subject of recent monitoring. While Hg levels in Deer Lake fish have
declined since 1987, they remain the highest in Michigan and some fish fillets continue to have
Hg concentrations which exceed trigger levels used by the Michigan Department of Community
Health to set fish consumption advisories (Day 2000). Similarly, the two nestlings at the Deer
Lake breeding area had high Hg concentrations in their feathers (16.2 and 17.2 ug/g). Based
on the proximity of the breeding area to Deer Lake, it is presumed that the adults are feeding on
fish from Deer Lake and providing those fish to the nestling eaglets.

Breeding areas with the lowest Hg concentrations (< 5 ug/g) were associated with inland rivers,
inland lakes, and the Great Lakes. Specifically, MO-03 is on the lower Detroit River in Lake
Erie, BY-01 is located in outer Saginaw Bay, Lake Huron, GO-22 is associated with an inland
lake in the upper peninsula, and OG-01 is located within the Rifle River Recreational Area.

The factors contributing to the methylation of Hg may explain the finding that greater Hg
concentrations are found in nestling eagles near inland impoundments. Methylation of Hg is a
process in which microorganisms convert elemental Hg to the more bioavailable form of Hg,
methyl mercury. Greater methylation of Hg occurs in waterbodies where the combination of pH
and alkalinity provide the proper conditions for methylation, and in waterbodies with decaying
vegetative matter, highly organic sediments, and a high surface area:depth ratio. These factors
are often found together in inland impoundments. Conversely, lower Hg concentrations are
expected in areas with higher pH values and little organic matter or decaying vegetation. These
characteristics typify inland rivers, natural inland lakes, and the Great Lakes. Future monitoring
efforts should try to identify the primary waterbody where each of the eagle pairs catch fish and
other aquatic organisms.

Concurrent data were available from monitoring conducted in 1999 in Voyageur’s National Park
(VNP), Minnesota. Nine samples were analyzed and the Hg concentrations ranged from 2.8 —
25.3 ug/g dry weight. There was, however, no statistical difference between Hg concentrations
measured in the VNP and Michigan’s inland or Great Lakes breeding areas (p = 0.319).

Nestling bald eagle feather samples were collected during the period of 1985 — 1989 from inland
and Great Lakes breeding areas (Bowerman, 1993; Bowerman et al. 1994). To compare Hg
concentrations to the 1999 data, samples associated with Lake Michigan and Lake Huron were
combined (Table 6, Figure 8). In general, concentrations of Hg declined in each region, but the
decline was only significantly different for the combined Lake Michigan and Lake Huron data.
Greater variability occurs in the temporal analysis of individual breeding areas. Data were
available for 15 specific breeding areas from 1987 — 1989 and from 1999. While trends can not
be determined from two points, Hg concentrations in 1999 were lower in 6 breeding areas, were
higher in 8 breeding areas, and were similar in 1 breeding area (Figure 9). The variability in
these data is typical of biological samples and illustrates the need to consider minimum required
sample sizes to overcome inherent variability. Future monitoring efforts should be refined and
variability considered in determining sample sizes to detect temporal trends on a watershed
basis.

4.3 ORGANIC CONTAMINANTS IN NESTLING BALD EAGLE BLOOD SAMPLES

In 1999, 93 nestling bald eagle blood samples were analyzed for organochlorine contaminants.
The target list of analytes included historical organochlorine pesticides such as chlordane,
dieldrin, and DDT and its metabolic products, and 20 PCB congeners. The complete list of
analytes and the parameter-specific Method Detection Levels (MDLs) and QLs are shown in
Table 7. For summary purposes, concentrations less than the MDL were reported in the tables
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as non-detect and concentrations less than the QL were reported as one-half the QL. The non-
detect values were treated as zeroes in the calculations of means.

Of the 93 samples analyzed, 29 were from breeding areas in the 1999 basin year watersheds.
Regionally, the analyzed samples were from 25 inland upper peninsula, 32 inland lower
peninsula, 11 Lake Superior, 15 Lake Michigan, 1 Lake Erie, and 9 Lake Huron breeding areas.

4.31 DDT and Metabolites

Concentrations of 2,4'- and 4,4’-DDT and their metabolites, 2,4’- and 4,4:-DDE and 2,4'- and
4,4’-DDD, were measured in nestling bald eagle blood samples (Table 8). The most ubiquitous
compound was 4,4’-DDE which was quantified in 80 (86%) of the samples. Statewide,
concentrations of 4,4'-DDE ranged from < 0.61 — 198 ng/g. 2,4’-DDE and 4,4’-DDD were
quantified in only 3 (3%) and 11 (12%) samples, respectively. Concentrations of 2,4’-DDE
ranged from < 0.86 — 4.3 ng/g and concentrations of 4,4’-DDD ranged from < 1.18 - 9.5 ng/g.
Neither 2,4'-DDD, 2,4'-DDT, nor 4,4’-DDT were measured in any sample.

Total DDT concentrations were calculated as the sum of 2,4'- and 4,4’-DDT, DDE, and DDD. Of
the metabolites, 4,4'-DDE contributes the most to the Total DDT concentrations (Table 8).
Statistically significant differences (p<0.001) in Total DDT concentrations were found between
inland, Great Lakes, and anadromous breeding areas and also between inland lower and upper
peninsulas, Lake Huron, Lake Michigan, Lake Erie, and Lake Superior breeding areas
(p<0.001). Mean Total DDT concentrations were greatest in breeding areas associated with the
Great Lakes. Mean Total DDT concentrations were ranked in the following order by location
from highest to lowest: Great Lakes > anadromous > inland breeding areas and Lake Michigan
> Lake Superior > Lake Huron > Lake Erie > inland upper peninsula > inland lower peninsula
(Table 9, Figure 10).

At individual breeding areas, the greatest Total DDT concentration (203 ng/g) was measured in
a nestling from Lake Superior's Huron Islands East breeding area (MQ-12) (Table 8, Figure 11).
Only one other breeding area, Lake Michigan’s Deer Count Creek in Schoolcraft County, had
Total DDT concentrations greater than 100 ng/g. Of the anadromous breeding areas, the
nestling at Horseshoe Bend in Manistee County (MN-02) had the greatest Total DDT
concentration (52.6 ng/g). The greatest Total DDT concentration in inland breeding areas was
found at the 10 Mile Creek breeding area in Menominee County (MM-15). The nestling
sampled there had a Total DDT concentration of 91.7 ng/g, a concentration 5x greater than the
next highest concentration measured in a nestling from Bradford Lake in Ontonagon County

(OT-06), (Table 8, Figure 11).

In addition to the data available through this monitoring effort, other samples were collected in
Michigan and VNP in Minnesota for concurrent studies. The 4,4’-DDE results for these samples
were combined and compared to samples collected under the same protocol during the period
of 1987-1992 (Bowerman et al. 1993). These comparisons (Figure 12) show that 4,4-DDE
concentrations measured in 1999 generally are less than those measured in 1987-1992. The
notable exception to this trend is seen in Lake Michigan 4,4’-DDE concentrations. In 1987-1999
the geometric mean concentration was 35 ng/g, but in 1999 the geometric mean concentration
was 42 ng/g. The maximum concentration measured in 1999 (128 ng/g), however, was
approximately half that measured in 1987-1992 (235 ng/g). Similar declines in maximum
4,4'-DDE concentrations were observed at the other locations (Table 10).
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4.32 PCBs

Twenty PCB congeners were quantified and summed to determine Total PCBs in nestling bald
eagle plasma samples (Table 11). Of the 20 congeners, 4 congeners (118, 138, 153, and 180)
were significant contributors to Total PCB concentrations (Figure 13). Congeners 138 and 153
accounted for over 46% of the Total PCB concentrations. Congeners 118 and 180 each
accounted for 10%-11% of the Total PCB concentrations. Congeners 187 and 66 contributed
6.5% and 4.9%, respectively, to the Total PCB concentration. The 6 congeners discussed
above contributed over 80% of the Total PCBs measured in the blood of the nestling bald
eagles. :

The relative percent contribution of congeners 138 and 153 to the Total PCB concentration was
greater for inland breeding areas than either Great Lakes or anadromous breeding areas
(Figure 14). They were, however, a significant percentage of the Total PCB concentration in
every sample with detectable PCBs. In general, the relative contribution of PCB congeners
follows an expected pattern. Congener patterns in Great Lakes and anadromous samples are
more complete with a greater presence of both the lower chlorinated PCB congeners and the
heavier congeners (i.e., 206 and 209). This reflects environmental mixing and weathering of the
PCB mixture in these large receptor or sink waterbodies. The PCB congener pattern in inland
breeding areas is less diverse, and the lower chlorinated PCB congeners are both less frequent
and represent a lesser relative contribution. In many samples the lightest congener in the
mixture is either PCB 138 or 153.

Statewide Total PCB concentrations ranged from non-detect to 369 ng/g (Table 11). At least
one of the targeted PCB congeners was detected in 63 (67.7%) of the 93 nestlings sampled.
The 30 nestlings in which no PCB congeners were detected were found in inland breeding
areas. PCB congeners were detected in all nestlings in both Great Lakes and anadromous
breeding areas (Table 12). Total PCB concentrations are statistically significantly different
among the inland, Great Lakes, and anadromous breeding areas (p < 0.001), and among the
inland lower peninsula, inland upper peninsula, Lake Huron, Lake Michigan, Lake Erie, and
Lake Superior regions (p < 0.001).

Concentrations of Total PCBs were greatest in nestlings associated with Great Lakes breeding
areas (Figure 15). The mean Total PCB concentration in all Great Lakes nestlings (94.8 ng/g)
was more than 2x greater than concentrations in anadromous breeding areas (mean = 43.7
ng/g) (Table 12). Further, Total PCBs in Great Lakes’ nestlings were 12.5x greater, and in
anadromous nestlings were nearly 6x greater, than concentrations in inland nestlings (7.6 ng/g)
(Table 12).

Greater differences were noted when the inland lower peninsula, inland upper peninsula, Lake
Huron, Lake Michigan, Lake Erie, and Lake Superior locations were compared. Mean Total
PCB concentrations differed by a factor of 57 between inland and Great Lakes breeding areas.
The lowest mean Total PCB concentrations were measured in nestlings of inland lower and
upper peninsula breeding areas. In these locations, nestlings had accumulated, on average,
3.8 and 12.5 ng/g Total PCBs, respectively. The greatest mean Total PCB concentration was
measured in the Lake Erie basin (215.1 ng/g). However, only one Lake Erie nestling was
sampled (Table 12). The Total PCB concentration in the Lake Erie nestling was greater than
mean concentrations in Lake Michigan, Lake Superior, and Lake Huron nestlings by a factor of
1.9, 4.0, and 5.8, respectively.
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The greatest concentration of Total PCBs (369 ng/g) was found in a Lake Superior nestling in
Marquette County (MQ-12) (Table 11, Figure 14). This breeding area, known as Huron Islands
East, also had the greatest concentrations of dieldrin and Total DDT. The plasma sample was
1.20% lipid which was second only to the inland upper peninsula nestling in breeding area
AG-10, Nawakwa Lake, which had a plasma lipid content of 1.21%. However, total PCBs were
not detected in the AG-10 nestling. Therefore, plasma lipid content does not solely explain the
high Total PCB content in MQ-12. Other nestlings in Marquette County had Total PCB
concentrations ranging from non-detect to 54 ng/g. Nestlings associated with Lake Superior
had Total PCB concentrations ranging from 3.1 — 105 ng/g. Therefore, the concentration of
Total PCBs in MQ-12 was approximately 7x greater than Total PCB concentrations in any other
Marquette County nestling, and 3.5x greater than Total PCB concentrations in any other Lake
Superior nestling. There are no known point sources of PCBs in this area, either current or

historical.

Two Lake Michigan nestlings from Schoolcraft County in the upper peninsula also had high
concentrations of Total PCBs. These nestlings were both from the Deer Count Creek breeding
area (SC-19). Total PCB concentrations were 223.6 and 297.4 ng/g. Again, no local source of
PCBs is known. Two Lake Michigan nestlings near the Escanaba River also had relatively high
concentrations of Total PCBs. Ranked 6" and 8", Total PCBs were quantified at 182.2 and
113.9 ng/g, respectively. Similar to MQ-12, these Schoolcraft and Delta County nestlings also
had high concentrations of dieldrin and Total DDT compounds.

The highest concentration of Total PCBs in the lower peninsula (215.1 ng/g) was found at a
Lake Erie breeding area, MO-03 near the Raisin River at Monroe. With a concentration only
slightly less, 1 nestling at Lake Michigan’s Walloon Lake breeding area (ET-05) had 206.4 ng/g
Total PCBs. The other 2 nestlings from the ET-05 breeding area had 85.5 and 135.6 ng/g Total
PCBs.

The Saginaw and Kalamazoo Rivers are both sites of Natural Resources Damage Assessment
actions for PCB contamination. Remedial actions are in progress on the Saginaw River, and
settlement negotiations continue on the Kalamazoo River. Despite the known sources of
contamination, nestlings in the Saginaw River system had moderate Total PCB concentrations
(Figure 17). The two breeding areas, Skull/Stoney Island (BY-01, 86.0 ng/g), and Shiawassee
National Wildlife Refuge (SG-02, 36.3 ng/g) are located upstream of the sources of
contamination from Bay City and sufficiently downstream of Saginaw as to not be subject to the
highest areas of local contamination. Further, these breeding areas are identified as
anadromous and the prey base will include Saginaw Bay fishes as they pass up through the
Saginaw River. The greatest Total PCB concentrations for anadromous rivers were found in the
Kalamazoo River system. The one successful breeding area in the Kalamazoo River area was
associated with Swan Creek/Highlands in Allegan County (AN-02). The 2 nestlings sampled
there had Total PCB concentrations of 63.0 and 96.9 ng/g. :

Data for samples collected in Minnesota’s VNP were combined with data from the Michigan
samples and compared to samples collected under the same protocol during the period of
1987-1992 (Bowerman et al. 1993). These comparisons (Figure 16) show that Total PCB
concentrations measured in 1999 were generally less than those measured in 1987-1992. The
exception to this trend was seen in Total PCB concentrations in the Lake Erie basin. In
1987-1992 the geometric mean Total PCB concentration was 199 ng/g, but in 1999, the one
Lake Erie nestling sampled, had a Total PCB concentration of 215 ng/g. This increase may not
be statistically significant and having only one data point limits any conclusions. The maximum
concentration for the Lake Erie nestlings, however, was nearly 84% less in 1999
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(maximum = 215 ng/g) than in 1987-1992 (maximum = 1325 ng/g) (Table 13). Similar declines
in maximum concentrations were observed for every location except the inland upper peninsula
breeding areas where a 6%-23% increase in maximum concentrations was observed. The
frequency with which PCBs are detected in nestling bald eagle plasma samples has declined in
four of the seven subpopulations (Table 13). In Michigan, PCBs were detected in approximately
95% of inland lower and upper peninsula breeding areas sampled from 1987-1992. In 1999,
however, the frequency of detection was 41% for inland lower peninsula breeding areas and
24% for inland upper peninsula breeding areas. The frequency of detection was 100% or nearly
so during both sampling periods for all of the Great Lakes and anadromous breeding areas

(Table 13).

Nestling plasma samples were collected from 31 watersheds as delineated by the USGS HUC
code. Total PCB concentrations, averaged for each watershed, ranged from non-detect to
260.5 ng/g (Table 14). Mean Total PCB concentrations were < 100 ng/g in 81% of the
watersheds. Fourteen watersheds had < 10 ng/g Total PCBs, and 6 watersheds had Total
PCBs > 100 ng/g. Of those, two watersheds, the Fishdam-Sturgeon and Raisin, had
concentrations > 200 ng/g. Mean Total PCB concentrations do not follow a clear spatial pattern
(Figure 17). Six of the highest concentrations were measured in non-adjacent watersheds in
the upper peninsula. The second highest concentration was measured in the Raisin River
watershed of extreme southeastern Michigan. Watersheds with the lowest Total PCB
concentrations (i.e., < 2 ng/g) were found in the northern lower peninsula and western upper
peninsula. Insufficient sample sizes were available for a rigorous statistical analysis of Total
PCB concentrations by watershed, but an initial test for equality of median Total PCB
concentration indicated statistical differences exist among the watersheds (p = 0.001).

4.33 Other Organics

In most samples, concentrations of hexachlorobenzene, alpha-hexachlorocyclohexane (alpha-
HCH), gamma-HCH (lindane), heptachlor and heptachlor epoxide, gamma-chlordane (gamma-
chlordane) and toxaphene were not quantifiable. The analytical results for hexachlorobenzene,
alpha-hexachlorocyclohexane (HCH), gamma-HCH, heptachlor, heptachlor epoxide, alpha-
chlordane, gamma-chlordane, dieldrin and toxaphene are shown in Table 15.
Hexachlorobenzene was not quantified in any sample, but was detected in four samples from
Great Lakes’ breeding areas and one sample from an inland breeding area. Four parameters,
namely alpha-HCH, gamma-HCH, heptachlor and chlordane, were not detected in any sample.
Heptachlor epoxide was quantified in one sample collected from the Huron Islands East in
Marquette County (MQ-12), and was detected in 17 other samples associated largely with Great
Lakes breeding areas. Toxaphene was not quantified in any sample, but was detected in three
samples associated with Lake Michigan breeding areas, and one sample associated each with -
Lake Superior and Lake Erie breeding areas. The QL for toxaphene is too high at 125 ng/g to
characterize this contaminant in nestling bald eagle plasma samples.

Quantifiable concentrations of alpha-chlordane and dieldrin were more common. Quantifiable
concentrations of alpha-chlordane, ranging from < 2.01 — 8.4 ng/g, were measured in 15 blood
samples (16%) and detectable concentrations were measured in an additional 18 samples
(19%) (Table 15). The greatest concentration of alpha-chlordane was measured in a nestling
from the Walloon Lake breeding area in Emmet County (ET-05). Mean concentrations of alpha-
chlordane were greatest in Great Lakes breeding areas (mean = 2.26 ng/g) and least in inland
breeding areas (mean = 0.19 ng/g) (Figure 18). Intermediate concentrations (mean = 1.18 ng/g)
were measured in nests associated with anadromous rivers. Of the Great Lakes associated
breeding areas, concentrations of alpha-chlordane were ranked in the following order by
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location from highest to lowest: Lake Erie > Lake Michigan > Lake Huron > Lake Superior
(Figure 18). Kruskal-Wallace statistical tests of median concentrations indicate significant
differences (p<0.001) exist between Great Lakes, inland, and anadromous breeding areas and
also between inland lower peninsula, inland upper peninsula, Lake Huron, Lake Michigan, Lake
Erie, and Lake Superior breeding areas (p<0.001).

Similarly, quantifiable concentrations of dieldrin, ranging from < 2.01 — 15.8 ng/g, were
measured in 14 blood samples (15%) and detectable concentrations were measured in an
additional 11 samples (12%) (Table 15). The greatest concentration of dieldrin was measured
in a Huron Islands East nestling near Marquette County (MQ-12). Like alpha-chlordane,
concentrations of dieldrin were greatest in nestlings located in Great Lakes’ breeding areas
(mean = 3.4 ng/g) and least in inland breeding areas (mean = 0.1 ng/g). Mean concentrations
of dieldrin in nestlings from anadromous river breeding areas were 0.7 ng/g. Of the four Great
Lakes, concentrations of dieldrin were ranked in the following order by location from highest to
lowest: Lake Superior > Lake Michigan > Lake Erie > Lake Huron (Figure 19). Kruskal-Wallace
statistical tests of median concentrations indicate significant differences (p<0.001) exist
between Great Lakes, inland, and anadromous breeding areas and also between inland lower
peninsula, inland upper peninsula, Lake Huron, Lake Michigan, Lake Erie, and Lake Superior
breeding areas (p<0.001).
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SECTION 5.0

FUTURE STUDIES

Several potential areas of future study were identified following the first year of this monitoring

study:

Determine if the sample sizes are large enough to allow spatial and temporal trends to
be assessed on a watershed basis. :

Determine No Observable Adverse Effect Levels in blood of bald eagle nestlings for.
organic compounds measured in this study.

Analyze some of the blood samples for new and emerging chemicals of concern (i.e.,
polybrominated diphenyl ethers).

Determine if it is possible to locate key sources of Hg contamination in bald eagles by
modeling air releases.

Conduct further investigations to determine the source of PCBs found in hotspots such
as the Huron Islands breeding area.

Examine contaminant data to assess the partitioning of contaminants between various
media and biota.

Analyze archived eagle samples to enhance our ability to assess trends.
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Active Bald Eagle Breeding Areas, 1999
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Figure 1. Active bald eagle breeding areas in Michigan in 1999.



Figure 2. Michigan's watershed delineations and monitoring ‘basin years’. A.) 1999 basin year watersheds
(shaded), B.) 2000 basin year watersheds (shaded), C.) 2001 basin year watersheds (shaded), D.) 2002 basin
year watersheds (shaded), and E.) 2003 basin year watersheds (shaded).



WATERSHEDS
1 - East Betsy/Chocolay

2- Tahquamenon
3 - Waiska
4- St. Marys
5 - Manistique
6 - Brevoort/Millecoquins
7 - Carp/Pine
8 - Manistee
9 - Lower Grand
10 - Kalamazoo
11 - Clinton
12 - Saginaw
13 - AuGres/Rifle

Figure 3. The 1999 basin-year watersheds.

23




30

N
o
|

¥

—_
o
]

/

Frequency (%)

N

| I I I I I ! I
6 8 10 12 14 16 18 20

Hg conc (ug/g)

Figure 4. Frequency distribution of Hg concentrations in nestling bald eagle

feathers in 1999.
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Figure 5. Elements of a boxplot.
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Figure 6. Hg concentrations in nestling bald eagle feathers within the Great Lakes and
inland upper and lower peninsula breeding areas (1999). The shaded boxplots show Hg
concentrations at the broadest organization of breeding area location — Great Lakes and
inland. The clear boxplots show Hg concentrations in inland lower peninsula (IN-LP),
inland upper peninsula (IN-UP), Lake Erie (LE), Lake Huron (LH), Lake Michigan (LM)
and Lake Superior (LS) breeding areas.
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Figure 7. Mercury concentrations in nestling bald eagle feathers in Michigan, 1999.
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Hg Concentration (ug/g)

IN-LP IN-UP LS LMH
Breeding Area Location

B 1985-89 1999

Figure 8. Mercury concentrations (geometric mean) in nestling bald eagle feathers collected in
1985-1989 (Bowerman et al., 1994) and in 1999 from Inland lower peninsula (IN-LP), inland

_upper peninsula (IN-UP), Lake Superior (LS), Lakes Michigan and Huron (LMH).
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Figure 9. Mercury concentrations in nestling bald eagle feathers in the late 1980s (Bowerman et al. 1994) and in 1999. See Table 3 for more detailed information on the

specific breeding areas shown above.
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Figure 10. Concentrations of Total DDTs (sum of DDT, DDE and DDD compounds)
in nestling bald eagle blood samples in 1999. The data are plotted from low-to-high
mean Total DDTs concentration.
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Figure 12. Geometric mean of 4,4'-DDE concentrations in plasma of 104 nestling bald eagles sampled in
1999 from 7 subpopulations in Michigan (inland lower peninsula (IN-LP), inland upper peninsula (IN-UP), Lake
Superior (LS), Lake Huron (LH), Lake Erie (LE), and Lake Michigan (LM)), and Voyageurs National Park
(VNP), Minnesota in comparison to 251 samples collected in 1987-1992 (Bowerman 1993).
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Figure 13." Percent contribution of each congener to Total PCBs in nestling bald eagles
in Michigan in 1999.
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Figure 15. Total PCBs concentrations in nestling bald eagle plasma samples within the Great
Lakes, anadromous rivers, and inland lower and upper peninsula breeding areas in 1999. The
shaded boxplots show Total PCB concentrations at the broadest organization of breeding area
location — Great Lakes, anadromous rivers, or inland. The clear boxplots show Total PCB
concentrations in inland lower peninsula (IN-LP), inland upper peninsula (IN-UP), Lake Huron
(LH), Lake Superior (LS), Lake Michigan (LM) and Lake Erie (LE) breeding areas. The locations
are shown in order of increasing mean Total PCB concentration.
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Figure 16. Geometric mean of Total PCB concentrations in plasma of 104 nestling bald eagles sampled in
1999 from 7 subpopulations in Michigan (inland lower peninsula (IN-LP), inland upper peninsula (IN-UP),
Lake Superior (LS), Lake Huron (LH), Lake Erie (LE), and Lake Michigan (LM)), and Voyageurs National
Park (VNP), Minnesota in comparison to 251 samples collected in 1987 — 1992 (Bowerman 1993).
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Figure 17. PCB concentrations in blood drawn from nestling bald eagles in Michigan, 1999.
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Figure 18. a-Chlordane concentrations innestling bald eagle blood samples in 1999.

Breeding Area

The data are plotted from low-to-high mean a-chlordane concentration.
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Figure 19: Dieldrin concentrations in nestling bald eagle blood samples in 1999. The
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data are plotted from low-to-high mean dieldrin concentration.
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Table 1. The number of fledged young, occupied nests and productivity of bald eagles in
Michigan in 1999. Data are presented as: 1. Statewide, 2. Great Lakes vs. Inland,

3. Great Lakes vs. Anadromous vs. Inland, and 4. Each of the Great Lakes vs. Inland Upper and
Lower Peninsulas. Productivity values with the same letters are not significantly different.

Productivity

Area for Comparison Fledged Young Occupied Nests (Young/Occupied
Nest)
1. Statewide 341 346 . 0.99
2. Great Lakes ' 104 125 " 0.83B
Inland 237 221 1.07A
3. Great Lakes 89 107 0.83B
Anadromous 15 18 0.83B
Inland 237 221 1.07A
4. Lake Erie 7 4 1.75A
Lake Huron 24 33 0.72D
Lake Michigan 32 35 0.91C
Lake Superior 41 53 0.77D
Inland-Lower Peninsula 124 100 1.24B
Inland-Upper Peninsula 113 121 0.93C
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Table 2. Morphometric data for nestling bald eagles sampled in 1999.

] Breeding Territory . . : i

Territo Area X Blood Sample . Eaglet Sex Eighth Age Weight Bill Column Middle

(A) v Location Loz:ét)xon Numbcrp Breeding Area Name Date (Mal%/Female) Prirgnary (nys) Footpad (kgg) Depth  Length Hallux  Tarsus Rectrix

B)

AG-09 LS GL BAEA-99-G-001 Trout Bay-Grand Island 07/02/99 unk 226 51.5 135 3.6 13.1 40.7 30.5 * 186
AG-10 IN-UP IN BAEA-99-A-034 Nawakwa Lake 6/26/1999 F 186 47 142 42 335 46.6 36.5 * 121
AG-13 LS GL BAEA-99-C-024 AuSable Point 6/30/1999 F 235 53.5 144 4.5 32.7 48.1 37.8 87 155
AG-13 LS GL BAEA-99-C-025 AuSable Point 6/30/1999 F 245 54.9 139 38 30.6 47.2 33.8 85 176
AG-20 IN-UP IN BAEA-99-A-029 Hovey Lake 6/21/1999 F 210 50 147 4.3 31.5 44.8 37.6 * 134
AL-03 IN-LP IN BAEA-99-C-021 Silver Wolf Club 6/11/1999 F 228 52.5 150 4.5 33.8 49 352 97 150
AL-04 IN-LP IN BAEA-99-D-012 McCollum Lake 6/6/1999 F 225 52.1 145 4.3 31.3 48 377 . 88 158
AN-02 M AN BAEA-99-E-003 Swan Creek/Highlands 6/3/1999 M 150 40.2 130 35 28.19 42.42 31.92 * *
AN-02 LM AN BAEA-99-E-004 Swan Creek/Highlands 6/3/1999 F 156 42.4 140 4.2 31.82 46.7 34.2 * *
AR-03 LH AN BAEA-99-D-001 Santaigo 5/26/1999 F 210 50 145 4.7 34.1 48.9 46.8 80 143
AR-04 LH GL BAEA-99-E-006 Big Charity Island 6/9/1999 F 217 49.6 141 4.4 332 47.9 40.3 92 155
BY-01 LH AN BAEA-99-E-002 Skull/Stoney Island 5/26/1999 M 216 49.4 147 49 329 45.78 37.26 * *

y CP-22 LS GL BAEA-99-C-023 Duck Bay-Sugar Island 06/29/99 unk 302 62.9 132 4 314 46.1 319 81 218
CP-29 LH GL BAEA-99-A-037 Caribou Lake 6/28/1999 M 252 55 134 39 30.2 45.4 359 * 173
CP-29 - LH .GL BAEA-99-A-038 Caribou Lake 6/28/1999 F 232 53 144 4.6 32.8 47.7 38.6 * 151
DE-23 M GL BAEA-99-B-009 Escanaba R./Gladstone 5/31/1999 M 254 56 127 32 323 44.5 343 18.8 189
DE-23 LM GL BAEA-99-B-010 Escanaba R./Gladstone 5/31/1999 M 230 51 125 33 30.7 44.5 345 18.3 172
ET-05 LM GL BAEA-99-C-017 Walloon Lake 6/9/1999 F 221 515 140 3.8 32.1 46.5 374 95 135
ET-05 LM GL BAEA-99-C-018 Walloon Lake 6/9/1999 F 195 47.9 143 3.1 31.2 439 353 85 110
ET-05 LM GL BAEA-99-C-019 Walloon Lake 6/9/1999 M 169 42.9 131 23 28 41.8 36.6 83 76
GL-01 IN-LP IN BAEA-99-D-002 Molasses River Flooding 5/27/1999 F 224 52 136 5.1 354 51.7 37 100 210
GO-22 IN-UP IN BAEA-99-B-062 Pomeroy Lake 6/18/1999 M 334 66 133 44 323 47.8 36.3 19 258
GO-22 IN-UP IN BAEA-99-B-063 Pomeroy Lake 6/18/1999 F 345 69 145 5.4 36 50 40.4 21.3 280
GO-26 IN-UP IN BAEA-99-B-029 Mill Lake 6/8/1999 F 222 52 144 3.7 33 47.8 37 21 157
GO-26 IN-UP IN BAEA-99-B-030 Mill Lake 6/8/1999 M 232 52 123 3.6 30.5 45 33.5 18.5 184
HO-02 LS GL BAEA-99-A-020 Rabbit Bay 6/17/1999 F 189 47 144 42 30.5 43.5 36.2 * 115
10-02 IN-LP IN BAEA-99-C-008 Cooke Dam 6/2/1999 F 211 50 144 4.5 32.8 47.9 374 93 143
10-02 IN-LP IN BAEA-99-C-009 Cooke Dam 6/2/1999 M 195 46.5 127 3.7 28.5 40.7 33.6 82 119
10-02 IN-LP IN BAEA-99-C-010°  Cooke Dam 6/2/1999 M 125 36.7 130 3.1 27.1 38.4 29.7 73 48
IR-22 IN-UP IN BAEA-99-B-019 Michigamme R./Camp 6 Creek 6/3/1999 F 147 41 144 4.1 323 44.7 35.3 22.1 85
IR-23 IN-UP IN BAEA-99-B-014 Way Dam 6/2/1999 M 167 42 127 3.1 29.2 43 343 18 97
IR-23 IN-UP IN BAEA-99-B-015 Way Dam 6/2/1999 M 190 46 122 3.7 30 43 33 17 137
IR-32 IN-UP IN BAEA-99-B-052 Chipmunk Falls 6/13/1999 F 317 65 133 4.1 33 49 37 20 240
KA-04 IN-LP IN BAEA-99-A-012 Blue Lakes 06/05/99 M 269 57 135 * 28.5 43.1 344 * 212
LL-06 LM GL BAEA-99-A-011 South Manitou Island 06/04/99 M 154 41 132 3.6 29.2 42 34.4 * 105




Table 2. Continued

) Breeding Territory . : : i
Territo Area . Blood Sample . Eaglet Sex Eighth Age Weight Bill Column Middle
(A) i Location Loz:ét)lon NumbcrlJ Breeding Arca Name Date (Mali/Female) Prifnary (Dagys) Footpad (kgg) Depth  Length Hallux  Tarsus Rectrix
(B)
LU-05 IN-UP IN BAEA-99-A-035 Fort Lake Creek 6/27/1999 M 363 70 129 4.1 31.5 46.7 38.4 * 269
MC-05 IN-UP IN BAEA-99-B-011 Black Creek Flooding 6/1/1999 F 259 57 147 4.1 34.8 48 39 20.3 203
MC-05 IN-UP IN BAEA-99-B-012 Black Creek Flooding 6/1/1999 M 261 56 132 39 33.3 47 35.6 19 202
MC-07 IN-UP IN BAEA-99-D-015 East Lake (EL) 6/12/1999 F 190 47.2 148 4.1 31.1 46.3 36 88 135
MC-18 LM GL BAEA-99-A-018 Millecoquins Lake 06/14/99 M 245 54 137 * 30.9 42.9 34.3 * 167
MC-19 LH GL BAEA-99-A-036 Marquette Island 6/27/1999 M 261 56 125 3.5 29.9 429 354 * 188
MD-01 LH AN BAEA-99-D-007 Sandford 5/29/1999 M 207 48.2 125 4.1 314 449 31.2 85 156
MK-02 IN-LP IN BAEA-99-C-004 Moddersville 5/29/1999 M 234 52 129 43 39.1 43.1 34.9 74 170
MM-15 IN-UP IN BAEA-99-B-026 10 Mile Creek/Whitney 6/6/1999 M 240 53 121 33 30.7 42.7 325 18 165
MN-02 LM AN BAEA-99-A-006 Horseshoe Bend 5/29/1999 M 205 48 130 4 29.2 433 33.8 * 138
MN-05 M GL BAEA-99-A-009 Manistee River SGA 06/03/99 F 271 59 138 * * * * * *
MN-06 IN-LP IN BAEA-99-A-003 Wellston 05/24/99 F 187 47 151 * 32 47 40.2 * 116
MN-07 IN-LP IN BAEA-99-A-002 Red Bridge North 05/24/99 F 262 57 141 * 332 47.9 37.8 * 177
MN-08 IN-UP IN BAEA-99-A-007 Pine/Timmerman Lake 5/29/1999 F 222 52 144 5 37.8 455 38 * 152
MO-03 LE GL BAEA-99-E-005 Raisin River/Monroe 6/4/1999 M 268 56.7 122 3.1 29.7 42.7 33.2 * *
S MQ-07 IN-UP IN BAEA-99-B-049 Squaw/Chief Lake 6/13/1999 M 232 53 128 39 32 442 33.5 18.3 169
O MQ-07 - IN-UP IN BAEA-99-B-050 Squaw/Chief Lake 6/13/1999 M 226 52 131 32 32 45 35.1 18 162
MQ-09 IN-UP IN BAEA-99-A-032 Deer Lake 6/25/1999 M 317 64 126 3.7 31.8 48.3 36.6 18.8 252
MQ-09 IN-UP IN BAEA-99-A-033 Deer Lake 6/25/1999 M 351 68 126 3.9 31.4 47.7 35.7 257
MQ-12 LS GL BAEA-99-A-023 Huron Islands East 6/18/1999 F 170 44 138 4 27.8 42 32.3 - 110
MQ-22 LS GL BAEA-99-A-025 Harvey 6/20/1999 F 216 51 145 49 32.2 48 38.2 * 132
MQ-22 LS GL BAEA-99-A-026 Harvey 6/20/1999 F 218 51 141 4.7 32.2 47 39.8 * 130
MQ-24 IN-UP IN BAEA-99-A-030 Escanaba River 6/22/1999 F 291 62 141 5 33 49.2 394 203
MQ-25 IN-UP IN BAEA-99-B-024 Ford River-Margarets Rapids 06/05/99 F 225 52 135 3.2 32.8 46.5 36 19.3 142
MU-02 M AN BAEA-99-A-001 Muskegon River SGA 5/19/1999 M 263 56 132 3.4 29.5 429 354 * 189
MY-05 IN-LP IN BALEA-99-C-016 Black River Ranch 6/8/1999 M 275 57.7 130 3.1 31.5 43.1 31.7 90 171
MY-10 IN-LP IN BAEA-99-C-015 Tomahawk Creek Flooding 6/5/1999 M 280 58.4 128 3.1 39.3 45.7 36.1 87 220
MY-11 IN-LP IN BAEA-99-C-020 Bone Head Club 6/10/1999 F 321 65.5 140 4.2 ' 333 48.7 38.1 89 254
NE-01 LM AN BAEA-99-A-008 Anderson Bayou 06/01/99 F 260 57 150 * 35 49.7 379 * 198
0G-01 IN-LP IN BAEA-99-C-001 Rifle River 5/24/1999 M 204 47.8 136 4.1 30.4 43.6 35.6 8.5 142
0G-01 IN-LP IN BAEA-99-C-002 Rifle River 5/24/1999 M 195 46.5 132 4.1 30 432 355 7.5 128
0G-04 IN-LP IN BAEA-99-C-005 Lake Agestina 05/30/99 F 261 57.1 144 43 33.2 49.2 38.6 92 185
ON-01 IN-UP IN BAEA-99-B-028 Bergland Bay 6/7/1999 F 222 52 144 4.8 333 47 36.6 21.3 159
ON-09 LS AN BAEA-99-B-032 Victoria Dam 6/8/1999 M 252 55 131 3.7 32.8 47.5 353 18.8 164
ON-09 LS AN BAEA-99-B-033 Victoria Dam 6/8/1999 F 270 59 150 3.7 37.8 50.3 39.6 20.3 182
ON-20 LS GL BAEA-99-B-072 Carp River/Land Lookers Creek 6/24/1999 F 328 67 3.7 35.3 50 394 21.3 259
0S-01 IN-LP IN BAEA-99-D-009 Reed Ranch 6/3/1999 F 352 69.9 143 . 5.1 36.7 51.9 41.3 88 281
0S-06 _ IN-LP IN BAEA-99-D-010 Shamrock Lake 6/6/1999 M 275 57.7 127 3.1 28.8 44.5 31.5 85 195
0S-06 IN-LP IN BAEA-99-D-011 Shamrock Lake 6/6/1999 F 281 59.9 142 4.2 32.6 48.5 38 92 208




Table 2. Continued

) Breeding Territory . . : i
Territ Area X Blood Sample . e Eighth Age Weight Bill Column Middle
(A;)ry Location LO‘(:ét)lon Numberp Breeding Area Name Date (Ivli'?l%}?c?m:(lc) Prirgnary (Dagys) Footpad (kgg) Depth Length Hallux  Tarsus Rectrix
(B)

OT-04 IN-LP IN BAEA-99-C-013 Fontinalis Club 6/5/1999 M 280 58.4 130 34 31 44.6 34 84 215
OT-04 IN-LP IN BAEA-99-C-014 Fontinalis Club 6/5/1999 F 252 55.9 138 4 48.9 325 37 90 26
OT-06 IN-LP IN BAEA-99-D-014  Bradford Lake (Waters) 6/8/1999 F 273 58.8 142 48 34.1 48.8 37 93 184
oT-07 IN-LP IN BAEA-99-C-011 O’Rourke Lake 6/5/1999 ‘M 272 57.3 129 35 33.1 46.2 35.1 95 194
OT-07 IN-LP IN BAEA-99-C-012 O’Rourke Lake 6/5/1999 F 314 64.6 140 4.7 353 49.7 38.4 97 221
PI1-03 LH GL BAEA-99-D-013 False Presque Isle 6/7/1999 M 231 51.52 128 3.1 319 40.4 33.8 88 194
RO-01 IN-LP IN BAEA-99-C-006  East St Helens 5/31/1999 F 241 54.3 146 4.6 33.7 47.4 38.4 89 161
RO-03 IN-LP IN BAEA-99-D-004  Dead Stream 5/28/1999 M 191 45.9 123 3.1 35.6 41.4 33.4 79 125
RO-03 IN-LP IN BAEA-99-D-005  Dead Stream 5/28/1999 M 102 33.5 130 2.1 27.9 38.9 30.6 65 55
RO-09 IN-LP IN BAEA-99-C-007 Marl Lake 5/31/1999 F 293 61.6 140 4.9 35.9 51.1 38.1 90 245

- RO-11 IN-LP IN BAEA-99-D-008  West Twin Lake 5/31/1999 F 266 57.7 145 4.5 34.1 50.2 403 9.3 192
RO-13 IN-LP IN BAEA-99-D-006  Prudenville 5/28/1999 F 278 59.5 145 4.5 339 49.1 38.2 74 231
RO-14 IN-LP IN BAEA-99-C-003  Porter Ranch 5/27/1999 M 172 433 123 42 29.3 42 335 91 121

ﬁ SC-15 IN-UP IN BAEA-99-B-013  Mud Lake Creek 6/1/1999 F 198 48 140 5 33.8 47.5 37.6 21.6 145

SC-19 LM GL BAEA-99-B-069  Deer Count Creek 6/21/1999 F 146 41 137 2.8 30.7 42.4 33.8 20.6 88
SC-19 LM GL BAEA-99-B-070  Deer Count Creek 6/21/1999 M 199 47 126 3.4 30.5 44.5 32.5 183 146
SC-20 IN-UP IN BAEA-99-C-022  Seney D1 Pool 6/13/1999 M 108 34.3 123 2.3 26.1 35.2 28.8 70.1 48
$G-02 LH AN BAEA-99-E-001  Shiawassee NWR 5/26/1999 F 295 61.9 110* 52 33.83 50.3 40.02 * *
WX-02 IN-LP IN BAEA-99-A-010 Lake Mitchell 06/03/99 F 179 46 138 4.3 323 44 36 * 120

* Tarsus could not be fully extended for measurement.

(A) Territory ID is comprised of a two-letter county code and a breeding area number assigned sequentially.

B) IN = Inland, UP = Upper Peninsula, LS = Lake Superior, LM = Lake Michigan, LH = Lake Huron, LE = Lake Erie

© GL = Great Lakes, AN = Anadromous



Table 3. Concentrations of Hg in nestling bald eagle feather samples collected in 1999.

Territory ID* County Breeding Area HUC® Sample ID Breeding Area Name Hg conc (ug/g)
Location®

AG-10 Alger IN-UP 4020201 BAEA-99-A-034 L Nawakwa 8.52
AG-13 Alger LS 4020201 BAEA-99-C-025 AuSable Pt 4.69
AG-13 Alger LS 4020201 BAEA-99-C-024 AuSable Pt 5.16
AG-20 Alger IN-UP 4060106 BAEA-99-A-029 Hovey L 7.67
AL-03 Alcona IN-LP 4070006 BAEA-99-C-021 McCollum L 3.30
AL-04 Alcona IN-LP 4070006 BAEA-99-D-012 Sprinkler L 3.95
AN-02 Allegan LM 4050003 BAEA-99-E-004 Swan Ck-Highbanks 3.53
AN-02 Allegan LM 4050003 BAEA-99-E-003 Swan Ck-Highbanks 3.89
AR-03 Arenac LH 4080101 BAEA-99-D-001 Santiago 5.07
AR-04 Arenac LH 4080300 BAEA-99-E-006 Big Charity Isd - 10.09
BY-01 Bay LH 4080206 BAEA-99-E-002 Skull/Stoney Isd 2.10
CpP-22 Chippewa LS 4070001 BAEA-99-C-023 Duck Bay-Sugar Isd 6.28
CP-29 Chippewa LH 4070002 BAEA-99-A-038 Caribou L 5.26
CP-29 Chippewa LH 4070002 BAEA-99-A-037 Caribou L 6.28
DE-23 Delta LM 4030110 BAEA-99-B-009 Escanaba R-Gladstone 5.69
DE-23 Delta LM 4030110 BAEA-99-B-010 Escanaba R-Gladstone 6.43
ET-05 Emmet LM 4060105 BAEA-99-C-019 Walloon L 5.21
ET-05 Emmet LM 4060105 BAEA-99-C-017 Walloon L 5.83
ET-05 Emmet LM 4060105 BAEA-99-C-018 Walloon L 6.17
GL-01 Gladwin IN-LP 4080201 BAEA-99-D-002 Molasses R Fldg 5.46
GO-22 Gogebic IN-UP 4020101 BAEA-99-B-062 Pomeroy L 2.80
GO-22 Gogebic IN-UP 4020101 BAEA-99-B-063 Pomeroy L 295
GO-26 Gogebic IN-UP 4020102 BAEA-99-B-029 Mill L (Sylvania) 8.35
GO-26 Gogebic IN-UP 4020102 BAEA-99-B-030 Mill L (Sylvania) 8.88
HO-02 Houghton LS 4020103 BAEA-99-A-020 Rabbit Bay 4.83
10-02 Tosco IN-LP 4070007 BAEA-99-C-009 Cooke Dam 8.86
10-02 Tosco IN-LP 4070007 BAEA-99-C-008 Cooke Dam 9.45
10-02 Tosco IN-LP 4070007 BAEA-99-C-010 Cooke Dam 11.12
IR-22 Iron IN-UP 4030107 BAEA-99-B-019 Camp 6 Ck-Michigamme R 10.09
IR-23 Iron IN-UP 4030107 BAEA-99-B-015 Way Dam 11.39
IR-23 Iron IN-UP 4030107 BAEA-99-B-014 Way Dam 12.33
IR-32 Iron IN-UP 4030106 BAEA-99-B-052 Chipmunk Falls 6.60
KA-04 Kalkaska IN-LP 4060103 BAEA-99-A-012 Big Blue/Bass L 5.18
LL-06 Leelanau LM 4060200 BAEA-99-A-011 S Manitou Isd 4.58
LU-05 Luce IN-UP 4060106 BAEA-99-A-035 Fork L Ck 4.47
MC-05 Mackinac IN-UP 4060106 BAEA-99-B-012 Black Ck Fldg 3.03
MC-05 Mackinac IN-UP 4060106 BAEA-99-B-011 Black Ck Fldg 3.24
MC-07 Mackinac IN-UP 4070002 BAEA-99-D-015 EL 5.57
MC-18 Mackinac LM 4060107 BAEA-99-A-018 Millecoquins L - 14.69
MC-19 Mackinac LH 4080300 BAEA-99-A-036 Marquette Isd 3.88
MD-01 Midland LH 4080201 BAEA-99-D-007 Sanford L 445
MK-02 Missaukee IN-LP 4060102 BAEA-99-C-004 Moddersville-New Cranberry L 8.85
MM-15 Menominee IN-UP 4030109 BAEA-99-B-026 Ten Mile Ck-Whitney 17.45
MN-02 Manistee LM 4060103 BAEA-99-A-006 Carlson's/Horseshoe Bend 6.65
MN-05 Manistee LM 4060103 BAEA-99-A-009 Manistee R SGA 9.96
MN-06 Manistee IN-LP 4060103 BAEA-99-A-003 Wellston 13.68
MN-07 Manistee IN-LP 4060103 BAEA-99-A-002 Red Bridge N 19.84
MN-08 Manistee IN-UP 4060103 BAEA-99-A-007 Pine/Timmerman L 5.59
MO-03 Monroe LE 4100002 BAEA-99-E-005 Raisin R-Monroe 191
MQ-07 Marquette IN-UP 4030107 BAEA-99-B-049 Squaw/Chief L 3.03
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Table 3. Continued

Territory County Breeding Area HUC® Sample ID Breeding Area Name Hg conc (ug/g)
m* Location®

MQ-07 Marquette IN-UP 4030107 BAEA-99-B-050 Squaw/Chief L 3.90
MQ-09 Marquette IN-UP 4020105 BAEA-99-A-033 Deer L 16.17
MQ-09 Marquette IN-UP 4020105 BAEA-99-A-032 Deer L 17.21
MQ-12 Marquette LS 4020105 BAEA-99-A-023 Huron Isds NWR E 6.20
MQ-22 Marquette LS 4020201 BAEA-99-A-026 Harvey 3.34
MQ-22 Marquette LS 4020201 BAEA-99-A-025 Harvey 4.59
MU-01 Muskegon IN-LP 4060102 BAEA-99-A-001 Cleveland/Blue Lake 7.72
MY-05 Montmorency IN-LP 4070005 BAEA-99-C-016 . Black R Ranch 7.56
MY-10 Montmorency IN-LP 4070005 BAEA-99-C-015 Tomahawk Ck Fldg 13.83
MY-11 Montmorency IN-LP 4070006 BAEA-99-C-020 Bonehead Club 5.46
0G-01 Ogemaw IN-LP 4080101 BAEA-99-C-001 Rifle R Rec Area 2.94
0G-01 Ogemaw IN-LP 4080101 BAEA-99-C-002 Rifle R Rec Area 3.79
ON-01 Ontonagon IN-UP 4020102 BAEA-99-B-028 Bergland Bay 4.62
ON-09 Ontonagon LS 4020102 BAEA-99-B-032 Victoria 15.46
ON-09 Ontonagon LS 4020102 BAEA-99-B-033 Victoria 18.23
ON-20 Ontonagon LS 4020101 BAEA-99-B-072 Carp R-Landlooker Ck 5.97
08-01 Oscoda IN-LP 4070006 BAEA-99-D-009 Reed Ranch 8.06
08-06 Oscoda IN-LP 4070006 BAEA-99-D-010 Shamrock L 6.17
0S-06 Oscoda IN-LP 4070006 BAEA-99-D-011 Shamrock L 6.32
OT-04 Otsego IN-LP 4070004 BAEA-99-C-014 Vanderbilt-Fontinalis Club 7.04
OT-04 Otsego IN-LP 4070004 BAEA-99-C-013 Vanderbilt-Fontinalis Club 8.43

OT-06 Otsego IN-LP 4070007 BAEA-99-D-014 Waters-Brantford L 6.28
OT-07 Otsego IN-LP 4070007 BAEA-99-C-011 O'Rourke L 4.36
0T-07 Otsego IN-LP 4070007 BAEA-99-C-012 ORourke L 5.10
PI1-03 Presque Isle LH 4070003 BAEA-99-D-013 False Presque Isle 7.11

RO-01 Roscommon IN-LP 4070007 BAEA-99-C-006 L StHelen E 13.85
RO-03 Roscommon IN-LP 4060102 BAEA-99-D-004 Deadstream Fldg S 11.27
RO-03 Roscommon IN-LP 4060102 BAEA-99-D-005 Deadstream Fldg S 13.77
RO-03 Roscommon IN-LP 4060102 BAEA-99-D-003 Deadstream Fldg S 15.89
RO-09 Roscommon IN-LP 4060102 BAEA-99-C-007 Marl L 6.93

RO-11 Roscommon IN-LP 4080201 BAEA-99-D-008 W Twin/Woods L 13.19
RO-13 Roscommon IN-LP 4060102 BAEA-99-D-006 Prudenville 5.42
RO-14 Roscommon IN-LP 4060102 BAEA-99-C-003 Porter Ranch 4.65
SC-01 Schoolcraft IN-UP 4060106 BAEA-99-D-016 B1 Pool (Seney NWR) 531

SC-15 Schoolcraft IN-UP 4060106 BAEA-99-B-013 Mud L Ck 3.98

SC-19 Schoolcraft LM 4030112 BAEA-99-B-070 Deer Count Ck 4.27
SC-19 Schoolcraft LM 4030112 BAEA-99-B-069 Deer Count Ck 9.25

SC-20 Schoolcraft IN-UP 4060106 BAEA-99-C-022 D1 Pool (Seney NWR) 3.11

SG-02 Saginaw LH 4080203 BAEA-99-E-001 Shiawassee NWR #1 3.84
WX-02 IN-UP 4060102 BAEA-99-A-010 L Mitchell 6.48

Wexford

A Territory ID is comprised of a two letter county code and a breeding area number assigned sequentially.

B IN = Inland, UP = Upper Peninsula, LS = Lake Superior, LM = Lake Michigan, LH = Lake Huron,
LE = Lake Erie.

€ HUC = Hydrological Unit Code watershed delineation as defined by the U.S. Geological Survey (USGS).
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Table 4. Median and mean Hg concentrations in nestling bald eagle
feathers collected in 1999.

Hg Conc. (ug/g dry wt)

Territory Location Mean + St. Dev. No. of
(Median) samples

All Great Lakes Territories 6.4+ 3.66 33
(5.3)

All Inland Territories 79+4.32 57
(6.6)

Inland Lower Peninsula 8.4+4.16 32
(7.6)

Inland Upper Peninsula 7.3+4.53 25
6.0)

Lake Erie (}:g) 1

Lake Huron 5.3+2.30 9
(4.8)

Lake Michigan 6.6+3.08 13
(5.8)

Lake Superior 7.5%5.06 : 10
(5.6)
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Table 5. Mean Hg concentrations in eaglet feathers from watersheds sampled in 1999 ranked
from high-to-low.

Mean [Hg]
Rank HUC Watershed n (ug/g dry wt)

1 4030109 Cedar — Ford 1 17.4500
2 4060107 Brevoort — Millecoquins 1 14.6900
3 4020105 Dead — Kelsey 3 13.1933
4 4020102 Ontonagon 5 11.1080
5 4070005 Black 2 10.6950
6 4060103 Manistee 6 - 10.1500 -
7 4060102 Muskegon 8 9.1575
8 4070007 Au Sable 7 8.4314
9 4030107 Michigamme 5 8.1480
10 4070004 Cheboygan 2 7.7350
11 4080201 Tittabawassee 3 7.7000
12 4070003 Lone Lake — Ocqueoc 1 7.1100
13 4080300 Lake Huron 2 6.9850
14 4030112 Fishdam — Sturgeon 2 6.7600
15 4030106 Brule 1 6.6000
16 4070001 St. Mary’s 1 6.2800
17 4030110 Escanaba 2 6.0600
18 4060105 Boardman — Charlevoix 3 5.7367
19 4070002 Carp — Pine 3 5.7033
20 4070006 Thunder Bay 6 5.5433
21 4020201 Betsy — Chocolay 5 5.2600
22 4020103 Keweenaw Peninsula 1 4.8300
23 4060200 Lake Michigan 1 4.5800
24 4060106 Manistique 7 4.4014
25 4080101 Au Gres — Rifle 3 3.9333
26 4020101 Black — Presque Isle 3 3.9067
27 4080203 Shiawassee 1 3.8400
28 4050003 Kalamazoo 2 3.7100
29 4080206 Saginaw 1 2.1000
30 4100002 Raisin 1 1.9100
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Table 6. Geometric mean, range and n for Hg concentrations (ug/g dry weight) in
nestling bald eagle feathers collected in Michigan from 1985 — 89
(Bowerman et al., 1994) and 1999.

Location® 1985 -89 1999 p-Value
IN-LP 8.8 7.4 0.1050
(4.6 -13.8) (3.3-19.8)
n=28 n=34
IN-UP 8.1 6.2 0.1715
(3.5-16.0) (2.8-17.5) :
n=44 n=24
LS 8.7 6.4 0.1050
(2.7-18.0) 3.3-18.2)
n=19 n=10
LM &H 8.0 5.4 0.0345*
(4.1-14.0) (1.9-14.7)
n=10 n=24

AIN = Inland, LP = Lower Peninsula, UP = Upper Peninsula, LS = Lake Superior, LM = Lake Michigan,
LH = Lake Huron.

* Statistically significant difference between 1985-89 and 1999.
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Table 7. Organochlorine contaminant analytes measured in nestling bald eagle blood samples
in 1999, with parameter-specific Method Detection Levels (MDLs) and Quantification Levels (QLs).

Organochlorine Contaminant Method Detection Level Quantification Level
Analyte List (MDL) (QL)
Hexachlorobenzene 0.54 2.01
alpha-Hexachlorocyclohexane 1.94 2.01
gamma-Hexachlorocyclohexane (Lindane) 1.84 2.00
Heptachlor 1.74 2.00
Heptachlor Epoxide 0.77 2.00
alpha-Chlordane 0.75 : 2.01
gamma-Chlordane 0.55 2.01
Dieldrin 0.97 2.01
Toxaphene - 125.0
2,4’-Dichlorodiphenyldichloroethylene (2,4’-DDE) 0.86 2.01
4,4’-DDE 0.61 2.01
2,4’Dichlorodiphenyldichloroethane (2,4’-DDD) 1.55 2.00
4,4’-DDD 1.18 2.01
2,4’-Dichlorodiphenyltrichloroethane (2,4’-DDT) 1.57 2.01
4,4’-DDT 1.95 2.01
PCB Congener 8 1.94 1.98
PCB Congener 18 1.21 2.00
PCB Congener 28 1.23 1.99
PCB Congener 44 1.52 1.98
PCB Congener 52 0.64 1.98
PCB Congener 66 0.87 2.00
PCB Congener 101 0.38 2.00
PCB Congener 105 1.44 1.98
PCB Congener 110 1.91 2.00
PCB Congener 118 0.58 1.98
PCB Congener 128 0.75 2.00
PCB Congener 138 0.65 2.00
PCB Congener 153 0.57 1.98
PCB Congener 156 1.54 2.00
PCB Congener 170 1.28 1.98
PCB Congener 180 1.62 : 2.00
PCB Congener 187 1.12 1.98
PCB Congener 195 1.03 2.00
PCB Congener 206 1.19 1.98
PCB Congener 209 1.03 1.99
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Table 8. Concentrations of DDT, DDE and DDD compounds in nestling bald eagle blood samples collected in 1999. Breeding areas were located in either inland lower peninsula
(IN-LP), inland upper peninsula (IN-UP), Lake Huron (LH), Lake Michigan (LM), Lake Erie (LE), or Lake Superior (LS) watersheds. Territories were associated with either inland (IN),
Great Lakes (GL), or anadromous (AN) waterbodies. Concentrations are reported in ng/g wet weight (ppb). Values Below the Method Detection Levels are reported as non-detectable (ND).

8¥

MDLs are reported in Table 7.

. i i 1 . " " o44- 24- 44 Percent
Tertory e nion Loy Betng AraNeme 55 5 35 055 fr por DPEDODODT  Lid
AG-09 LS GL BAEA-99-G-001 Trout Bay-Grand Island ND 9.330 ND ND ND ND 9.330 0.69
AG-10 IN-UP IN BAEA-99-A-034  Nawakwa Lake ND 3.061 ND ND ND ND 3.061 1.21
AG-13 LS GL BAEA-99-C-024  AuSable Point 1 4.801 ND ND ND ND 5.801 0.94
AG-13 LS GL BAEA-99-C-025 AuSable Point 1 4,801 ND ND ND ND 5.801 0.94
AG-20 IN-UP IN BAEA-99-A-029  Hovey Lake ND 17209 ND ND ND ND 17.209 0.84
AL-03 IN-LP IN BAEA-99-C-021 Silver Wolf Club ND 2.670 ND ND ND ND 2.670 0.84
AL-04 IN-LP IN BAEA-99-D-012  McCollum Lake ND 1.000 ND ND ND ND 1 0.84
AN-02 LM AN BAEA-99-E-003 Swan Creek/Highlands ND 16.469  ND 3.945 ND ND 20.414 0.69
AN-02 LM AN BAEA-99-E-004 Swan Creek/Highlands ND 11.920 ND 3.445 ND ND 15.365 0.69
AR-03 LH AN BAEA-99-D-001 Santaigo ND 8.028 ND ND ND ND 8.028 0.74
AR-04 LH GL BAEA-99-E-006 Big Charity Island ND 9.466 ND ND ND ND 9.466 0.71
BY-01 LH AN BAEA-99-E-002 Skull/Stoney Island ND 14.807 ND 9.479 ND ND 24.286 0.82
CP-22 LS GL BAEA-99-C-023 Duck Bay-Sugar Island ND 4.840 ND ND ND ND 4.840 0.00
CP-29 LH GL BAEA-99-A-037  Caribou Lake ND 9.113 ND ND ND ND 9.113 0.74
CP-29 LH GL BAEA-99-A-038  Caribou Lake ND 8.375 ND ND ND ND 8.375 0.85
DE-23 LM GL BAEA-99-B-009 Escanaba R./Gladstone ND 77.425 ND ND ND ND 77.425 0.87
DE-23 LM GL BAEA-99-B-010  Escanaba R./Gladstone ND 60.706  ND ND ND ND 60.706 0.67
ET-05 LM GL BAEA-99-C-017 Walloon Lake ND 34850 ND ND ND ND 34.850 0.85
ET-05 LM GL BAEA-99-C-018 Walloon Lake ND 60.139 ND ND ND ND 60.139 0.82
ET-05 LM GL BAEA-99-C-019 Walloon Lake ND 96.190 ND ND ND ND 96.190 0.73
GL-01 IN-LP IN BAEA-99-D-002  Molasses River Flooding ND 2.458 ND ND ND ND 2.458 0.78
GO-22 IN-UP IN BAEA-99-B-062 Pomeroy Lake ND 1 ND ND ND ND 1 0.87
GO-22 IN-UP IN BAEA-99-B-063 Pomeroy Lake ND ND ND ND ND ND ND 0.80
GO-26 IN-UP IN BAEA-99-B-029 Mill Lake ND ND ND ND ND ND ND 0.73
GO-26 IN-UP IN BAEA-99-B-030  Mill Lake ND ND ND ND ND ND ND 0.78
HO-02 LS GL BAEA-99-A-020  Rabbit Bay ND 41406 ND ND ND ND 41.406 0.86
10-02 IN-LP IN BAEA-99-C-008  Cooke Dam ND 5.394 ND ND ND ND 5.394 0.84
10-02 IN-LP IN BAEA-99-C-009  Cooke Dam ND 6.999 ND ND ND ND 6.999 1.04
10-02 IN-LP IN BAEA-99-C-010  Cooke Dam ND 5.815 ND ND ND ND 5.815 0.93
IR-22 IN-UP IN BAEA-99-B-019  Michigamme R./Camp 6 Creek ND 2.768 ND ND ND ND 2.768 0.81
IR-23 IN-UP IN BAEA-99-B-014 Way Dam ND ND ND ND ND ND ND 0.93
1IR-23 IN-UP IN BAEA-99-B-015 Way Dam ND 9.581 ND ND ND ND 9.581 1.02
IR-32 IN-UP IN BAEA-99-B-052  Chipmunk Falls ND ND ND ND ND ND ND 0.85
KA-04 IN-LP IN BAEA-99-A-012 Blue Lakes ND 3.420 ND ND ND ND 3.420 0.95
LL-06 LM GL BAEA-99-A-011 South Manitou Island ND 36.140 ND ND ND ND 36.140 0.77
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Table 8. Continued

: . , , , , , , Percent

Ty ST MRS s 3 NG 5 fn e s oowooveot Lo
LU-05 IN-UP IN BAEA-99-A-035 Fort Lake Creek ND 4284 ND ND ND ND 4284 1.06
MC-05 IN-UP IN BAEA-99-B-011 Black Creek Flooding ND 2.835 ND ND ND ND 2.835 0.93

MC-05 IN-UP IN BAEA-99-B-012 Black Creek Flooding ND 2.484 ND ND ND ND 2.484 0.69
MC-07 IN-UP IN BAEA-99-D-015 East Lake (EL) ND 2.216 ND ND ND ND 2.216 0.73
MC-18 LM GL BAEA-99-A-018  Millecoquins Lake ND 43.650 ND ND ND ND 43.650 0.81

MC-19 LH GL BAEA-99-A-036 Marquette Island ND “12.461 ND 1 ND ND 13.461 0.79
MD-01 LH AN BAEA-99-D-007 Sandford ND 8.183 ND ND ND ND 8.183 0.81

MK-02 IN-LP IN BAEA-99-C-004 Moddersville ND 4.683 ND ND ND ND 4.683 0.75
MM-15 IN-UP IN BAEA-99-B-026 10 Mile Creek/Whitney 2.733 82.561 ND 6.426 ND ND 91.720 0.94
MN-02 LM AN BAEA-99-A-006 Horseshoe Bend 1.000 46.485 ND 5.141 ND ND 52.626 0.98
MN-05 LM GL BAEA-99-A-009 Manistee River SGA ND 23.010 ND ND ND ND 23.010 0.74
MN-06 IN-LP IN BAEA-99-A-003 Wellston ND 2.100 ND ND ND ND 2.100 0.87
MN-07 IN-LP IN BAEA-99-A-002 Red Bridge North ND 3.430 ND ND ND ND 3.430 1.14
MN-08 IN-UP IN BAEA-99-A-007 Pine/Timmerman Lake ND 7.565 ND ND ND ND 7.565 0.88
MO-03 LE GL BAEA-99-E-005 Raisin River/Monroe ND 8.122 ND 3.132 ND ND 11.254 0.78
MQ-07 IN-UP IN BAEA-99-B-049 Squaw/Chief Lake ND 2.184 ND ND ND ND 2.184 0.93
MQ-07 IN-UP IN BAEA-99-B-050 Squaw/Chief Lake ND 2.462 ND ND ND ND 2.462 0.87
MQ-09 IN-UP IN BAEA-99-A-032 Deer Lake ND ND ND ND ND ND ND 0.72
MQ-09 IN-UP IN BAEA-99-A-033 Deer Lake ND ND ND ND ND ND ND 0.90
MQ-12 LS GL BAEA-99-A-023 Huron Islands East 4.304 198.321 ND ND ND ND 202.625 1.20
MQ-22 LS GL BAEA-99-A-025 Harvey ND 8.230 ND ND ND ND 8.230 0.79
MQ-22 LS GL BAEA-99-A-026 Harvey ND 12.664 ND ND ND ND 12.664 1.19
MQ-24 IN-UP IN BAEA-99-A-030 Escanaba River ND ND ND ND ND ND ND 0.71

MQ-25 IN-UP IN BAEA-99-B-024 Ford River-Margarets Rapids ND 25.810 ND ND ND ND 25.810 0.87
MU-02 LM AN BAEA-99-A-001 Muskegon River SGA ND 15.950 ND ND ND ND 15.950 0.98
MY-05 IN-LP IN BAEA-99-C-016 Black River Ranch ND 3.295 ND ND ND ND 3.295 0.89
MY-10 IN-LP IN BAEA-99-C-015 Tomahawk Creek Flooding ND 8.821 ND ND ND ND 8.821 0.86
MY-11 IN-LP IN BAEA-99-C-020 Bone Head Club ND 4.096 ND ND ND ND 4.096 0.76
NE-01 LM AN BAEA-99-A-008 Anderson Bayou ND 16.250 ND 7.000 ND ND 23.250 1.08
0G-01 IN-LP IN BAEA-99-C-001 Rifle River ND 2.738 ND ND ND ND 2.738 0.86
0G-01 IN-LP IN BAEA-99-C-002 Rifle River ND ND ND ND ND ND ND 0.77
0G-04 IN-LP IN BAEA-99-C-005 Lake Agestina ND 8.840 ND ND ND ND 8.840 0.92
ON-01 IN-UP IN BAEA-99-B-028 Bergland Bay ND 3.174 ND ND ND ND 3.174 0.86
ON-09 LS AN BAEA-99-B-032 Victoria Dam ND 8.499 ND ND ND ND 8.499 0.83

ON-09 LS AN BAEA-99-B-033 Victoria Dam ND 12.383 ND ND ND ND 12.383 1.10
ON-20 LS GL BAEA-99-B-072 Carp River/Land Lookers Creek ND 5.493 ND ND ND ND 5.493 0.86
0S-01 IN-LP IN BAEA-99-D-009  Reed Ranch ND 2.203 ND ND ND ND 2203 1.13

0S-06 IN-LP IN BAEA-99-D-010 Shamrock Lake ND 1 ND ND ND ND 1 0.96

08-06 IN-LP IN BAEA-99-D-011 - Shamrock Lake ND ND ND ND ND ND ND 0.93




Table 8. Continued

; : s , , , , s Percent
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OT-04 IN-LP IN BAEA-99-C-013 Fontinalis Club ND 5.894 ND ND ND ND 5.894 1.06

OT-04 IN-LP IN BAEA-99-C-014 Fontinalis Club ND 3.856 ND ND ND ND 3.856 0.92

OT-06 IN-LP IN BAEA-99-D-014  Bradford Lake (Waters) ND 18.273 ND ND ND ND 18.273 0.87

OoT-07 IN-LP IN BAEA-99-C-011 O'Rourke Lake ND 7.151 ND ND ND ND 7.151 1.09

OT-07 IN-LP IN BAEA-99-C-012 O'Rourke Lake ND 5.242 ND ND ND ND 5.242 0.93

PI1-03 LH GL BAEA-99-D-013 False Presque Isle 1 29.618 ND 2.343 ND ND 32.961 1.11

RO-01 IN-LP IN BAEA-99-C-006 East St Helens ND 5.178 ND ND ND ND 5.178 0.82

RO-03 IN-LP IN BAEA-99-D-004 Dead Stream ND 2.525 ND ND ND ND 2.525 0.93

RO-03 IN-LP IN BAEA-99-D-005 Dead Stream ND 2.770 ND ND ND ND 2.770 0.34

RO-09 IN-LP IN BAEA-99-C-007 Marl Lake ND 4.962 ND ND ND ND 4.962 0.81

RO-11 IN-LP IN BAEA-99-D-008 West Twin Lake ND 1.000 ND ND ND ND 1.000 0.92

RO-13 IN-LP IN BAEA-99-D-006 Prudenville ND 2.292 ND ND ND ND 2.292 0.81

RO-14 IN-LP IN BAEA-99-C-003 Porter Ranch ND 9.190 ND ND ND ND 9.190 0.87

SC-15 IN-UP IN BAEA-99-B-013 Mud Lake Creek ND ND ND ND ND ND ND 0.88

SC-19 LM GL BAEA-99-B-069 Deer Count Creek 1 96.193 ND 3.989 ND ND 101.182 1.06

: SC-19 LM GL BAEA-99-B-070 Deer Count Creek 2.035 127.585 ND 4.285 ND ND 133.905 0.90
| SC-20 IN-UP IN BAEA-99-C-022 Seney D1 Pool ND 2.973 ND ND ND ND 2.973 0.77
SG-02 LH AN BAEA-99-E-001 Shiawassee NWR ND 8.025 ND 7.206 ND ND 15.231 0.58
g‘ WX-02 IN-LP IN BAEA-99-A-010 Lake Mitghell ND 6.080 ND ND ND ND 6.080 0.67




IS

Table 9. Mean and median DDT, DDE and DDD concentrations (ng/g wet weight) in nestling bald eagle blood samples collected in 1999.

Values below the Method Detection Levels (MDL) are reported as non-detectable (ND). MDLs are reported in Table 7.

Territory Location 2,4’ DDE 44> DDE 2,4’ DDD 4,4 DDD 2,4’ DDT 4,4’ DDT Total DDTs
Mean =+ St. Dev Mean = St. Dev. Mean =+ St. Dev Mean = St. Dev Mean =+ St. Dev Mean + St. Dev Mean =+ St. Dev. n
(Median) (Median) (Median) (Median) (Median) (Median) (Median)
All Inland Territories 0.0479 £ 0.3636 5.54 £ 1141 ND 0.113+£0.852 ND ND 5.70+12.53 57
© (2.84) (ND) 0 (ND) (ND) (2.84)
All Anadromous Territories 0.909 +0.3015 15.18 £10.95 ND 329+3.54 ND ND 18.57+ 12.67 11
0) (12.38) (ND) (3.45) (ND) (ND) (15.37)
All Great Lakes Territories 0.363 £ 0.991 40.92+47.43 ND 0.590 + 1.321 ND ND 41.84 £48.62 25
0) (23.01) (ND) () (ND) (ND) (23.01)
Inland Lower Peninsula ND 4481 +3.527 ND ND ND ND 4481 +3.527 32.
(ND) (3.645) (ND) (ND) (ND) (ND) (3.645)
Inland Upper Peninsula 0.109 £ 0.546 6.89 +16.87 ND 0.257 £ 1.286 ND ND 7.25+18.59 25
© (2.46) (ND) 0) (ND) (ND) (2.46)
Lake Huron 0.111+0.333 12.01 £ 7.00 ND 2.23 +3.60 ND ND 14.35+8.74 9
(0) ©.11) (ND) () (ND) (ND) 9.47)
Lake Michigan 0.269 £+ 0.602 50.87 +35.17 ND 1.855+2.473 ND ND 52.99 +35.63 15
0) (43.65) (ND) ©) (ND) (ND) (43.65)
Lake Erie ND 8.12 ND 3.13 ND ND 11.25 1
(ND) (8.12) (ND) (3.13) (ND) (ND) (11.25)
Lake Superior 0.478 +1.433 283 +57.4 ND ND ND ND 28.6 +£58.6 11
0) (8.5) (ND) (ND) (ND) (ND) (8.5)




Table 10. Geometric mean, range and frequency of detectable concentrations of 4,4’-DDE in plasma of
104 nestling bald eagles in Michigan and Voyageurs National Park (VNP), Minnesota in 1999 compared
to 251 samples collected in 1987-1992 (Bowerman, 1993).

Location® Geometric Mean Range Percent Decline Frequency (%)
(ng/g) (ng/g) Maximum Conc. of Detect

VNP, MN -

1987-1992 20 <5-206 89.8% 95%
1999 6 <2-21 , 92%

IN-LP

1987-1992 10 <5-193 90.7% 86%

1999 4 <2-18 84%
IN-UP
1987-1992E 12 <5-24 +345.9% 94%
1987-1992W 10 <5-245 66.1% 79%

1999 3 <2-83 60%
LH

1987-1992 25 <5-78 61.5% 92%
1999 11 8-30 100%
LM

1987-1992 35 <5-235 45.5% 100%
1999 42 12-128 100%
LE

1987-1992 22 <5-429 98.1% - 100%
1999 8 - ' 100%
LS

1987-1992 25 <5-306 353% 92%
1999 11 3-198 100%

AIN = Inland, LP = Lower Peninsula, UP = Upper Peninsula, LH = Lake Huron, LM = Lake Michigan, LE = Lake Erie,
LS = Lake Superior.
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Table 11. Concentrations of PCB congeners and Total PCB concentrations in nestling bald eagle plasma samples collected in 1999. Values below the Method Detection Levels (MDLs) are reported as
non-detectable (ND). MDLs are reported in Table 7.

Breeding

Territory ~ Arca Ef)’c‘;tfg PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB gg‘; Pﬁi';i'i“
(A) Location 8 18 28 44 52 66 101 105 110 118 128 138 153 156 170 180 187 195 206 209

®) © Congeners  (W/v)

AG-09 LS GL ND ND ND ND ND ND ND ND ND 215 ND 888 667 ND 1.00 3.04 100 ND ND ND 22.74 0.69
AG-10 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 121
AG-13 LS GL ND ND ND ND ND ND ND ND ND 1.00 ND 229 1.00 ND ND 100 ND ND ND ND 5.29 0.94
AG-13 LS GL ND ND ND ND ND ND ND ND ND 1.00 ND 229 1.00 ND ND 100 ND ND ND ND 5.29 0.94
AG-20 IN-UP IN ND ND ND ND ND ND ND 100 ND 507 100 972 1047 ND ND 648 297 ND ND ND 36.70 0.84
AL-03 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND . 1.00 0.84

‘ AL-04 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.84
. AN-02 LM AN ND ND ND 408 6.09 1045 394 100 939 1438 100 2099 1698 ND 213 552 100 ND ND ND 96.94 0.69
j AN-02 LM AN ND ND ND 353 525 679 ND 100 602 739 ND 1504 1221 ND 100 38 100 ND ND ND 63.05 0.69
! AR-03 LH AN ND ND ND 100 ND 237 ND 100 294 548 ND 846 377 ND 100 235 1.00 ND ND ND 29.37 0.74
AR-04 LE GL ND ND ND ND ND 100 ND 100 252 552 ND 1084 840 ND 100 395 100 ND ND ND 35.22 0.71
BY-01 LH AN ND ND ND 520 566 862 ND 347 999 1268 ND 19.03 11.04 ND 227 58 219 ND ND ND 85.96 0.82

CP-22 LS GL ND ND ND ND ND ND ND ND ND 1.00 ND 3.71 100 ND 100 221 1.00 ND ND ND 9.92 0.00

o CP-29 LH GL ND ND ND ND ND ND ND ND ND 100 ND 38 407 ND ND 100 ND ND ND ND 9.92 0.74
W Cp-29 LH GL ND ND ND ND ND 100 100 1.00 ND 100 ND 477 476 ND ND 248 100 ND ND ND 17.00 0.85
DE-23 LM GL ND ND ND ND 1.00 934 208 588 235 1776 4.05 3828 4330 1.00 893 2865 1532 1.00 231 1.00 182.23 0.87
DE-23 LM GL ND ND ND ND ND 7.82 295 336 3.2 1221 284 2385 2634 ND 336 1748 957 ND 1.00 ND 113.89 0.67

ET-05 LM GL ND ND ND ND ND ND ND 100 547 538 231 2708 2341 ND 100 1249 639 100 ND ND 85.54 0.85
ET-05 LM GL ND ND ND ND ND ND ND 456 7.09 1537 284 3351 358 ND 578 1849 1207 ND ND ND 135.58 0.82

‘ ET-05 LM GL ND ND ND ND ND ND 100 ND 670 911 476 6243 6098 ND 1584 3193 1370 ND ND ND 206.44 0.73
GL-01 IN-LP IN ND ND ND ND ND 100 ND ND 100 100 ND 1.00 1.00 ND ND 100 ND ND ND ND 6.00 0.78
GO-22 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.87
GO-22 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.80
GO-26 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.73
GO-26 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.78
HO-02 LS GL ND ND ND ND ND 100 ND 341 ND 944 377 2603 31.11 ND 487 1662 728 ND 1.00 ND 104.51 0.86

10-02 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.84
10-02 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 547 ND ND 219 318 ND ND ND 10.84 1.04
10-02 IN-LP IN ND ND ND ND ND ND ND ND 100 100 ND 584 343 ND ND 271 312 ND ND ND 17.10 0.93
IR-22 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.81
IR-23 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND .ND ND ND ND ND ND 0.93
IR-23 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1.02

IR-32 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.85
KA-04 -IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.95

LL-06 LM GL ND ND ND ND ND 100 ND 347 809 823 ND 1696 1774 ND 509 959 561 ND ND ND 75.78 0.77




Table 11. Continued

Breeding .
Territory ~ Area Iﬁ:;:?;{ PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PcB ~ Sum  Percent
8

() Location c 18 28 44 52 66 101 105 110 118 128 138 1S3 156 170 180 187 195 206 209 PCB Lipid
(B) © Congeners  (W/v)

LU-05 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND 1.00 ND ND 100 ND ND ND ND 2.00 1.06
MC-05 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND 1.00 ND ND ND ND ND ND ND 1.00 0.93
MC-05 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.69
MC-07 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.73
MC-18 LM GL ND ND ND 100 ND 329 ND 262 758 9.00 100 1477 1341 100 257 607 28 ND ND ND 65.14 0.81
MC-19 LH GL ND ND ND 100 100 317 267 100 ND 458 100 646 507 ND 1.00 257 100 ND ND ND 30.53 0.79
MD-01 LH AN ND ND ND ND ND 1.00 ND ND 1.00 100 ND 1.00 233 ND ND 100 ND ND ND ND 7.33 0.81
MK-02 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 212 ND ND 1.00 ND ND ND ND 3.12 0.75
MM-15 IN-UP IN ND ND ND 446 460 1601 1142 727 866 2742 484 3579 4049 ND 299 1742 796 ND ND ND 189.32 0.94
MN-02 LM AN ND ND ND ND ND 436 564 304 1079 956 3.18 2085 1889 207 359 1037 622 ND 100 ND - 9955 0.98
MN-05 LM GL ND ND ND ND ND ND ND ND ND 507 ND 1064 98 ND 1.00 400 25 ND ND ND 33.16 0.74
MN-06 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 1.00 ND ND ND ND ND ND ND 1.00 0.87
MN-07 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 333 ND ND 100 ND ND ND ND 433 1.14

: MN-08 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND 298 ND ND ND ND ND ND ND 298 0.88
1 MO-03 LE GL ND 327 347 1902 1886 2885 967 469 1843 1760 100 2765 2374 100 784 1914 1083 ND ND ND 215.05 0.78
7% MQ-07 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.93
or MQ-07 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.87
N MQ-09 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND 4.58 ND ND 392 269 ND ND ND 11.19 0.72
MQ-09 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND 48 ND - ND 409 256 ND ND ND 11.55 0.90
MQ-12 LS GL ND ND ND ND ND 1130 1.00 1360 433 3711 13.60 8799 10033 727 1759 3962 2893 252 396 ND 369.14 1.20
MQ-22 LS GL ND ND ND  ND ND ND ND ND ND 1.00 ND 508 5.21 ND ND 262 ND ND ND ND 13.91 0.79
MQ-22 LS GL ND ND ND ND ND ND ND ND ND 229 1.00 6.80 8.32 ND ND 435 1.00 ND ND ND 23.75 1.19
MQ-24 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND 1.00 ND ND ND 100 ND ND ND ND 2.00 0.71
MQ-25 IN-UP IN ND ND ND ND ND ND ND ND 542 430 ND 1671 1679 ND ND 765 352 ND ND ND 54.39 0.87
MU-02 LM AN ND ND ND ND ND ND ND ND ND 325 100 7.05 649 ND ND 310 ND ND ND ND 20.89 0.98
MY-05 IN-LP IN ND ND ND ND -~ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.89
MY-10 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.86
MY-11 IN-LP IN ND ND ND ND ND ND ND ND 1.00 ND ND  4.10 100 ND ND 100 ND ND ND ND 7.10 0.76
NE-01 LM AN ND ND ND ND ND ND ND 1.00 ND 100 ND 345 409 ND ND 100 100 ND ND ND 11.54 1.08
0G-01 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 441 ND ND ND 441 0.86
0G-01 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND 357 349 ND ND ND 322 ND ND ND 10.28 0.77
0G-04 IN-LP IN ND ND ND ND ND ND ND ND 1.00 ND 1.00 ND 323 ND ND 1.00 2.61 ND ND ND 8.84 0.92
ON-01 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.86

LS AN ND ND ND ND ND ND ND ND ND ND ND 553 578 ND ND 219 ND ND ND ND 13.50 0.83

LS AN ND ND ND ND ND ND ND ND ND ND ND  7.14 8.80 ND ND ND ND ND ND ND 15.94 1.10

LS GL ND ND ND ND ND ND ND ND ND ND ND ND 3.09 ND ND ND ND ND ND ND 3.09 0.86

IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1.13

‘IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.96




Table 11. Continued

Breeding

Territory ~ Arca Ig:;fg PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB gg‘; Pfi';f("“
(A) Location 8 18 28 44 52 66 101 105 110 118 128 138 153 156 170 180 187 195 206 209
®) ©) Congeners  (w/v)
05-06 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.93
OT-04 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1.06
OT-04 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND ND ND ND ND ND 1.00 0.92
OT-06 IN-LP IN ND ND ND ND ND 100 ND 100 ND 372 100 1110 551 ND 100 465 201 ND ND ND 30.99 0.87
OT-07 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1.09
i orT-07 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.93
" PI-03 LH GL ND ND ND 100 100 488 593 353 582 1194 100 1971 1397 ND 332 811 35 ND 100 ND 84.76 L1t
RO-01 IN-LP N ND ND ND ND ND ND ND ND . ND ND ND 292 273 ND ND ND ND ND ND ND 5.65 0.82
; RO-03 IN-LP N ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.93
RO-03 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND ND ND ND ND - 100 0.34
| RO-09 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND 224 ND ND ND ND ND ND ND ND 2.24 0.81
. _RO-11 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.92
RO-13 IN-LP N ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.81
RO-14 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND 250 100 ND ND ND 216 ND ND ND 5.65 0.87
" SC-15 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.88
SC-19 LM "GL ND ND 1.00 356 439 1483 686 855 834 2622 740 4241 4503 3.7 754 2613 1462 100 255 ND 22359 1.06
SC-19 LM GL ND ND 100 3.08 426 1750 8.18 13.66 972 3563 10.81 5744 6453 483 911 3484 1876 100 302 ND  297.36 0.90
SC-20 IN-UP IN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.77
SG-02 LH AN ND ND ND 100 100 328 ND ND 480 351 ND 1121 596 ND 100 352 100 ND ND ND 36.28 0.58
L WX-02 IN-LP IN ND ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND ND ND ND ND 1.00 0.67
i
A) Territory ID is comprised of a two-letter county code and a breeding area number assigned sequentially.

®B) IN = Inland, UP = Upper Peninsula, LS = Lake Superior, LM = Lake Michigan, LH = Lake Huron, LE = Lake Erie

© GL = Great Lakes, AN = Anadromous




Table 12. Mean and median concentrations of 20 PCB congeners and their sum Total PCB concentrations in nestling bald eagle plasma samples in 1999. Values below

the Method of Detection Levels (MDL) are reported as non-detectable (ND). MDLs are provided in Table 7.

8 18 28 44 52 66 101 105 110 118
Teritory Location n Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev.  Mean +/- St. Dev.
(Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median)
All Inland Tenitories 57 ND ND ND 0.783 +/- 0.591 0.0807 +/- 0.609 0.316 +/-2.214 0.200 +/- 1.512 0.163 +/- 0.976 0.317 +/- 1.354 0.746 +/-3.732
(ND) (ND) (ND) 0) (] (] 0) (V] 0) 0)
All Anadromous Territories 11 ND ND ND 1.347 +/-1.955 1.636 +/- 2.612 3.350 +/- 3.770 0.870 +/-1.973 0.956 +/- 1.235 4.080 +/- 4.360 5.290 +/- 5.100
(ND) (ND) (ND) 0) 0) (2.37) 0) (1.0) (2.94) (3.51)
All Great Lakes Termitories 25 ND 0.131 +/- 0.653 0.219 +/- 0.731 1.147 +/- 3.842 1.220 +/- 3.867 4.200 +/- 1.790 1.653 +/- 2.868 2.853 +/- 3.963 3.582 +/- 4.587 9.620 +/- 10.440
(ND) (0) (0) 0) 0) (1.0) 0) (1.0) (2.349) (5.520)
Inland Lower Peninsula Territories 32 ND ND ND ND ND 0. 063 +/- 0.250 ND 0.0313 +/-0.177 0.125 +/- 0.336 0.179 +/- 0.691
(ND) (ND) (ND) (ND) (ND) (V] (ND) ) ©) - )
inland Upper Peninsula Territories 25 ND ND ND 0.178 +/- 0.892 0.184 +/-0.920 0.640 +/- 3.202 0.457 +/-2.283 0.331 +/- 1.459 0.563 +/- 2.004 1.470 +/- 5.560
Ly (ND) (ND) (ND) (0) © © 0 (0) 0) 0)
; Lake Huron 9 ND ND ND 1.020 +/- 1.640 0.962 +/- 1.827 2.814 +/-2.653 1.067 +/-2.032 1.223 +/-1.373 3.010 +/-3.380 5.190 +/- 4.440
(ND) (ND) (ND) (1.0) 0) (2.374) (0) (1.0) (2.520) (4.580)
Lake Michigan 15 ND ND 0.133 +/- 0.352 1.017 +/-1.621 1.399 +/- 2.294 5.030 +/- 5.870 2.042 +/- 2.836 3.276 +/-2.729 5.643 +/- 5.681 11.970 +/- 9.100
(ND) (ND) 0) 0) (0) (3.290) (0) (2.620) (6.697) (9.110)
g s Lake Erie 1 ND 3.270 3.470 19.020 18.860 28.847 9.673 4.687 18.428 17.601
(ND) (3.270) (3.470) (19.020) (18.860) (28.847) (9.673) (4.687) (18.428) (17.601)
Lake Superior 11 ND ND ND ND ND 1.120 +/- 3.390 ND 1.550 +/-4.130 0.394 +/- 1.306 5.000 +/- 10.980
(ND) (ND) (ND) (ND) (ND) (0) (ND) 0 0) (1.0




Table 12. Continued

Sum PCB
CongenersA
128 138 153 156 170 180 187 195 206 209
Territory Location n Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev. Mean +/- St. Dev.  Mean +/- St. Dev. Mean +/- St. Dev. = Mean +/- St. Dev.
(Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median) (Median)
All Inland Territories 57 0.138 +/- 0.673 1.710 +/- 5.505 2.062 +/-5.928 ND 0.070 +/-0.416 0.984 +/-2.744 0.726 +/- 1.549 ND ND ND 7.6+/-26.4
0) 0) 0) (ND) 0) © (U] (ND) (ND) (ND) (V]
All Anadromous Territories 1 0.471 +/- 0.983 10.890 +/-7.080 8.760 +/- 5.450 0.188 +/- 0.623 0.999 +/- 1.208 3.517 +/-2.910 1.219 +/-1.793 ND 0.0909 +/- 0.302 ND 43.7 +/- 36.0
) (8.46) (6.49) ) (1.0) (3.10) (1.0) (ND) (0) (ND) (29.4)
All Great Lakes Territories 25 2.295 +/- 3.562 21.750 +/-22.010  22.330 +/- 24.600 0.730 +/-1.777 3.913 +/-4.900 11.890 +/- 12.070 6.320 +/-7.470 0.261 +/- 0.601 0.593 +/-1.133 0.040 +/- 0.200 94.8 +/- 100.9
(1.0) (14.77) (13.41) (0) (1.0) (6.07) (2.83) ) 0) 0) (65.1)
Inland Lower Peninsula Territories 32 0.063 +/- 0.250 1.071 +/- 2.355 1.103 +/- 1.653 ND 0.031 +/- 0.177 0.455 +/- 1.018 0.678 +/- 1.288 ND ND ND 3.8+/-6.5
0) 0) 0) (ND) ) 0) 0) (ND) (ND) (ND) (1.0)
Inland Upper Peninsula Termitories 25 0.234 +/- 0.981 2.530 +/-7.890 3.290 +/- 8.700 ND 0.120 +/- 0.598 1.662 +/- 3.921 0.788 +/- 1.858 ND ND ND 12.450 +/- 39.030
0) (0) (0) (ND) (] 0) 0) (ND) (ND) (ND) (0)
Lake Huron 9 0.222 +/- 0.441 9.480 +/- 6.490 6.660 +/- 3.810 ND 1.065 +/- 1.114 3.422 +/-2.305 1.195 +/- 1.098 ND 0.111 +/- 0.333 ND 37.4 +/-29.1
0) (8.460) (5.070) (ND) 1.0) (2.572) (1.0) (ND) () (ND) (30.5)
Lake Michigan 15 2.746 +/-3.072 26.320 +/- 17.480  26.610 +/- 19.160 0.804 +/- 1.461 4.460 +/- 4.390 14.230 +/- 11.370 7.380 +/- 6.200 0.267 +/- 0.458 0.659 +/- 1.084 0.068 +/- 0.258 114.0 +/-81.4
(2.310) (20.990) (18.890) 0) (3.360) (10.370) (6.220) (0) (0) (0) (96.9)
Lake Erie 1 1.000 27.647 23.739 1.000 7.84 19.136 10.832 ND ND ND 215.1
. (1.000) (27.647) (23.739) (1.000) (7.840) (19.136) (10.832) (ND) (ND) (ND) (215.1)
(4] Lake Superior 11 1.670 +/-4.120 14.160 +/-25.440  15.660 +/- 29.320 0.660 +/-2.190 2.220 +/- 5.300 6.660 +/- 11.890 3.560 +/- 8.680 0.229 +/- 0.761 0.450 +/- 1.200 ND 53.400 +/- 108.500
©) (5.530) (5.780) (0) () (2.210) ) 0) (0) (ND) (13.9)




Table 13. Geometric mean, range and frequency of detectable concentrations of Total PCBs in plasma of 104 nestling bald eagles
in Michigan and Voyageurs National Park, Minnesota in 1999 compared to 251 samples collected in 1987-1992 (Bowerman, 1993).

Location® Geometric Mean Range Percent Decline Frequency (%)
(ng/g) (ng/g) Maximum Conc. of Detect
VNP, MN
1987-1992 47 <10-1615 98.6% 91%
1999 2 <2-22 31%
IN-LP
1987-1992 31 <10-200 86.5% - 96%
1999 2 <2-27 41%
IN-UP
1987-1992E 32 <10 - 146 +22.8% 94%
1987-1992W 25 <10-177 +6.3% 88%
1999 2 <2-189 24%
LH
1987-1992 105 5-928 90.7% 100%
1999 20 2-86 100%
LM
1987-1992 154 14 - 628 53.0% 100%
1999 85 8-295 100%
LE
1987-1992 199 81-1325 83.8% 100%
1999 215 - 100%
LS
1987-1992 127 12-640 42.5% 100%
1999 12 <2-368 91%

A In = Inland, LP = Lower Peninsula, UP = Upper Peninsula, LH = Lake Huron, LM = Lake Michigan, LE =Lake Erie,

LS = Lake Superior.
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Table 14. Mean Total PCB concentrations (ng/g wet weight) in watersheds sampled in 1999 ranked high-to-low.

Rank HUC Watershed n Mean [Total PCBs]
+ St. Dev.
1 4030112 Fishdam - Sturgeon 2 260.5+52.2
2 4100002 Raisin 1 215.1
3 4060105 Boardman - Charlevoix 3 142.5+60.7
4 4020105 Dead - Kelsey 3 131.0 +207.0
5 4030109 Cedar - Ford 2 121.9+95.4
6 4020103 Keweenaw Peninsula 1 104.5
7 4030110 Escanaba 3 99.4+91.0
8 4080206 Saginaw 1 86.0
9 4070003 Lone Lake - Ocqueoc 1 84.76
10 4050003 Kalamazoo 2 80.0 +24.0
11 4060200 Lake Michigan 1 75.8
12 4060107 Brevoort - Millecoquins 1 65.1
13 4080203 Shiawassee 1 36.3
14 4080300 Lake Huron 2 329+33
15 4060103 Manistee 6 23.5+39.3
16 4020300 Lake Superior 1 22.7
17 4080101 Au Gres - Rifle 4 132=+11.1
18 4070001 St. Mary's 1 9.92
19 4020201 Betsy - Chocolay 5 9.7+9.3
20 4070007 Au Sable 7 9.2+11.6
21 4070002 Carp - Pine 3 9.0£8.5
22 4060106 Manistique 6 6.6+14.8
23 4020102 Ontonagon 5 59+8.1
24 4060102 Muskegon 9 5.1+7.0
25 4080201 Tittabawassee 3 44+39
26 4070006 Thunder Bay 6 1.4£29
27 4020101 Black - Presque Isle 3 1.0+1.8
28 4070004 Cheboygan 2 0.5+0.7
29 4030106 Brule 1 ND
30 4030107 Michigamme 5 ND
31 4070005 Black 2 ND

29




Table 15. Concentrations of several organochlorine pesticides in nestling bald eagle blood samples collected in 1999. Breeding areas were located in either inland lower peninsula (IN-LP), inland upper peninsula (IN-UP), Lake Huron
(LH), Lake Michigan (LM, Lake Erie (LE), or Lake Superior (LS) watersheds. Territories were associated with either Inland (IN), Great Lakes (GL), or Anadromous (AN) waterbodies. Concentrations are reported in ng/g weight (ppb).
Values below the Method Detection Levels are reported as non-detectable (ND). MDLs are reported in Table 7.

09,

. Breeding Territory Blood Sample . Hexachloro- Heptachlor a- g- L Pefcc.znt
Territory L (;:j?on Location Number Breeding Area Name benzene a-HCH g-HCH  Heptachlor Epoxide Chlordane  Chlordane Dieldrin  Toxaphene z:/;;:g
AG-09 LS GL BAEA-99-G-001  Trout Bay-Grand Island ND ND ND ND ND ND ND 2 ND 0.69
AG-10 IN-UP IN BAEA-99-A-034  Nawakwa Lake ND ND ND ND ND ND ND ND ND 121
AG-13 LS GL BAEA-99-C-024  AuSable Point ND ND ND ND 1 1 ND 3.813 ND 0.94
AG-13 LS GL BAEA-99-C-025  AuSable Point ND ND ND ND 1 1 ND 3.813 ND 0.94
AG-20 IN-UP IN BAEA-99-A-029  Hovey Lake ND ND ND ND ND ND ND ND ND 0.84
AL-03 IN-LP IN BAEA-99-C-021  Silver Wolf Club ND ND ND ND ND ND ND ND ND 0.84
AL-04 IN-LP IN BAEA-99-D-012  McCollum Lake ND ND ND ND ND ND ND ND ND 0.84
AN-02 LM AN BAEA-99-E-003  Swan Creek/Highlands ND ND ND ND 1 2.381 ND 1 ND 0.69
AN-02 LM AN BAEA-99-E-004  Swan Creek/Highlands ND ND ND ND 1 1 ND 1 ND 0.69
AR-03 LH AN BAEA-99-D-001  Santaigo ND ND ND ND 1 1 ND 1 ND 0.74
AR-04 LH GL BAEA-99-E-006  Big Charity Island ND ND ND ND ND 1 ND 1 ND 0.71
BY-01 LH AN BAEA-99-E-002  Skull/Stoney Island ND ND ND ND 1 2222 ND 1 ND 0.82
CP-22 LS GL BAEA-99-C-023  Duck Bay-Sugar Island ND ND ND ND ND ND ND 1 ND 0.00
CP-29 LH GL BAEA-99-A-037  Caribou Lake ND ND ND ND ND ND ND ND ND 0.74
CP-29 LH GL BAEA-99-A-038  Caribou Lake ND ND ND ND 1 1 ND 2.485 ND 0.85
DE-23 LM GL BAEA-99-B-009  Escanaba R./Gladstone ND ND ND ND ND 1 ND ND ND 0.87
DE-23 M GL BAEA-99-B-010  Escanaba R./Gladstone ND ND ND ND 1 1 ND ND ND 0.67
ET-05 LM GL BAEA-99-C-017  Walloon Lake 1 ND ND ND ND 4.063 ND ND ND 0.85
ET-05 LM GL BAEA-99-C-018  Walloon Lake ND ND ND ND ND 7.106 ND ND ND 0.82
ET-05 LM GL BAEA-99-C-019  Walloon Lake ND ND ND ND 1 8.408 ND ND 1 0.73
GL-01 IN-LP IN BAEA-99-D-002  Molasses River Flooding ND ND ND ND ND 1 ND ND ND 0.78
GO-22 IN-UP IN BAEA-99-B-062  Pomeroy Lake ND ND ND ND ND ND ND ND ND 0.87
GO-22 IN-UP IN BAEA-99-B-063  Pomeroy Lake ND ‘ND ND ND ND ND ND ND ND 0.80
GO-26 IN-UP IN BAEA-99-B-029  Mill Lake ND ND ND ND ND ND ND ND ND 0.73
GO-26 IN-UP IN BAEA-99-B-030  Mill Lake ND ND ND ND ND ND ND ND ND 0.78
HO-02 LS GL BAEA-99-A-020  Rabbit Bay 1 ND ND ND 1 1 ND 5.108 ND 0.86
10-02 IN-LP IN BAEA-99-C-008  Cooke Dam ND ND ND ND ND ND ND ND ND 0.84
10-02 IN-LP IN BAEA-99-C-009  Cooke Dam ND ND ND ND ND 1 ND ND ND 1.04
10-02 IN-LP IN BAEA-99-C-010  Cooke Dam ND ND ND ND ND ND ND ND ND 0.93
IR-22 IN-UP IN BAEA-99-B-019  Michigamme R./Camp 6 Creek ND ND ND ND ND ND ND ND ND 0.81
IR-23 IN-UP IN BAEA-99-B-014° Way Dam ND ND ND ND ND ND ND ND ND 0.93
IR-23 IN-UP IN BAEA-99-B-015  Way Dam ND ND ND ND ND ND ND ND ND 1.02
IR-32 IN-UP IN BAEA-99-B-052  Chipmunk Falls ND ND ND ND ND ND ND ND ND 0.85
KA-04 IN-LP IN BAEA-99-A-012  Blue Lakes ND ND ND ND ND 'ND ND ND ND 0.95
LL-06 LM GL . BAEA-99-A-011 _ South Manitou Island ND ND ND ND ND 2.560 ND 3.540 ND 0.77




Table 15. Continued

Breedin . Percent

Territory Area ¢ Ezir;;?g Blﬁgnslg:;ple Breeding Area Name H(;)::lczlzl:;o- aHCH g-HCH  Heptachlor Hgg;a;lél:r Chl:r- dane  Chl fr-dane Dieldrin ~ Toxaphene  Lipid
Location (wiv)

LU-05 IN-UP IN BAEA-99-A-035  Fort Lake Creek ND ND ND ND ND ND ND ND ND 1.06
MC-05 IN-UP IN BAEA-99-B-011  Black Creek Flooding ND ND ND ND ND ND ND ND ND 0.93
MC-05 IN-UP IN BAEA-99-B-012  Black Creek Flooding ND ND ND ND ND ND ND ND ND 0.69
MC-07 IN-UP IN BAEA-99-D-015  East Lake (EL) ND ND ND ND ND ND ND ND ND 0.73
MC-18 LM GL BAEA-99-A-018  Millecoquins Lake ND ND ND ND ND 3.140 ND 3.180 ND 0.81
MC-19 LH GL BAEA-99-A-036  Marquette Island ND ND ND ND 1 1 ND 1 ND 0.79
MD-01 LH AN BAEA-99-D-007  Sandford ND ND ND ND ND ND ND ND ND 0.81
MK-02 IN-LP IN BAEA-99-C-004  Moddersville ND ND ND ND ND ND ND ND ND 0.75
MM-15 IN-UP IN BAEA-99-B-026 10 Mile Creek/ Whitney ND ND ND ND 1 7.560 ND 4.446 ND 0.94
MN-02 LM AN BAEA-99-A-006  Horseshoe Bend ND ND ND ND ND 3.365 ND 2.675 - ND 0.98
MN-05 LM GL - BAEA-99-A-009  Manistee River SGA ND ND ND ND ND 2.060 ND ND ND 0.74
MN-06 IN-LP IN BAEA-99-A-003  Wellston ND ND ND ND ND ND ND ND ND 0.87
MN-07 IN-LP IN BAEA-99-A-002  Red Bridge North ND ND ND ND ND ND ND ND ND 1.14
MN-08 IN-UP IN BAEA-99-A-007  Pine/Timmerman Lake ND ND ND ND ND ND ND ND ND 0.88
MO-03 LE GL BAEA-99-E-005  Raisin River/Monroe ND ND ND ND 1 4.108 ND 1 1 0.78
MQ-07 IN-UP IN BAEA-99-B-049  Squaw/Chief Lake ND ND ND ND ND ND ND ND ND 0.93
QMQ-07 IN-UP IN BAEA-99-B-050  Squaw/Chief Lake ND ND ND ND ND ND ND ND ND 0.87
8 MQ-09 IN-UP IN BAEA-99-A-032  Deer Lake ND ND ND ND ND ND ND ND ND 0.72
MQ-09 IN-UP IN BAEA-99-A-033  Deer Lake ND ND ND ND ND ND ND ND ND 0.90
MQ-12 LS GL BAEA-99-A-023  Huron Islands East 1 ND ND ND 5.507 3.160 ND 15.841 1 1.20
MQ-22 LS GL BAEA-99-A-025  Harvey ND ND ND ND 1 1 ND 5.820 ND 0.79
MQ-22 LS GL BAEA-99-A-026 - Harvey ND ND ND ND ND 1 ND 8.841 ND 1.19
MQ-24 IN-UP IN BAEA-99-A-030  Escanaba River ND ND ND ND ND ND ND 1 ND 0.71
MQ-25 IN-UP IN BAEA-99-B-024  Ford R-Margarets Rapids ND ND ND ND ND ND ND ND ND 0.87
MU-02 LM AN BAEA-99-A-001  Muskegon River SGA ND ND ND ND ND 1 ND ND ND 0.98
MY-05 IN-LP IN BAEA-99-C-016  Black River Ranch ND ND ND ND ND ND ND ND ND 0.89
MY-10 IN-LP IN BAEA-99-C-015  Tomahawk Creek Flooding ND ND ND ND ND ND ND ND ND 0.86
MY-11 IN-LP IN BAEA-99-C-020  Bone Head Club ND ND ND ND ND ND ND ND ND 0.76
NE-01 LM AN BAEA-99-A-008  Anderson Bayou ND ND ND ND ND 1 ND ND ND 1.08
0G-01 IN-LP IN BAEA-99-C-001 Rifle River ND ND ND ND ND ND ND ND ND 0.86
0G-01 IN-LP IN BAEA-99-C-002  Rifle River ND ND ND ND ND ND ND ND ND 0.77
0G-04 IN-LP IN BAEA-99-C-005  Lake Agestina 1 ND ND ND ND ND ND ND ND 0.92
ON-01 IN-UP IN BAEA-99-B-028  Bergland Bay ND ND ND ND ND ND ND ND ND 0.86
ON-09 LS AN BAEA-99-B-032  Victoria Dam ND ND ND ND ND ND ND ND ND 0.83
ON-09 LS AN BAEA-99-B-033  Victoria Dam ND ND ND ND ND ND ND ND ND 1.10
ON-20 LS GL BAEA-99-B-072  Carp R/Land Lookers Ck ND ND ND ND ND ND ND 6.498 ND 0.86
0S-01 IN-LP IN BAEA-99-D-009  Reed Ranch ’ ND ND ND ND ND ND ND ND ND 1.13
0S-06 _IN-LP IN BAEA-99-D-010  Shamrock Lake ND ND ND ND ND ND ND ND ND 0.96
0S-06 IN-LP IN BAEA-99-D-011  Shamrock Lake ND ND ND ND ND ND ND ND ND 0.93




Table 15. Continued

. Breeding Territory Blood Sample . Hexachloro- Heptachlor a- g- Lo Pefc‘?“‘
Territory Are? Location Number Breeding Area Name benzene a-HCH g-HCH  Heptachlor Epoxide Chlordane  Chlordane Dieldrin ~ Toxaphene Lipid
Location p (w/v)
OT-04 IN-LP IN BAEA-99-C-013  Fontinalis Club ND ND ND ND ND ND ND ND ND 1.06
OT-04 IN-LP IN BAEA-99-C-014  Fontinalis Club ND ND ND ND ND ND ND ND ND 0.92
OT-06 IN-LP IN BAEA-99-D-014  Bradford Lake (Waters) ND ND ND ND ND ND ND ND ND 0.87
0T-07 IN-LP IN BAEA-99-C-011  O’Rourke Lake ND ND ND ND ND ND ND ND ND 1.09
OT-07 IN-LP IN BAEA-99-C-012  O’Rourke Lake ND ND ND ND ND ND ND ND ND 0.93
P1-03 LH GL BAEA-99-D-013  False Presque Isle ND ND ND ND 1 2.571 ND 1 ND 1.11
RO-01 IN-LP IN BAEA-99-C-006  East St Helens ND ND ND ND ND ND ND ND ND 0.82
RO-03 IN-LP IN BAEA-99-D-004  Dead Stream ND ND ND ND ND ND ND ND ND 0.93
RO-03 IN-LP IN BAEA-99-D-005  Dead Stream ND ND ND ND ND 1 ND ND ND 0.34
RO-09 IN-LP IN BAEA-99-C-007  Marl Lake ND ND ND ND ND ND ND ND ND 0.81
RO-11 IN-LP IN BAEA-99-D-008  West Twin Lake ND ND ND ND ND ND ND ND ND 0.92
RO-13 IN-LP IN BAEA-99-D-006  Prudenville ND ND ND ND ND ND ND ND ND 0.81
RO-14 IN-LP IN BAEA-99-C-003  Porter Ranch ND ND ND ND ND ND ND ND ND 0.87
SC-15 IN-UP IN BAEA-99-B-013  Mud Lake Creek ND ND ND ND ND ND ND ND ND 0.88
SC-19 LM GL BAEA-99-B-069  Deer Count Creek ND ND ND ND 1 4.333 ND 9 1 1.06
o SC-19 LM GL BAEA-99-B-070  Deer Count Creek 1 ND ND ND 1 4.898 ND 10.740 1 0.90
N SC-20 IN-UP IN BAEA-99-C-022 . Seney D1 Pool ND ND ND ND ND ND ND ND ND 0.77
SG-02 LH AN BAEA-99-E-001  Shiawassee NWR ND ND ND ND ND 1 ND 1 ND 0.58
WX-02 IN-LP IN BAEA-99-A-010  Lake Mitchell ND ND ND ND ND ND ND ND ND 0.67




APPENDIX |
CIET PROJECT ANALYTICAL REPORT FOR MERCURY

1.0 Introduction

One hundred and one (101) bald eagle feather samples were received under chain of
custody by January 10, 1999. Following inspection for sample integrity, the samples were
logged into custody and immediately stored in a secured drawer at room temperature. The
samples were digested in five extraction batches BE013, BE014, BE015, BE016, and BE017
according to SOP 401-67-01 “Extraction of Soil and/or Biological Tissue for Determination of
Mercury by Atomic Absorption Spectrophotometry”. Each batch contained a reagent blank, a
chicken feather matrix blank, a chicken feather matrix spike and a chicken feather matrix spike
duplicate. Batches were analyzed by the Varian AA20 atomic absorption spectrophotometer in
the vapor generation mode following SOP 404-22-01 to determine total mercury concentrations.

2.0 Analytical Results

Results for the mercury analyses are presented in the enclosed data package. The
extraction and analyses were conducted in accordance with standard operating procedures
used at CIET. Analytical results for the mercury concentrations are expressed in micrograms
per gram (:g/g) or parts per million on a wet weight basis. ‘

3.0 QA/QC Qualifiers

A sixth extraction batch, BE018, was extracted in order to reanalyze seven feather
samples from the previous five extraction batches that were close to or at the limit of the high
standard of the standard curve. These samples were BAEA-99-B-032, BAEA-99-D-003 through
D-007, and BAEA-99-D-010. Due to contamination with the spike blanks and feather blank in
batch BE018, the concentrations from the previous batches were used instead of the
concentrations obtained from batch BE018. We feel the first concentrations are acceptable and
are the concentrations presented in this report.

4.0 QA/QC Objectives and Variances

Method validation studies were conducted and evaluated to ensure that the data quality
objectives for the Quality Assurance Plan were met using chicken feathers. The acceptance
criterion of 70-130% average recovery for matrix spikes was used for this project. Chicken
feathers were used as laboratory control samples for all batches. A chicken feather matrix
blank, matrix spike and matrix spike duplicate were run with all batches.
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All QA/QC objectives for the analyses were met as specified in the Quality Assurance
Project Plan for “Bald Eagle Biosentinel Monitoring of Inland Watersheds Connecting Channels
and Great Lakes Shorelines for Trends and Effects of Bioaccumulative Chemicals of Concern.”

The average recoveries for mercury spiked into the chicken feather matrix spike and
chicken feather matrix spike duplicate were between 70 and 130% for all batches.

Correlation coefficients (r?) for calibration curves consisting of 5 concentrations of
standards were at least >0.99 for all target analytes in all batches. The average detector
response for the calibration checks for the instruments were within 20% of the initial calibration
for all batches.

All of the data in this analytical report have been reviewed by the Clemson Institute of
Environmental Toxicology Quality Assurance Leader and by the Project Leader for quality
assurance. This analytical report is in compliance with the quality control requirements and for
completeness for this project. Release of the data contained in this hardcopy analytical report
has been authorized by CIET as verified by the following signatures.

Reviewed and approved: Original signed by James Osbey
James Osbey
CIET Quality Assurance Leader

Original signed by Jennifer Wing
Jennifer M. Wing
Project Leader
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APPENDIX Il
CIET PROJECT 9903 ANALYTICAL REPORT FOR PESTICIDES AND PCBS

1.0 Introduction

One hundred and six (106) bald eagle plasma samples were received under chain of
custody on December 15, 1999. Following inspection for sample integrity, the samples were
logged into custody and immediately stored in a secured freezer maintained at -20°C. The
samples were extracted in six extraction batches PL001, PL0O02, PLOOS, PL004, PLO05 and
PL006 according to CIET/SOP 401-78-01 “Extraction and Cleanup of Avian Plasma for
Organochlorine Pesticides and Polychlorinated Biphenyls (PCBs)’. Each batch contained a
reagent blank, a chicken matrix blank, a chicken plasma matrix spike and a chicken plasma
matrix spike duplicate. Batches were analyzed by capillary gas chromatography with electron-
capture detection following CIET/SOP 401-60-xx and CIET/SOP 401-74-xx to determine
organochlorine pesticide and PCB concentrations.

2.0 Analvtical Results

Results for the organochlorine and PCB analyses are presented in the enclosed data
package. The extraction and analyses were conducted in accordance with standard operating
procedures used at CIET. Analytical results for the individual analyte concentrations for the
compounds are expressed in nanograms per gram (ng/g) or parts per billion on a wet weight
basis. All reported results were identified and confirmed by dual column analysis.

3.0 QA/QC Qualifiers

The summary table supplied with this report contains columns labeled “BMLQ", “ND” and
“NA”. The data qualifier “BMLQ” (Below Minimum Level of Quantitation) indicates that the
analyte was detected below the instrument minimum quantitation limit of 2 ng/g basedona 1 g
sample weight for the individual analytes and 125 ng/g for toxaphene. The qualifier “ND” (not
detected) indicates that the analyte was not detected. The data qualifier “NA” (not applicable)
indicates that the information was not applicable.

4.0 QA/QC Obijectives and Variances

Method validation studies were conducted and evaluated to ensure that the data quality
objectives for the Quality Assurance Plan were met using chicken plasma. The acceptance
criterion of 70-130% average recovery for matrix spikes was used for this project. Chicken
plasma was used as laboratory control samples for all batches. A chicken plasma matrix blank,
matrix spike and matrix spike duplicate were run with all batches.
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All QA/QC objectives for the analyses were met as spécified in the Quality Assurance
Project Plan for “Bald Eagle Biosentinel Monitoring of Inland Watersheds Connecting Channels
and Great Lakes Shorelines for Trends and Effects of Bioaccumulative Chemicals of Concern.”

All target analytes in the reagent blanks and chicken plasma matrix blanks were less
than 3 X MDL for all batches.

The average recoveries for analytes spiked into the chicken plasma matrix spike and
chicken plasma matrix spike duplicate were between 70 and 130% for all batches.

The average Relative Percent Difference (% RPDs) for the spiked analytes in the
chicken plasma matrix spike and chicken plasma matrix spike duplicates were less than 30% for

all batches.

Correlation coefficients (r2) for calibration curves consisting of 5 concentrations of
standards were at least >0.99 for all target analytes in all batches. The average detector
response for the calibration checks for the instruments were within 20% of the initial calibration

for all batches.

All of the data in this analytical report have been reviewed by the Clemson Institute of
Environmental Toxicology Quality Assurance Leader and by the Project Leader for quality
assurance. This analytical report is in compliance with the quality control requirements and for
completeness for this project. Release of the data contained in this hardcopy analytical report
has been authorized by CIET as verified by the following signatures.

Reviewed and approved: Original signed by James Osbey
James Osbey
CIET Quality Assurance Leader

Original signed by Jennifer Wing
Jennifer M. Wing
Project Leader
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APPENDIX |1l
CIET PROJECT 9903 ANALYTICAL REPORT FOR LIPID ANALYSIS

1.0 Introduction

One hundred and six (106) bald eagle plasma samples were received under chain of
custody on December 15, 1999. Following inspection for sample integrity, the samples were
logged into custody and immediately stored in a secured freezer maintained at -20°C. The
samples were analyzed in two batches LIP-1 and LIP-2 according to CIET/SOP 401-79-01
“Determination of Total Serum Lipids by Spectrophotometry”. Each batch contained a reagent
blank, a lipid serum control sample and a duplicate lipid serum control sample. The samples
were analyzed at 540 nm to determine lipid concentrations.

2.0 Analvtical Results

Results for the lipid analyses are presented in the enclosed data package. The
extraction and analyses were conducted in accordance with standard operating procedures
used at CIET. Analytical results for the lipid concentrations for the compounds are expressed in
% lipid (weight per volume basis).

3.0 QA/QC Obijectives and Variances

Method validation studies were conducted and evaluated using chicken plasma and the
lipid control sample. The acceptance criterion of 70-130% average recovery for the control
samples was used for this project. Two lipid serum control samples and a reagent blank were
run with all batches.

Lipid measurements in the reagent blanks were less than the minimum quantitation level
of 0.05% for all batches.

The average recoveries for lipids in the lipid serum control sample and control sample
duplicate were between 70 and 130% for all batches.

The Relative Percent Difference (% RPDs) for the lipids in the lipid control sample and
the lipid control duplicates were less than 30% for both batches. ’

Correlation coefficients (r?) for calibration curves consisting of 4 concentrations .of
standards were at least >0.98 for all target analytes in all batches.

All of the data in this analytical report have been reviewed by the Clemson Institute of

Environmental Toxicology Quality Assurance Leader and by the Project Leader for quality
assurance. This analytical report is in compliance with the quality control requirements and for
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completeness for this project. Release of the data contained in this hardcopy analytical report
has been authorized by CIET as verified by the following signatures.

Reviewed and approved:

Original signed by James Osbey

James Osbey
CIET Quality Assurance Leader

Original signed by Jennifer Wihq
Jennifer M. Wing
Project Leader
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