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ABSTRACT
A study of bald eagle ecology was conducted at the James 

River bald eagle summer non-breeding concentration area in 
eastern Virginia. Site-specific shoreline use, population 
dynamics, age structure, shoreline habitat influences on eagle 
distribution, and influence of certain environmental factors 
on daily abundance of eagles on the shoreline were examined 
by means of intensive field observation including shoreline 
surveys and habitat characterization.

The James River concentration area appeared to harbor at 
least 100 eagles, and probably substantially more, at any one 
time during the peak use season of June through August. Wide 
fluctuations in age structure indicated a large transient 
population may characterize the concentration area.

Buildings, boat landings, and roads had negative 
influences on eagle distribution along the shoreline. Eagle 
distribution was positively influenced by proximity to 
communal roost sites and habitat factors which demonstrated 
the abundance of woodland and of suitable perches. Time of 
day was found to be the most important (and only statistically 
significant) environmental variable influencing eagle use of 
the shoreline in this study. Eagle abundance was highest in 
early morning and steadily tapered off throughout the day.

Protection, management, and monitoring recommendations 
were made based on a site-specific analysis of utilization of 
the area's shoreline by eagles. Eagle protection areas which 
include critical shoreline habitat and appropriate buffer 
zones are suggested. Management should include the 
appropriate use of seasonally restricted areas, the 
encouragement of dense shielding vegetation, and enhancement 
of perching habitat. Further research is needed on the 
requirements for inland habitat for roosting and loafing in 
the concentration area, the effects of human disturbance, 
preybase, population dynamics, and toxicology.



SHORELINE HABITAT SELECTION BY BALD EAGLES 
(Haliaeetus leucocephalus) IN A NON-BREEDING 
EAGLE CONCENTRATION AREA ON THE JAMES RIVER,

VIRGINIA



INTRODUCTION
The bald eagle, Haliaeetus leucocephalus. is endemic to 

North America. Bald eagle populations are almost always 
associated with bodies of water (Bent 1937) since their 
primary food source is both living and moribund fish (Retfalvi 
1965, Otelt 1976, Herrick 1933, Mersmann 1989). In Virginia, 
H. leucocephalus occurs primarily along the Chesapeake Bay and 
its estuaries (Abbott 1967, Cline 1982). Virginia currently 
harbors 111 resident nesting pairs of eagles and a substantial 
transient non-breeding population (Byrd et al. 1991).

The species was nearly extirpated by the raptor 
insecticide syndrome (Mulhern et al. 1970, USFWS 1989, Grier 
1974, Wiemeyer, et al. 1984). Since the ban on the sale and 
use of organochlorine insecticides such as DDT and Dieldrin 
in the U. S., H_;_ leucocephalus populations have made a steady 
recovery in Virginia (Byrd et al. 1991). However, large 
quantities of kepone, another organochlorine insecticide, were 
discharged from Hopewell (only eight kilometers upstream of 
the study area) in the early 1970's (Bell et al. 1978). 
Although kepone has been shown experimentally to cause 
reproductive failure in birds (Eroshenko and Place 1977) and 
has been reported in eagle eggs and tissue samples collected 
from the Chesapeake Bay area (Stafford et al. 1978) , the 
effects of kepone on Chesapeake Bay eagles are not well 
documented at this time. Despite the organochlorine ban, 
organophosphate and carbamate insecticides continue to
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3
jeopardize bald eagles (Stinson and Bromley 1991).

Other factors are now threatening the viability of the 
Chesapeake Bay leucocephalus populations, most notably
disturbance from human activity (Buehler et al. 1991, Mathisen 
1968) and the loss of suitable habitat through conversion of 
land to other uses (Hansen 1980, Jaffee 1980, Shapiro et al. 
1982) . These factors represent the greatest threats to eagles 
in Virginia today (Byrd 1991).

H. leucocephalus is ranked as G3, globally rare to 
uncommon, and S1S2, extremely rare to very rare in the state, 
by the Virginia Department of Conservation and Recreation (BCD 
1991). Virginia's eagle population is currently designated 
with the legal status of "endangered" by the United States 
Fish and Wildlife Service at the federal level (Public Law, 
section 93-105, Byrd and Johnston 1991) and by the Virginia 
Department of Game and Inland Fisheries at the state level 
(Code of Virginia, section 3.1-1020, Byrd and Johnston 1991). 
Due to the dramatic increases in population sizes since the 
mid-1970's, the species has been under review since 1990 for 
downlisting to the federal legal status of "threatened." 
Because of its rarity, legal status, vulnerability, and high 
public profile, the species is a high priority for 
conservation in the Commonwealth.

When not in a reproductive mode of behavior, bald eagles 
often congregate around abundant food sources (Newton 1979). 
These eagle concentration areas are composed almost
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exclusively of non-breeding individuals and should not be 
confused with semi-colonial breeding areas. Only foraging, 
loafing, and roosting activities usually occur in eagle 
concentration areas. Nest sites may infrequently occur within 
or near- concentration areas, however, as is the case in 
Virginia (BCD 1991).

Most eagle concentration areas are seasonal with winter 
concentration areas the most common and most studied. 
Appendix 1, Table 12, shows a comprehensive list of studies 
of winter eagle concentration areas. Summer non-breeding 
concentration areas are less common or at least less 
documented. Studies on summer eagle concentration areas are 
also presented in Appendix 1, Table 13. Comparison of the two 
lists clearly indicates that further study is needed on summer 
eagle concentration areas to fill the comparative gap in 
information. This study focuses on such an area.

One summer non-breeding eagle concentration area is 
located on the James River, an estuary of the Chesapeake Bay, 
in eastern Virginia. The James River concentration area is 
regarded as the largest on the East Coast (USFWS 1989). Five 
active nest sites are also located in the vicinity (BCD 1991).

Eagles probably concentrate on this section of the James 
due to a combination of two factors: abundant food source and 
abundant suitable habitat. This project is designed to answer 
questions about the habitat aspects of the concentration area, 
particularly the shoreline habitat utilized for foraging. The
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project tests a null hypothesis that eagle distribution and 
abundance along the shoreline of the concentration area is 
uniform and unaffected by variations in habitat 
characteristics.

This project has four principle objectives. First, a 
site-specific analysis of eagle utilization of shoreline 
habitat is made. Second, the concentration area's eagle 
population size and age structure are monitored. Third, the 
study quantitatively analyzes habitat and eagle data in an 
attempt to identify shoreline habitat factors which are most 
influential on eagle abundance and distribution. Finally, 
attempts are made to identify environmental factors which have 
significant influence over eagle distribution and abundance 
in the concentration area.

STUDY AREA
The general study area, shown in Figure 1, is located on 

the James River in Virginia. Included are approximately 
fourteen kilometers of the James and its shore between 
Coggin's Point and Weyanoke Point. Charles City County lies 
north of the river while Prince George County is to the south. 
The center of the study area is about seventeen kilometers 
east of the City of Hopewell (USGS 1974, USGS 1987).

The study area lies in the Coastal Plain physiographic 
province of Virginia. The Coastal Plain's geology is 
characterized by bedrock buried under deep layers of
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unconsolidated sediments that eroded from the mountainous 
regions to the west. Most of the sediments were deposited 
when the Coastal Plain was below sea level and were reworked 
as sea levels fluctuated with a changing climate (Woodward and 
Hoffman- 1991) . Soil in the study area is dominated by 
Peawick-Emporia-Wickham soil type, a deep, moderately well- 
drained soil with a clayey or loamy substrate (USSCS 1985).- 
Topography of the study area is mostly gently rolling upland 
with a maximum elevation of 24 meters above mean sea level 
(USGS 1974, USGS 1987).

The climate of the study area is classified as humid 
subtropical. The growing season averages about 200 days, the 
mean annual temperature is 15.6 degrees Centigrade, and the 
annual precipitation averages about 110 centimeters (Woodward 
and Hoffman 1991) .

The James River headwaters are in the Allegheny Mountains 
of western Virginia and West Virginia. The James drains 
eastward across the state into the Chesapeake Bay. The river 
is tidal in the study area with a mean tidal range of 0.72 
meters. Width of the river in the study area ranges from 4 00 
meters to nearly 3 000 meters with an average width of about 
1500 meters. Depth of the river in the study area varies 
within similar extremes, ranging from mudflats that are barely 
submerged at high water to 30 meters in depth (USGS 1987, USGS 
1974) .

In the study area, the James is bordered mostly by
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swampy, wooded, or agricultural shoreline with some riverfront 
residential and recreational development beginning to emerge. 
The shoreline property here is held mostly in a few large 
tracts: plantations which date back to the colonial era,
timber company holdings, and a recently established national 
wildlife refuge. Several properties within the study area are 
under pressure for increased recreational and residential 
development (Zaneski 1989).

Local watermen utilize the area for commercial harvest 
of Chesapeake Bay seafood; fish impoundments and crabpots are 
a common sight in the study area. This section of the river 
is also subject to moderate commercial shipping traffic in the 
form of barges and freighters moving to and from Richmond and 
Hampton Roads. The river sees heavy recreational boat 
traffic, especially on weekends during the warmer months.

In addition to eagles, the study area also harbors two 
stations of a plant species federally listed as "threatened," 
the sensitive joint vetch (Aeschvnomone virglnica). A colony 
of double crested cormorants (Phalacrocorax auritus), very 
rare as nesting birds in Virginia, nest just upstream of the 
study area. A population of a rare variety of the prairie 
senna (Cassia fasciculata var. macrosperma) grows in one of 
the small freshwater tidal marshes of the study area (BCD 
1991).

METHODS
This project’s methodology is based on a summer of
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preliminary field work and on similar previously conducted 
studies, most notably the work of Wallin and Byrd (1984) which 
examined shoreline habitat utilization in a similar summer 
eagle concentration area on the Potomac River shores of 
Virginia and Maryland. Chester et al. (1990) and Steenhof 
(1980) were also drawn upon as guides for this project due to 
their similarity of topic. Methodologies were kept as close 
as possible to that of Wallin and Byrd (1984) to facilitate 
comparison of results.

Preliminary investigations were conducted during June and 
July of 1989 to determine such basic information as general 
eagle population dynamics, foraging behavior, location of 
major communal roost sites, and the practical limitations on 
various techniques of studying eagles in the area. An 
extensive search of existing literature on the topic was also 
executed during this time. Information from the preliminary 
study and literature search was used to help focus the 
questions and objectives of this project.

Based on methodologies indicated by previous studies and 
on the preliminary field investigations, a shoreline sampling 
area was established covering 36 kilometers of shoreline. The 
shore in the sampling area was divided into seventy-two 
sampling plots, each measuring 500 meters along the shore and 
extending 200 meters inland. Figure 2 illustrates the 
shoreline sampling plots.

Where possible, high visibility reference markers were
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posted on the shore demarcating the location of the sampling 
plots. See Figure 3 for the design of the reference markers. 
Reference marker positions were located in real space by the 
azimuthal piloting survey technique. In some instances, 
reference markers could not be posted due to lack of landowner 
permission or inaccessibility to the shore. Where reference 
markers could not be posted, some distinctive landmark which 
corresponded with the appropriate position was noted and used 
as a reference point. The entire process of determining 
ownership, soliciting landowner permission, constructing 
reference markers, locating the reference points, and posting 
the markers was much more labor intensive than was anticipated 
and resulted in some delay of the project.

Due to practical limitations, a separate control area was 
not utilized in this project. Instead, the sampling area was 
made long enough so that ample sampling plots were present 
containing eagle numbers ranging from very high to very low.

Data collection, conducted from May through August of 
1990, consisted of gathering habitat information, eagle data, 
and property ownership information.

Twenty-one habitat variables were measured for each 
sampling plot. Table 1 lists and defines these habitat 
variables. The habitat variables were selected on the basis 
of information provided by previous literature and preliminary 
study. A combination of USGS topographic maps, nautical 
charts, color infrared aerial photographs, and actual field
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observation was used to measure the habitat variables. Data 
collected from maps, charts, and photos were field checked 
whenever feasible.

To collect eagle data, shoreline surveys were conducted 
by cruising in a 16 foot motorboat at a slow constant speed 
approximately one-hundred meters offshore. For navigability 
reasons, surveys were always run at high tide. The motorboat 
suffered from frequent mechanical difficulties and became 
inoperable several times during the data collection period. 
As a result, of the 50 surveys planned, only 23 were actually 
completed.

The number of mature, immature, and unknown age class 
eagles was recorded for each sampling plot during each survey. 
Eagles were counted as mature only if they were observed to 
have a completely dark brown body with a completely white head 
and tail. Eagles in any other plumage were considered 
immature. Although a guide has been established to 
distinguish ages of subadult bald eagles based on immature 
plumage variations (Southern 1964), such attempts are not 
realistically accurate under the field conditions of this 
study nor are those determinations necessary to fulfill the 
objectives of the project. Infrequently, circumstances such 
as strong backlighting or fog would preclude an accurate 
determination of the age class of and observed eagle. In 
those cases, eagles were recorded as unknown age class and 
used only in analyses which pooled the age group data.
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FIGURE 2 (NEXT PAGE) 
SHORELINE SAMPLING PLOTS
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FIGURE 2 (CONTINUED NEXT PAGE)
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FIGURE 3 - DESIGN OF REFERENCE MARKERS
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In addition to their age class, eagles were recorded as 

either perched, flying, or soaring. An observed eagle was 
recorded as perched if, at the time of first sighting, the 
bird was perched or had obviously just taken flight. An eagle 
was considered to have obviously just taken flight only if it 
was flying out from perch trees with the laborious wingflaps 
associated with take-off and had not yet drawn its feet up 
into their flying positions. Eagles in steady flapping flight 
at relatively low altitude (30 meters or less) were recorded 
as flying in the sampling plot in which they were first 
sighted. Eagles flying at high altitude (greater than 3 0 
meters) flapping infrequently or not at all were recorded as 
soaring birds. Soaring eagles were not counted in any 
sampling plot and were not used in the eagle versus habitat 
analysis because they were deemed not to be utilizing the 
shoreline habitat. Soaring eagle data was used, however, in 
the analysis of the population size and age structure.

Considerable effort was made to track flying eagles so 
that they would not be counted more than once. To this end, 
at least two observers were always used on surveys. In those 
cases when an eagle flew ahead of the survey boat and was then 
lost, the next eagle sighted of the same age class was not 
recorded. Movement across the river during surveys was slight 
and was ignored on the assumption that such movement is 
approximately equal in both directions (this assumption was 
also made in Wallin and Byrd 1984).
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VARIABLE NAME 
buildings

boat landings

maximum elevation 

maximum bank height

water depth 
variables)

light duty road

medium duty road 

active disturbance

inactive
disturbance

TABLE 1 
HABITAT VARIABLES

VARIABLE DEFINITION
number of buildings currently subject to 
human use present in each sampling plot
number of piers, boat ramps, and sites 
where boats are regularly landed or 
anchored on the shore in each sampling 
plot
the maximum elevation in meters above sea 
level within each sampling plot
the maximum elevation in meters above sea 
level within 2 5 meters of the shore within 
each sampling plot
offshore water depth at mean low water (4 
along a line perpendicular to the midpoint 
of the sampling plot at 50, 100, 200, and 
400 meters offshore
length of light duty, gravel, and dirt 
roads in meters within each sampling plot 
(closed or currently unused roads not 
counted)
length of medium duty paved road in meters 
within each sampling plot (closed or 
currently unused roads not counted)
area in square meters within each sampling 
plot currently subject to active land use 
such as active crops, pasture, timber 
harvest, and campgrounds
area in square meters within each sampling 
plot currently subject to inactive land 
use such as transmission lines, abandoned 
crop fields and pastures, and abandoned 
road

maximum bank slope maximum slope of the riverbank within each
sampling plot measured in percent slope
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shoreline
prominence

dominant cover type

distance to roost

shore aspect

woodland width

woodland length

snags

shore

TABLE 1 (CONTINUED)
amount of open water to which each 
sampling plot is exposed measured in 
degrees of the angle formed from the 
shoreline midpoint of each plot to the 
plot's shoreline endpoints
the predominant basic cover type of each 
sampling plot recorded as open (fields, 
etc.)/ cypress, pine, hardwood, or mixed
distance in meters from each sampling plot 
midpoint to the midpoint of the nearest 
known communal roost site
aspect of the shore of each sampling plot 
measured in compass degrees of the bearing 
indicated by a line drawn perpendicular 
from the midpoint of the sampling plot 
towards the river and transformed using 
the formula X' = (COS X) + 1
maximum width of woodland in each sampling 
plot measured in meters inland from the 
shore
maximum length of woodland in each 
sampling plot measured in meters along the 
shoreline
number of standing dead trees over 5 
meters in height on the shore of each 
sampling plot
whether the sampling plot occurs on the 
north or south shore of the study area; 
south shore assigned a value of 1 and 
north shore assigned a value of 10
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In addition to the eagle data, the values of certain 

environmental variables were recorded on each survey. Table 
2 lists and defines these variables. Except for the boat, 
date, and day variables, these variables were measured at the 
beginning and again at the end of each survey. These two 
values were used to calculate a mean value for each 
environmental variable (except boat data) on each survey. The 
mean value was utilized in the analysis as a representative 
of the average conditions for that variable during the survey.

Statistical analysis of the data included basic 
descriptive statistics, stepwise regression analysis, and 
correlation analysis.

Descriptive statistics were used to analyze the 
population dynamics data, age structure data, and site- 
specific utilization data. Mean and maximum values were used 
to compare 1990 population data to data from previous years, 
as well as to analyze age structure. Mean and standard 
deviation were also used to analyze the site-specific 
shoreline utilization data. Each sampling plot was assigned 
an eagle utilization rank based on the plot's total eagle 
count and that value's position on the distribution curve of 
all the values for all the plots. That is, sampling plots 
with total eagle values falling between the mean value for all 
plots and one standard deviation above the mean were assigned 
the rank of moderate eagle use; plots with values from 
positive one to positive two standard deviations were assigned
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high use, and plots with values from positive two to positive 
three standard deviations were very high. At the other end 
of the scale, plots with total number of eagle values between 
the mean value and negative one standard deviation were 
assigned a utilization rank of low; plots with values from 
negative one to negative two standard deviations were labeled 
very low use.

Determination of the most appropriate statistical method 
to analyze the habitat and environmental data was a challenge. 
The original project design proposed that a multivariate 
technique be used in the data analysis. Conversations with 
David Wallin (1989, pers. comm.) indicated his dissatisfaction 
with the stepwise regression analysis used in Wallin and Byrd 
(1984). Multivariate ordination techniques looked especially 
promising, at first, as useful replacements for stepwise 
regression. Ordination such as Principle Components Analysis 
(PCA) and Detrended Correspondence Analysis (DCA) have come 
into increasing use in recent years in the analysis of 
biological data, especially in the fields of community ecology 
and biosystematics (Sokal and Rohlf 1969, Brown and Batzli 
1984) . Both PCA and DCA were considered for analysis of the 
data. Neither provided significant insight to the questions 
posed in the study. Ordination acts as a reduction technique, 
resolving variance from numerous variables to a significantly 
fewer number of variance axes which account for most of the 
variance in the data (Pielou 1984). The results provided by
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the ordination techniques did not directly address the 
questions of the study and would have required further 
analysis to be useful (Seal 1975, Andrew and Mosher 1982). 
The question of which habitat and environmental variables 
influence eagle distribution along the shore is not answered 
by the ordination methods which, instead, provides a technique 
for projecting a multidimensional cloud of habitat and 
environmental data into a space of fewer dimensions without 
a direct relation to eagle distribution and abundance data 
(Gauch 1982).

In addition to the reasons for not using PCA and DCA 
stated above, neither of those techniques resolved the data 
into a useful number of axes when applied to the data. That 
is, there were nearly as many axes explaining high levels of 
variance as there were variables. This was probably because 
of the very disparate nature of the variables* scales and 
values, for one of the assumptions of ordination techniques 
is that all variables are measured on similar scales and that 
at least some of the variables are correlated to each other 
(Pielou 1984). Neither transformation or standardization of 
the data proved helpful in this regard.

For those reasons, stepwise regression and Pearson 
correlation analysis were determined to be the most useful, 
albeit not ideal, statistical approaches to the data. 
Stepwise regression gives the added advantage of direct 
comparison to Wallin and Byrd (1984) who also used that
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VARIABLE NAME 
date

day

time

temperature 

humidity 

visibility 

water conditions

wind

boats

TABLE 2 
ENVIRONMENTAL VARIABLES
VARIABLE DEFINITION
date of survey recorded as the absolute 
day of the year (i.e., 1-3 65)
day of the week of the survey recorded as 
the absolute day of the week (i.e., 1-7 
starting with Monday)
time at start and end of each survey 
recorded in 24-hour time
temperature in degrees centigrade to the 
nearest 0.5 degree measured at the start 
and end of each survey
percent relative humidity measured at the 
start and end of each survey by a sling 
psychrometer
visibility/sky conditions measured at the 
start and end of each survey: clear,
partly cloudy, overcast, hazy, or foggy
water surface conditions in the middle of 
the river measured at the start and end 
of each survey as flat, ripples only, wave 
height less than 3 0 centimeters, wave 
height between 3 0 and 60 centimeters, or 
wave height more than 60 centimeters
wind speed in kilometers/hour estimated 
according to the Donn wind scale measured 
at the start and end of each survey (Donn 
1972)
direction of movement, location, and 
size of each boat sighted in the study 
area during each survey; sizes classified 
as small (less than 5 meters long), medium 
(5-10 meters long), and large (more than 
10 meters long)
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technique.

Stepwise regression was used to analyze eagle 
distribution data in relation to the habitat and environmental 
variables by treating the information in three data sets. 
First, the total number of eagles sighted on all surveys in 
each sampling plot was used as a dependent variable while the 
habitat characterization values for each sampling plot were 
used as independent variables. In this data set the sample 
size equals the number of sampling plots (72). This 
methodology is identical to that utilized by Wallin and Byrd 
(1984). Second, the number of perched eagles sighted in each 
sampling plot was used as a dependent variable while the 
habitat data remained as the independent variables. In this 
case the sample size is also 72. Third, the total number of 
eagles sighted during each survey was used as a dependent 
variable while the environmental values for each survey were 
used as independent variables. In this data set, sample size 
is equal to the number of surveys (23).

Univariate correlation analysis was also run on the 
eagle/habitat, perched/habitat, and eagle/environmental data 
sets to facilitate comparison of univariate and multivariate 
results.

Correlation and stepwise regression analyses were 
executed on IBM-PC compatible hardware using SYSTAT software 
while descriptive statistics were executed by hand.

Property tracts and ownership within the study area were
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established using county property tax records. The property 
tract and ownership information is used to help establish 
conservation planning recommendations below.

RESULTS
Observations from the preliminary field work and 

continuing into the data collection period confirmed that H. 
leucoceohalus was indeed foraging from the shoreline in the 
concentration area. Eagles were often seen flying out from 
a perch on the shore, picking up a fish from on or near the 
water’s surface, and returning to a perch on the shore where 
the fish was consumed. It was deemed important to establish 
this fact in order for the study to be valid.

Summaries of eagle data are presented in Tables 3 and 4. 
Table 3 shows numbers of eagles observed on each survey and 
Table 4 shows the total number of eagles observed in each 
sampling plot. Twenty-three surveys were conducted resulting 
in a total of 825 kilometers of shoreline sampled and 1587 
eagle sightings. Each of the 72 sampling plots was measured 
for the 21 habitat variables resulting in 1512 habitat values. 
The measurement of the 21 environmental variables on each of 
the 23 surveys provided 483 environmental values. This adds 
to a total of 3582 data values measured in this project. A 
total of 83 property tracts were found to fall within the 
study area. An estimated total of 13 0 hours (not including 
travel and set-up time) was required to collect this data.
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TABLE 3
NUMBERS OF EAGLES OBSERVED ON EACH SURVEY 

WITH MATURE:IMMATURE RATIOS
SUR­ TOTAL MATURE IMMATURE UNK
VEY
#

DATE EAGLES EAGLES EAGLES AGE

1 5/8 39 10 25 4
2 5/30 69 31 34 4
3 6/11 48 20 21 7
4 6/17 100 40 55 5
5 6/23 59 28 29 2
6 6/29 84 37 43 4
7 7/1 62 34 26 2
8 7/3 88 39 47 2
9 7/5 75 34 38 3
10 7/7 47 25 21 1
11 7/9 63 30 32 1
12 7/11 49 25 19 5
13 7/15 93 40 33 20
14 7/17 84 41 37 6
15 7/19 75 32 43 0
16 7/21 50 23 26 1
17 7/23 68 34 31 3
18 7/27 54 22 29 3
19 8/1 50 20 21 2
20 8/6 76 32 39 5
21 8/8 68 22 35 11
22 8/13 95 38 52 5
23 8/14 90 36 48 6

M: I 
RATIO

0.4:1.0 
0.9:1.0 
1.0:1.0 
0.7:1.0 
l.Orl.O 
0.9:1.0 
1.3:1.0 
0.8:1.0 
0.9:1.0 
1.2:1.0 
0.9:1.0 
1.3:1.0 
1.2:1.0 
1.1:1.0 
0.7.-1.0 
0.9.-1.0 
1.1.-1.0 
0.8:1.0 
1.0-.1.0 
0.8-.1.0 
0.6:1.0 
0.7:1.0 
0.8:1.0
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TABLE 4
TOTAL NUMBER OF EAGLES OBSERVED IN EACH SAMPLING PLOT

WITH UTILIZATION RANKS
PLOT NUMBER UTIL. PLOT NUMBER UTIL
NUMBER EAGLES RANK NUMBER EAGLES RANK
1 2 VL 37 19 L
2 12 L 38 8 L
3 20 L 39 21 M
4 6 VL 40 12 L
5 17 L 41 13 L
6 55 VH 42 2 VL
7 52 VH 43 4 VL
8 31 M 44 16 L
9 33 M 45 2 VL
10 53 VH 46 29 M
11 19 L 47 40 H
12 11 L 48 56 VH
13 61 VH 49 34 M
14 42 H 50 21 M
15 27 M 51 26 M
16 4 VL 52 37 H
17 9 L 53 49 H
18 1 VL 54 7 L
19 19 L 55 3 VL
20 19 L 56 12 L
21 17 L 57 9 L
22 21 M 58 14 L
23 40 H 59 15 L
24 33 M 60 18 L
25 8 L 61 22 M
26 13 L 62 16 L
27 31 M 63 15 L
28 34 M 64 15 L
29 4 VL 65 11 L
30 15 L 66 12 L
31 17 L 67 37 H
32 30 M 68 34 M
33 17 L 69 25 M
34 11 L 70 11 L
35 28 M 71 9 L
36 21 M 72 11 L
KEY
VL = very low 
L = low 
M - moderate 
H = high 
VH = very high
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FIGURE 4 (NEXT PAGE)
EAGLE SHORELINE UTILIZATION 

KEY
VL = VERY LOW USE
L = LOW USE
M = MODERATE USE
H = HIGH USE
VH = VERY HIGH USE
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FIGURE 4 (CONTINUED NEXT PAGE)
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TABLE 5
RESULTS OF STEPWISE REGRESSION ANALYSIS 
BETWEEN TOTAL EAGLE AND HABITAT DATA

DEPENDENT VARIABLE: total number of eagles observed within
each sampling plot
SAMPLE SIZE = 72
MULTIPLE REGRESSION COEFFICIENT = 0.697 
SQUARED MULTIPLE REGRESSION COEFFICIENT = 0.485*
STANDARD ERROR OF ESTIMATE = 10.849 
NUMBER OF STEPS = 6

SIGNIFICANT (AT 0.05 LEVEL) INDEPENDENT VARIABLES
VARIABLE REG. COEF.
distance to roost -5.031
snags 1.400
woodland width 0.093
woodland length 0.034

STD. ERROR
1. 641 
0. 566 
0. 021 
0.013

PROBABILITY
0. 003 
0. 016 
0.000 
0. 012

SOURCE
ANALYSIS OF VARIANCE 

SUM OF SQUARES DF MEAN-SQUARE
regression 7580.347 
residual 7282.528

5
66

1082.907 
113.790

F-RATIO
9.517

P
0. 000

* proportion of variation of dependent variable explained by 
significant independent variables
** probability that regression coefficient = 0
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TABLE 6
RESULTS OF CORRELATION ANALYSIS BETWEEN 

TOTAL EAGLE AND HABITAT DATA
VARIABLE NAME CORRELATION CORR. COEF

COEFFICIENT SQUARED*
distance to roost **-0.407^ 0.166
woodland width °-394r 0.155
snags 0.352*

it
0.124

dominant cover type -0.346^ 0.120
woodland length 0.335* 0.112
boat landings -0.318* 0.101
inactive disturbance 0.306^ 0.0936
medium duty road -0.292* 0.0853
buildings -0.285* 0.0812
active disturbance -0.252
light duty road -0.160
shore aspect 0. 139
shore -0.136
maximum bank slope -0.131
depth @ 50m -0.096
depth @ 100m -0.070
depth @ 200m 0.054
maximum bank height 0.051
maximum elevation 0.037
depth @ 400m 0.021
shoreline prominence 0.010

# proportion of variation of total eagle numbers per plot 
explained by habitat variable; given only for significant 
correlations
* significant at 0.05 level
** significant at 0.01 level
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TABLE 7
RESULTS OF STEPWISE REGRESSION ANALYSIS 
BETWEEN PERCHED EAGLE AND HABITAT DATA

DEPENDENT VARIABLE: number of perched eagles observed within 
each sampling plot
SAMPLE SIZE = 72
MULTIPLE REGRESSION COEFFICIENT = 0.625 
SQUARED MULTIPLE REGRESSION COEFFICIENT = 0.391*
STANDARD ERROR OF ESTIMATE =7.806 
NUMBER OF STEPS = 5

SIGNIFICANT (AT 0.05 LEVEL) INDEPENDENT VARIABLES
VARIABLE REG. COEF. STD. ERROR PROBABILITY
distance to roost -3.362 1.176 0.006
snags 0.859 0.413 0.041
woodland width 0.047 0.015 0. 003
woodland length 0.028 0.008 0.001

ANALYSIS OF VARIANCE
SOURCE SUM OF SQUARES DF MEAN-SQUARE
regression 2584.675 
residual 4021.936

5
66

516.935
60.938

F-RATIO
8.483

P
0.000

* proportion of variation of dependent variable explained by 
significant independent variables
** probability that regression coefficient = 0
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TABLE 8
RESULTS OF CORRELATION ANALYSIS 

BETWEEN PERCHED EAGLE AND HABITAT DATA
VARIABLE NAME CORRELATION CORR. COEF.

COEFFICIENT SQUARED#
distance to roost -0.394** 0.155
woodland width 0.339* 0.115
snags 0.330* 0.109
woodland length 0.323* 0.104
boat landings -0.309* 0.0955
medium duty road -0.2 64
buildings -0.246
dominant cover type -0.245
inactive disturbance 0.238
active disturbance -0.230
shore -0.158
shore aspect 0.147
light duty road -0.124
depth @ 200m 0.121
shoreline prominence 0.090
maximum bank slope -0.087
depth @ 50m -0.031
maximum bank height 0.03 0
maximum elevation 0.022
depth @ 400m 0.004
depth @ 100m -0.002

# proportion of variation of perched eagle numbers per plot 
explained by habitat variable; given only for significant 
correlations
* significant at 0.05 level
** significant at 0.01 level
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TABLE 9
RESULTS OF STEPWISE REGRESSION ANALYSIS 
BETWEEN EAGLE AND ENVIRONMENTAL DATA

DEPENDENT VARIABLE: total number of eagles observed during 
each census
SAMPLE SIZE = 2 3
MULTIPLE REGRESSION COEFFICIENT = 0.735 
SQUARED MULTIPLE REGRESSION COEFFICIENT = 0.540*
STANDARD ERROR OF ESTIMATE = 12.639 
NUMBER OF STEPS = 2

SIGNIFICANT (AT 0.05 LEVEL) INDEPENDENT VARIABLES
VARIABLE
time
date

REG. COEF.
-3.664
0.216

STD. ERROR
0.833 
0.112

PROBABILITY
0.000 
0. 068

SOURCE
ANALYSIS OF VARIANCE 

SUM OF SQUARES DF MEAN-SQUARE
regression 3749.880 
residual 3195.076

2
20

1874.940
159.754

F-RATIO
11.736

P
0. 000

* proportion of variation of dependent variable explained by 
significant independent variables
** probability that regression coefficient = 0
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TABLE 10 
RESULTS OF CORRELATION ANALYSIS 

BETWEEN EAGLE AND ENVIRONMENTAL DATA
VARIABLE NAME CORRELATION

COEFFICIENT
time -0.674*
humidity 0.395
wind -0.390
date 0. 309
water conditions -0.294
large boats 0.243
small boats -0.236
medium boats -0.195
visibility 0.153
temperature -0.099
precipitation -0.025
day 0.020

CORR. COEF 
SQUARED*
0.454

# proportion of variation of total eagle numbers per plot 
explained by habitat variable; given only for significant 
correlations
* significant at 0.05 level



38
The peak count of eagles made on any one shoreline survey 

was 100 birds, observed on June 17. The lowest count was 39, 
sighted on May 8. The mean total of eagles sighted on each 
survey is 68.9 with a standard deviation of 17.8.

The ratio of mature to immature eagles ranged from 
0.4:1.0 to 1.4:1.0 with a mean ratio of all surveys of 0.9:1.0 
and a standard deviation of 0.2. The mature to immature ratio 
for each survey is shown on Table 3.

The total number of eagles observed in each sampling plot 
ranged from 1 to 56 with a mean of 21 eagles sighted in each 
plot and a standard deviation of 14.5. The utilization ranks 
for each plot are presented in Table 4 and graphically in 
Figure 4.
regression analysis and correlation analysis on the perched 
eagle versus habitat data are shown on Tables 7 and 8 
respectively. The results of the stepwise regression analysis 
and correlation analysis on the eagle versus environmental 
data are shown on Tables 9 and 10 respectively.

The results of the stepwise regression analysis and the 
correlation analysis on the total eagle versus habitat data 
are shown on Tables 5 and 6 respectively. The results of the 
stepwise

Property tracts and ownership are detailed in Appendix 
2, Table 14 and Figure 6.
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DISCUSSION

Population Dynamics and Age Structure
The highest eagle count of 100 sightings was obtained on 

the June 17 survey. Similarly high numbers of eagles (90+) 
were observed on some surveys all the way through tb the last 
survey in August. Comparing this to the highest number of 
eagles counted in the Potomac study, 55 on August 24, 1983, 
gives some indication of the similarities of the two summer 
concentration areas (Wallin and Byrd 1984). Wallin and Byrd 
report the peak months for the Potomac concentration area to 
be mid-June through August. That concurs with the results of 
this study as well. The lower maximum number of sightings in 
the Wallin and Byrd study may simply be a reflection of the 
fact that the Chesapeake Bay population has continued to 
recover dramatically from its crash since that study was 
conducted in 1983 and that the Potomac site now harbors eagles 
in comparable abundance to the James site. Alternatively, the 
James River concentration area may routinely harbor a larger 
number of eagles than the Potomac River concentration area 
regardless of general population increases in the Chesapeake 
Bay area. Communications with the superintendent of Caledon 
State Natural Area, located in the middle of the Potomac site, 
indicates that although numbers at the Potomac site have risen 
somewhat, they do not approach the numbers at the James site 
(John Zawatsky, pers. comm.). Several other eagle
concentration areas exist in the Chesapeake Bay region; all
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are smaller than the Potomac and the James sites (Byrd, pers. 
comm.). Thus, in terms of relative size, the James River site 
is the most significant eagle concentration area in the 
Chesapeake Bay system.

The highest count may be interpreted as an index to the 
maximum population size in the concentration area, but should 
only be regarded as a very conservative estimate of the true 
maximum number of eagles using the area. It is highly 
unlikely that the entire population would be utilizing 
shoreline habitat during any given survey. Many eagles could 
be loafing inland or foraging on some of the larger 
tributaries to the James in the vicinity. This assumption is 
supported by work from Wallin and Byrd (1984) in which some 
surveys were conducted on inland road routes in conjunction 
with the waterborne survey. A significant number of eagles 
were found to be perched or flying inland.

Additionally, some of those eagles actually using the 
shoreline at the time of the surveys may have been missed by 
the observers. This fact is especially true of immature birds 
because their mottled brown and white plumage is very cryptic 
against a similarly mottled woodland background. Wallin and 
Byrd (1984) also pointed out this fact in their work.

One is tempted to interpret the mean number of eagles 
seen from all the surveys as an indication of the average 
population size of the concentration area. This figure should 
be treated with even more guarded consideration than the
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maximum number, because, in addition to the factors mentioned 
above, the mean incorporates survey data gathered in less than 
ideal conditions. Surveys conducted in suboptimal conditions 
consistently resulted in fewer eagle sightings which will tend 
to make-the estimate of mean population size lower. As will 
be discussed below in the section on environmental data, many 
more eagles will be sighted early in the morning than at any 
other time of day. Surveys conducted during suboptimal time 
periods will skew the average population size estimate to a 
fraction of the actual mean population size.

The mean and maximum counts are quite useful, however, 
in a relative comparison of 1990's population trends with 
previous years' data for the James River concentration area. 
Personnel and cooperators of the Virginia Department of Game 
and Inland Fisheries, Nongame and Endangered Species Program, 
have conducted surveys of the James River concentration area 
for several years. Data on peak and mean counts of eagles for 
1985 through 1989 were provided by Dana Bradshaw (pers. 
comm.). Comparison of 1990 mean and maximum counts with 
similar data from previous summers is presented on Table 11. 
A steady increase in the population is obvious through the 
years except 1988. It is believed that the slight dip in the 
1988 numbers is due to normal population fluctuations or 
random variation. The general increase corresponds with the 
recovery of the species and indicates that the concentration 
area is becoming increasingly important to the bald eagles of
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the East.

Although usually close to 1:1, the mature to immature 
ratio varied considerably from survey to survey as seen in 
Table 3. The significantly variable age structure likely 
represents the transient nature of the population in the 
concentration area, implying a constant movement of eagles 
into and out of the area. That is, though population size is 
estimated conservatively at one hundred birds at any one time, 
the area may be utilized by hundreds of transient birds over 
the course of the season. This again is an indication of the 
ecological importance of the area.

Site-Specific Shoreline Use
The ranking system provided for site-specific shoreline 

use by eagles shown in Table 4 and Figure 4 is intended for 
use as a prioritization system. Since the ranking system is 
based on standard deviations, there are very few plots ranked 
as very high or very low by design. It is important to note 
that all the plots had at least some eagle use and that the 
ranking system is merely an indicator of the relative use of 
the shoreline plots. Although the ranking system is somewhat 
artificial for the circumstances, it does provide a 
scientifically based objective system for planning 
conservation priorities. For example, sampling plots 6, 7, 
10, 13, and 48 are ranked as very high use. Since the ranking 
system is based on standard deviations and the rank "very
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TABLE 11
COMPARISON OF 1990 DATA WITH PREVIOUS YEARS1 DATA

YEAR MEAN MAX
COUNT COUNT

1985 32.6 47
1986 51.3 70
1987 65.8 90
1988 57.3 71
1989 70.3 95
1990 68.9 100

Note: 1985-1989 data provided by Dana Bradshaw, Virginia Department of Game and Inland Fisheries
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high” indicates the third standard deviation above the mean, 
we know that these plots are subject to an amount of eagle use 
well above the 90th percentile of the rest of the plots in the 
study area. Thus, plots 6, 7, 10, 13, and 48 are absolutely 
critical priorities for protection to maintain the viability 
of the concentration area. The utilization ranks are used to 
establish conservation recommendations below.

Habitat Characteristics and Eagle Distribution
The results of the habitat data analysis were very 

revealing. The stepwise regression with total eagles (Table 
5) indicated that (in order of decreasing regression 
coefficients) distance to nearest known communal roost site, 
number of snags in plot, woodland width, and woodland length 
are the most important habitat characters varying with eagle 
numbers in each plot. The univariate correlation analysis 
(Table 6) found that (in order of decreasing correlation 
coefficients) distance to roosts, woodland width, number of 
snags, dominant cover type, woodland length, boat landings, 
inactive disturbance, medium duty road, and number of 
buildings as the habitat variables which vary most closely 
with varying eagle numbers.

The stepwise regression analysis on the perched eagle 
versus the habitat data indicated that the distance to roost, 
number of snags, woodland width, and woodland length variables
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varied significantly with eagle distribution along the shore; 
whereas the correlation analysis of the same data set 
indicated that the distance to roost, woodland width, snags, 
woodland length, and boat landings are the significant 
variables. These results are similar to that of the total 
eagle versus habitat analysis, but generally somewhat more 
conservative.

By applying basic ecological principles and the biology 
of bald eagles, one can easily infer from the project design 
that these results indicate habitat factors which strongly 
influence eagle distribution along the shore.

Perched eagle data was recorded with the belief that it 
would more accurately predict influencing factors than the 
total eagle data, since not all flying eagles may have been 
using the shoreline habitat. Problems became apparent during 
the surveys, however, that shed some doubt on the reliability 
of perched eagle data as the most accurate indicator of 
influential habitat factors. Although roughly 60% of all 
eagles sighted were perched when first observed, the ratio 
varied considerably from sampling plot to sampling plot. Only 
flying eagles were sighted in some plots, while nearly all 
sightings were of perched eagles in others. It became 
apparent on the surveys that different sampling plots had 
different sensitivities to flushing eagles. More perched 
eagles were routinely sighted in plots where the approach of 
the survey boat was obscured, while more flying eagles were
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sighted in plots where the approach was not hidden. It is 
well established that dense vegetation or other screening will 
allow closer approach or activity to eagles without flushing 
them (Fraser et al. 1985, Stalmaster and Newman 1978). It is 
believed that many of the eagles recorded as flying were 
actually perched on the shoreline until disturbed by the 
survey boat. Whether the bird ended up getting a perched or 
flying designation depended on whether or not the observer saw 
the eagle before it flushed. In fact, most eagles did flush 
as the survey boat neared and some eagles were not even 
sighted until they flushed, their movement making them 
conspicuous. For these reasons, perched eagle data may not 
be as reliable an indicator of habitat influence on eagle 
foraging as was hoped. Because of this questionable 
reliability, the remaining discussions apply only to total 
eagle versus habitat data.

The sets of influential habitat factors from each 
technique of statistical analysis are similar, but not 
identical. There is no doubt, however, that both analytical 
methods indicate that the two most important habitat factors 
are distance to nearest known communal roost site and 
variables which indicated the amount of woodland in the plots 
(woodland length, woodland width, number of snags). The 
question at this point is which analytical technique provides 
the greatest reliability for drawing conclusions about the 
remainder of the habitat variables.
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Stepwise regression has two major drawbacks when applied 

to these data. Technically, regression is not at all 
appropriate for analyzing this information, for the most basic 
assumptions of that statistical analysis are not met (Sokal 
and Rohlf 1969) . These data were not obtained in a controlled 
laboratory environment, but in a natural system. There is 
really no dependent variable in the data, although it was 
necessary to use eagle abundance by plot as one. Technically 
speaking, correlation is the appropriate mode of analysis for 
this system. This may be more of a philosophical issue than 
a mathematical one, however, since the operational steps of 
correlation and regression are nearly identical. Another 
problem with stepwise regression is that this technique may 
neglect or skip some variables in the analysis. This 
phenomenon is likely to occur if a variable being analyzed in 
a given step is a covariable with another variable not yet 
analyzed. That is, if two independent variables are 
correlated to each other, one of them may be ignored by 
stepwise regression (Seal 1975).

Correlation analysis is not without its faults in this 
circumstance, either. Repeated paired comparisons with 
correlation analysis at the 0.05 significance level increase 
the chances of a statistical error by five percent with each 
comparison (Sokal and Rohlf 1969). This means that of the 
nine habitat variables which correlated significantly with 
eagle abundance by plot, statistically, there is a 45%
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probability that one of those determinations of significance 
is in error.

Despite the problems with both, correlation analysis is 
the slightly more appropriate of the two for these data. The 
increased chance of statistical error can be rationalized with 
acceptance of the fact that this is a natural system with a 
myriad of influencing factors. With this plethora of 
influences, one must accept that those variables that 
correlate significantly at the 0.05 level in a natural system 
with all its interacting variables would correlate at least 
at that level in controlled conditions if such control were 
possible. Additionally, the results of the correlation 
analysis were slightly more revealing and useful than those 
of the stepwise regression.

Returning to the principle hypothesis of this study, the 
null hypothesis that eagle distribution along the shoreline 
is uniform and habitat factors do not influence eagle 
distribution and abundance along the shoreline of the 
concentration area, we can conclude based on the results that 
the null hypothesis should be rejected. Habitat factors do 
influence eagle distribution and abundance along the shore.

The single most important habitat factor influencing bald 
eagle distribution along the shore was the distance from the 
nearest known communal roost site; the two variables were 
strongly positively correlated. Eagles will generally fly 
from their roosting site to the nearest suitable foraging
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habitat. Not only does this conclusion make intuitive sense, 
but it is well supported in a study of eagle energetics and 
foraging behavior by Stalmaster and Gessman (1984) and a study 
of eagle time and energy budgets by Craig, et al. (1988). 
Eagles will simply spend the least amount of time and energy 
necessary to get to a suitable foraging site.

Woodland width and woodland length, both indicators of 
the amount of woodland in the plot, correlated positively with 
eagle abundance by plot. Greater woodland area represents a 
lack of development, the presence of a protective screening 
buffer from human activities, and the presence of perching 
habitat for eagles. The correlation of more woodland and more 
eagles reinforces intuitive sense and biological fact.

Number of snags in each plot also correlated positively 
with eagle numbers. In addition to being an indication of 
amount of woodland in the plot, snags are a preferred perch 
type (Stalmaster and Newman 1979, Chester et al. 1990).

Dominant cover type, also an indication of woodland, 
correlated negatively with eagle numbers. Insight into the 
reasons for this negative correlation lie in an examination 
of the treatment of the dominant cover type values. In order 
to analyze the dominant cover type values, the attributive 
(qualitative) values recorded in the field (listed in Table 
1) had to be converted into continuous, or at least meristic, 
values. Ranks were assigned on a scale of 1 to 10 to the 
cover types in order of subjectively judged decreasing
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attractiveness to IL_ leucoceohalus. Thus, the "open” category 
of dominant cover type was ranked as 10 due to its complete 
lack of eagle perches and the "cypress" category was ranked 
as 1 due to the tendency of mature bald cypress trees to 
provide- abundant accessible perch sites for eagles. 
"Hardwood" was ranked as 7, "mixed" as 5, and "pine" as 3. 
With this in mind, the reasons for a negative correlation can 
be better understood. A high value of "10" correlated 
negatively with eagle abundance because of the lack of 
woodland, especially woodland types subjectively judged as 
preferred for perching. The subjective and manipulated nature 
of this variable, however, causes one to assign its results 
less weight than the totally objective variables such as 
woodland length and width. Hindsight indicates that a more 
objective variable should have been chosen in place of 
dominant cover type, perhaps vegetation density or percent 
cover by tree limbs.

Number of buildings, number of boat landings, and amount 
of medium duty road all correlated negatively with eagle 
abundance by plot. These variables are indications of human 
activity and may also be an indication of a lack of woodland 
habitat. Given the known sensitivity of eagles to human 
disturbance (Knight and Knight 1987, McGarigal 1988), these 
come as no surprise.

Interestingly, eagle numbers were positively correlated 
with the inactive disturbance variable. This variable is
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meant to indicate certain types of land use occurring in the 
plot, such as transmission lines, abandoned fields and 
pastures, and timber areas not currently being harvested. 
Since this variable represents a lack of regular human 
disturbance and may indicate the presence of woodland, it 
follows from the results discussed above that inactive 
disturbance would correlate positively with eagle use.

Wallin and Byrd (1984) found that the four most important 
habitat factors influencing eagle distribution along the 
shores of the Potomac River summer concentration area were the 
occurrence of vegetation subjectively judged as suitable for 
use as fishing perches, the elevation of the land above the 
river level, the presence of boat landings, and the offshore 
water depth. If one interprets the occurrence of vegetation 
suitable for use as fishing perches as being similar to the 
woodland width, woodland length, number of snags, and dominant 
cover type variables of this study, the two projects agree 
entirely on the influence of wooded shoreline in leading to 
higher eagle use. The two studies also agree on the presence 
of boat landings leading to lower eagle use.

Wallin and Byrd (1984) did not study distances to 
communal roost sites, so a comparison of results on that 
factor is not possible. Additionally, this disparity may 
complicate the comparison of other factors in the two studies 
by affecting the statistical analyses; this potential problem 
is discussed further below.
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Wallin and Byrd (1984) found using stepwise regression 

that numbers of buildings did not significantly influence 
eagle use of the shore. This study found number of buildings 
not to be a significant influence using stepwise regression, 
but found the variable to be significant with correlation 
analysis. The discrepancies could be a result of using 
repeated correlation tests as discussed previously. 
Alternatively, the stepwise regression analysis' weakness of 
missing significant variables may be the cause. Since in 
stepwise regression each significant variable explains 
additional variation not already accounted for by the previous 
significant variables, the buildings variable may not have 
explained a significant amount of the remaining variation in 
stepwise regression, but did explain a significant amount of 
the overall variation in straight correlation. This problem 
with stepwise regression may be aggravated by the fact that 
distance to roost explained a very large amount of variation 
in this study, but was not addressed at all in Wallin and Byrd 
(1984). This case would be especially suspect if number of 
buildings and distance to roost were determined to be 
covariables; they are not, however (correlation coefficient 
= 0.098) . All things considered, it is important to note that 
number of buildings was only marginally significant in the 
correlation analysis of this study and only marginally not 
significant (i.e., almost significant) in Wallin and Byrd 
(1984) .
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A possible explanation for the apparent borderline 

behavior of this variable lies in an examination of the nature 
of the predominant type of development found in both study 
areas, low density development. Most residences in the study 
areas are separated from each other by a considerable 
distance. Houses here are often characterized by regular, but 
low level, activities and surrounded by scattered trees or 
even dense woodland. Many studies have shown that eagles may 
habituate to regular, non-persecuting activities (Fraser 
1984). Additionally, low density development has been shown 
to have less impact on eagles than high density development 
(Fraser et al. 1985). On the other hand, higher levels of 
activity and development have been shown to be incompatible 
with eagle use (Mathisen 1968, Stalmaster and Newman 1978). 
Given these results, it appears that low density residential 
development (without boat landings) may be compatible with 
eagle conservation if large core areas of undisturbed habitat 
are protected. Perhaps development levels in both study areas 
are reaching the threshhold of tolerance for their eagle 
populations, causing .the borderline results. This would argue 
for conservation measures in the areas to prevent that 
threshhold from being crossed completely.

Wallin and Byrd (1984) also found that both higher 
elevation and shallower water correlated with higher eagle 
numbers while this study did not find a significant 
correlation of those factors. Explanation of this difference
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in results is not easy, as very high and high use areas exist 
at both shallow and deep water sites as well as at both high 
and low elevation sites in the study area. Yet, Wallin and 
Byrd's results are solid as well and supported by other 
literature indicating shallow water and high banks as factors 
positively influencing abundance of foraging eagles (Brown 
1960, Mersmann 1989). Possible explanations for this 
disparity are that either Wallin and Byrd's results or the 
results of this study are in error or that some factor of the 
prey availability, habitat, or eagle behavior is different 
between the two study areas.
Effects of Environmental Factors on Daily Eagle Abundance

The results of the analysis of the environmental and 
eagle data was not as useful as the analysis of the eagle and 
habitat data. Stepwise regression found the absolute time of 
day and absolute date of year to be the significant influences 
on eagle abundance. Correlation analysis showed only absolute 
time of day had a significant influence on daily eagle 
abundance. Both analyses revealed that absolute time has a 
great influence upon eagle abundance, and in keeping with the 
statistical arguments above, only the results of the 
correlation analysis will be discussed in depth.

The absolute time of day variable and daily number of 
eagles variable had the only statistically significant 
correlation coefficient at -0.674. The negative relationship 
indicates that as the time of day increases (i.e., gets later
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in the day), the number of eagles out foraging decreases. By 
squaring the correlation coefficient, one can estimate the 
amount of variance accounted for by that correlation (Sokal 
and Rohlf 1969). The square of -0.674 yields 45% of the 
variance explained by this one relationship. This is an
impressive amount of variance explained by a single variable 
in a natural system. The fact that eagles forage most heavily 
in the early morning hours is also well supported by other 
studies. Jaffee (1980), Craig et al. (1988), Gerrard et al. 
(1980), and Mersmann (1989) all report early morning hours as 
the time of most intensive foraging. Jaffee (1980) showed in 
great detail that foraging was heaviest at dawn and steadily 
tapered off during the course of the day on the Potomac River.

None of the other environmental variables were found to 
correlate significantly with daily eagle abundance. In the 
case of the weather variables such as temperature and wind 
speed, this may be a true representation of actual 
circumstances, but the absence of seasonal influence and 
boating activity effects is not so easily accepted.

Wallin and Byrd (1984) clearly established a rise, peak, 
and decline in the eagle population over a six month period 
at the Potomac site. Previous research at the James site has 
also indicated a definite seasonal variation in eagle 
abundance (Bradshaw, pers. comm.). As mentioned above in the 
methods section, many scheduled surveys were not run due to 
mechanical problems with the boat. The lack of results
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indicating seasonal trends in this study may be due to the 
lack of sampling throughout the season, particularly in May, 
June, and September.

Disturbance of foraging eagles by recreational boating 
activity is well established. Appendix 3, Table 15, shows a 
list of studies documenting the detrimental effects of human 
activities on the behavior of bald eagles. This project 
attempted to assess the disturbance of boating activity on 
eagle foraging behavior by comparing the total number of boats 
active on the entire river to the total number of eagles 
observed on a given survey. Even boats in the middle of the 
river, substantially removed from eagle foraging sites, were 
counted in data collection. Other studies which have 
documented boating disturbances concentrated on observing the 
effects of single boats when brought into close proximity to 
individual eagles. The difference in results between this 
study and others is no doubt due to these differences in 
methodologies. The treatment of boating activity in this 
study did not reflect the cumulative effects of many 
individual disturbances of eagles by boats because the 
sampling methods were deficient; boats were counted even if 
they did not disturb eagles. Further, the surveys conducted 
in this study did not account for eagles that flushed after 
being exposed to boating activity, an accepted indication of 
disturbance. These facts are important when considering 
protection and management recommendations for the
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concentration area.
Protection. Management, and Monitoring

Based on the results of this study and a review of 
previous related studies, recommendations for protection, 
management, and monitoring of the James River summer eagle 
concentration area can be made. Due to the scope of this 
research, these recommendations apply only to eagle use of 
shoreline habitat and do not entail recommendations for the 
protection, management, and monitoring of nesting or communal 
roosting areas. Further research is necessary to determine 
those needs.

The habitat encompassed in the areas recommended for 
protection includes shoreline deemed highly significant to 
eagle use based on the following guiding criteria: all
shoreline ranked as very high or high use by bald eagles, 
stretches of shoreline which provide a connecting corridor of 
continuous woodland habitat between two areas of very high or 
high use shoreline, and shoreline which represents potentially 
high or very high use shoreline habitat based on 
characteristics revealed in the habitat analysis section of 
this study.

The shoreline habitat of each protection area is 
sheltered from human disturbance by several buffer zones. A 
diagrammatic protection area in Figure 5 illustrates these 
buffer zones. Since human disturbance research was not 
conducted as a part of this study, buffer zone sizes are based
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oil other research. The guiding criteria for the protection 
area buffer zones and their justifications are discussed 
below:

1. perching zone - This is a ten meter wide strip 
of wooded habitat along the shore actually used by 
eagles when perched in trees searching for food, 
eating, or loafing.
2. water buffer zone - The water zone buffers 
foraging eagles from disturbance by human activities 
on the river surface. It also provides foraging 
habitat for eagles perched on the shore. This zone 
is 300 meters wide. Although Knight and Knight 
(1984) recommend water buffer zones of at least 450 
meters and McGarigal (1988) recommends at least 400 
meters and up to 800 meters, Buehler, et al., 
(1991a) found an average flushing distance of less 
than 200 meters and Wallin and Byrd (1984) 
recommended a water buffer zone of 3 00 meters. Such 
a 300 meter buffer has been in effect at the Potomac 
site for several years. Due to the similarity of 
the sites, the local precedent, and the apparent 
success of the 300 meter zone (Zawatsky, pers. 
comm.), the implementation of a water buffer zone 
greater than 3 00 meters would be politically 
difficult, therefore, 3 00 meters is recommended as 
an acceptable minimum water buffer zone.



3. land buffer zone - The land buffer zone shelters 
foraging bald eagles from disturbance by human 
activities onshore. This zone also provides some 
protected habitat for loafing or roosting. 
Recommendations for minimum acceptable widths of 
land buffer zones vary greatly; Stalmaster (1980) 
found that as little as 100 meters may be sufficient 
buffer for perched eagles if vegetation was dense 
enough while Wallin and Byrd (1984) and Fraser, et 
al. (1985) recommend 500 meters and Stalmaster and 
Newman (1978) recommend 2 50 meters. The results of 
this study indicate that high and very high eagle 
use occurs in plots where the woodland width was 
equal to the width of the sampling plot, 200 meters. 
With these various guidelines in mind, a minimum 
land buffer of 2 00 meters is recommended for the 
protection areas.
4. lateral buffer zone - This zone is a 300 meter 
extension of the water buffer and land buffer zones 
along the shore on either side of the perching zone 
to shelter eagles from disturbance from those 
directions. The lateral buffer may also provide 
some additional perching, foraging, loafing, and 
roosting habitat.

Sizes of these zones should be considered minimal; larger
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zones (and thus larger protection areas) are desirable and 
encouraged.

Six areas are recommended as priorities for protection. 
Locations of these six areas and a brief narrative on each is 
presented in Appendix 4, Figure 7. The protection areas are 
numbered according to priority (i.e., protection area number 
one is the highest priority for protection). Each protection 
area contains foraging habitat and buffer zones established 
according to guidelines discussed above. Protection area 
boundaries were then modified from the guidelines as each 
situation necessitated; reasoning for the modifications is 
given in the narrative of each protection area. The six 
recommended protection areas are to be considered priorities; 
they should not necessarily be considered a recommendation for 
the amount of protected shoreline necessary to sustain a 
minimum viable population. Protection of shoreline outside 
the protection areas could only help the eagle population.

The protection areas should be preserved and managed for 
the purpose of bald eagle conservation. The areas within the 
water buffer zone of the protection boundaries are already 
held in the public trust, as state water law decrees that the 
"subaqueous bottoms'* of "navigable watercourses" are property 
of the Commonwealth of Virginia as "waters of the state" (Code 
of Virginia, section 62.1-2). With respect to the land 
resources, much of the shore is now protected from large scale 
development by the Chesapeake Bay Preservation Act as
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"preservation areas” (Code of Virginia, section 10.1-2109). 
Since laws can change, however, it is advised that some form 
of permanent protection be affixed to these areas.

Some of the shore within the protection boundaries has 
already.been acquired by the United States Fish and Wildlife 
Service as part of the James River National Wildlife Refuge. 
Acquisition of the remainder of the shoreline falling within 
the protection boundaries is not recommended as a practical 
or economical recourse to protect eagle habitat in this case. 
In addition to the financial constraints of acquisition, the 
plantation owners who currently own most of the protection 
areas are not likely to be interested in parting with portions 
of their property.

Conservation easements are ideal protection tools for 
this situation. A conservation easement is a legally binding 
agreement a property owner makes to restrict the type and 
amount of land use that may take place on his or her property 
or a portion of that property (Diehl and Barrett 1988). The 
property owner conveys certain land use rights to another 
party, a conservation organization or agency. The size and 
restrictiveness of conservation easements can be tailored to 
the needs of the situation. Easements are attached to the 
deed and can be made to last forever or ”in perpetuity.” 
Perpetual conservation easements provide the landowner with 
income and estate tax benefits that act as incentives. Often, 
the fact that the landowner will still retain ownership and
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certain rights over the land make easements more attractive 
to landowners than transfer. Conservation easements are 
difficult to implement, but, once in place, constitute 
distinct advantages over transfer. The landowner retains 
ownership and certain land use rights while the conservation 
organization or agency is spared costly acquisition fees and 
is assured of perpetual protection of the land (Diehl and 
Barrett 1988).

One exception to the recommendation for conservation 
easements is the Parker tract (Prince George County tract 
number 6-8) which should be acquired by the United States Fish 
and Wildlife Service for incorporation into the James River 
National Wildlife Refuge. The Parker Tract is a critical 
parcel separating the two existing tracts of the refuge. 
Acquisition will facilitate permanent protection of especially 
important shoreline and provide continuous woodland habitat 
between the existing tracts of the refuge.

By overlaying the protection boundaries with the property 
ownership boundaries, one can easily discern which land owners 
should be approached regarding easements along their 
shoreline. A listing of the property owners that currently 
own land within the protection boundaries is given in Appendix 
4, Table 16.

The United States Fish and Wildlife Service should be the 
holder of the conservation easements. Although the Fish and 
Wildlife Service does not normally hold conservation
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easements, there is a good chance they would be able to hold 
the rights to such easements which are located close to one 
of their wildlife refuges as is the case here (Cindy Schultz, 
pers. comm.) . The Service will be able to manage both the 
national wildlife refuge and the conservation easements for 
eagle conservation simultaneously. If the Fish and Wildlife 
Service is not able to establish the easements, the Virginia. 
Department of Game and Inland Fisheries, the Virginia 
Department of Conservation and Recreation, the Virginia 
Outdoors Foundation, and The Nature Conservancy all have 
experience in successfully implementing conservation easements 
and are recommended as alternatives. Where conservation 
easements cannot be successfully negotiated, natural area 
registry or management agreements may be acceptable 
alternatives. Easements, registries, or agreements should 
include guarantees of access to the protection areas for 
management activities where appropriate.

Management of the protection areas should be a 
cooperative effort among the appropriate federal, state, and 
local agencies and private conservation organizations. The 
following recommendations for management apply to the 
protection areas:

1. From the period of May 1 through September 30 of 
each year, recreational boating traffic should be 
restricted from within the water buffer zones. 
Commercial vessels need not be restricted from the



water buffer zones (Wallin and Byrd 1984) . The 
borders of the water buffer zones should be 
delineated with anchored buoys which have 
appropriate signs informing the public of the nature 
and reason for the restrictions. This will be the 
most difficult management recommendation to 
implement, yet the most important towards insuring 
that foraging eagles are not disturbed to the point 
of abandonment of the concentration area. Given the 
rapidly increasing recreational boating pressures 
of the area, it is essential to the long term 
viability of the concentration area that the river*s 
restricted areas be implemented and enforced. The 
United States Fish and Wildlife Service, the 
Virginia Department of Game and Inland Fisheries, 
or the Virginia Marine Resources Commission would 
be the most appropriate agencies for enforcing this 
restriction.
2. The land buffer zone and the perching zone should 
be restricted from human activity from the period 
of May 1 through September 3 0 of each year. Signs 
should be posted at the inland edge of the land 
buffer zone and the water edge of the perching zone 
(i.e., the shoreline) informing the public of the 
nature and reason for the restriction. The United 
States Fish and Wildlife Service would be the most



appropriate agency to enforce this restriction since 
they would hold the conservation easements.
3. The land buffer zone should be managed to 
preserve and enhance a strip of dense shielding 
vegetation to shelter foraging eagles from 
disturbance. In most cases this will be 
accomplished simply by allowing the land buffer zone 
to remain in a woodland state.
4. The foraging zone should be managed to provide 
an abundance of perching habitat for bald eagles.
Dead trees should be left standing. Active 
management for large, accessible perching trees is 
desirable. According to Chester et al. (1990), "... 
active management can ensure the presence of perch 
trees in the future and enhance sites presently 
lacking suitable perch trees. Perch trees could be 
created or improved by thinning to leave dominant 
trees along the shore that are of suitable height, 
crown structure, and accessibility." Recruitment 
of smaller trees to provide perch trees far into the 
future should also be considered. Of course, these 
management activities in the protection areas should 
occur outside of the sensitive restricted season.

In order to preserve the long-term ecological integrity 
of the concentration area and to prevent significant impact
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to the eagle population and eventual abandonment of the 
concentration area, management activities must reach outside 
of the protection boundaries. Additional protection and
management activities should include proactive and reactive 
conservation work to maintain sufficient eagle habitat for a 
viable population. Increased recreational boating use of the 
concentration area should be discouraged, especially 
additional boat landings within or near the concentration area 
as the results of this study have confirmed that boat landings 
negatively affect eagle shoreline use. Permitting additional 
boat landings on the tributary creeks of the concentration 
area is also contraindicated. Additional shoreline
residential and recreational development, most especially high 
and moderate density development, should be restricted as 
increased numbers of waterfront buildings and decreased 
amounts of shoreline woodland also have been shown by this 
study to negatively affect eagle shoreline use. Any changes 
in eagle use of the shoreline should be responded to 
appropriately.

Biological monitoring activities of the concentration 
area should include the following:

1. Continued shoreline surveys of the study area 
should be conducted at a rate of two to four times 
per month from April 1 until October 31 of each year 
and once per month from November 1 through March 31. 
Aerial surveys may be substituted for the waterborne
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surveys during months of deciduous tree defoliation.
The continued surveys will give yearly information 
on the eagle population size and age structure and 
provide early warnings of changes in the
distribution of eagles along the shoreline of the
concentration area. Care should be taken to conduct 
the minimum number of surveys necessary so as to 
avoid unneeded disturbance to the eagles.
2. Vigilant monitoring of surrounding land use
practices and development plans which might affect 
the eagle population. Pesticide use on agricultural 
lands should be monitored especially closely.
3. Periodic monitoring of local air and water
quality will give important information, especially 
in light of the industrial developments upstream of 
the site in Hopewell.

Recommendations for Further Research
The most obvious need for further research is in regard 

to the communal roost sites of the concentration area. 
Conservation of eagles during their daytime activities is 
useless without appropriate protection of habitats utilized 
during their nighttime activity (roosting). Research should 
be . conducted that will lead to sound scientific 
recommendations for protection, management, and 
monitoring of communal roost sites.

A study on the preybase, foraging behavior, and energy
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budgets of the eagles in this concentration area would prove 
insightful. Similar studies have already been conducted by 
Gerrard et al. (1980), Jaffee (1980), Stalmaster and Gessman 
(1984), and others.

As mentioned in the introduction, it is assumed that 
eagles are attracted to this area because of a combination of 
favorable habitat and good food availability. A study which, 
directly addresses this important question is needed. 
Designing such a project would be a challenge, but the results 
may have great significance to our knowledge of bald eagle 
biology.

Studies of the effects of human disturbance on bald eagle 
behavior are important to guide management efforts. Because 
appropriate buffer zones vary from eagle to eagle and from 
population to population, research on buffer zone sizes in 
this concentration area is desirable. Such research, however, 
often involves the direct disturbance of bald eagles, a risk 
which must be carefully assessed. McGarigal (1988) and Grier 
and Fyfe (1987) provide some suggestions for minimizing 
negative impacts on eagles while studying them.

Extensive research on the population dynamics of the 
concentration area is recommended, especially in regard to 
immigration into and emigration out of the concentration area. 
Where are the eagles coming from and where are they going to? 
Tracking of eagles with radio telemetry and studies of banded 
or otherwise marked birds appears to be the most practical
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method of conducting such a study. These techniques have been 
used in other areas without apparent adverse influence on the 
eagles.

Given the massive amount of kepone discharged into the 
James from Hopewell in the 1970's and the known damaging 
effects of kepone on avian physiology, contaminant and 
toxicology studies of eagles in the area are recommended to 
help determine the threats of kepone and other contaminants 
to the long term viability of the local population.



71

APPENDIX 1
STUDIES OF NON-BREEDING BALD EAGLE CONCENTRATION AREAS



STUDIES

AUTHOR(S)
R. D. Bayer

B. T. Brown, et al.

A. Cassidy

R. J. Craig, et al. 

L. Craighead

C . C . Edwards

J. M. Gerrard,et al

J. M. Gerrard,et al 
M . Gregg
E. F. Gittens

C. R. Griffin

C. R. Griffin,et al

T. G. Grub and
C . E. Kennedy
T . G . Grub
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TABLE 12

OF WINTER NON-BREEDING EAGLE
CONCENTRATION AREAS
YEAR TITLE
1987 Winter observations of bald eagles 

at Yaquina Estuary, Oregon
1989 Changes in winter distributions of 

bald eagles along the Colorado River 
in Grand Canyon, Arizona

198 3 Winter ecology of bald eagles at 
Qualicum River estuary, British 
Columbia

1988 Time and energy budgets of bald 
eagles wintering along the 
Connecticut River

1979 Ecology of migrating and wintering 
bald eagles on the Kootenai River in 
Montana

1969 Winter behavior and population 
dynamics of american eagles in 
western Utah

1978 Migratory movements and plumage of 
subadult Saskatchewan bald eagles

1980 Behavior of a nonbreeding bald eagle
1961 Alaskan bald eagles
1968 A study on the status of the bald 

eagle in Nova Scotia
1978 The ecology of bald eagles wintering 

at Swan Lake national Wildlife Refuge 
with emphasis on eagle-waterfowl 
relationships

1982 Ecology of bald eagles wintering near 
a waterfowl concentration

1982 Bald eagle winter habitat on 
southwestern national forests

1984 Winter activity of bald eagles at 
Navajo Lake, New Mexico



T. G. Grub, et al.

D . Hancock

A. J. Hansen, et al

J. F. Harper

H. D. Hartwell and 
J . J . Kammenga

F. B. Issacs, et al

F. B. Issacs and 
R . G . Anthony

J. C. Johnson

J. R. Jonen

R. A. Joseph

G. P. Keister and 
R. G. Anthony

G. P. Keister,et al

S. K. Knight and 
R. L. Knight
J . J . LaBonde
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TABLE 12 (CONTINUED)
1989 Winter roosting patterns of bald 

eagles in northcentral Arizona
1964 Bald eagles wintering in the southern 

Gulf Islands, British Columbia
1980 Habitat characteristics, function, 

and destruction of bald eagle 
communal roosts in western Washington

1974 Dispersal and migration of fledgling 
bald eagles

1985 Recommended management guidelines for 
bald eagle winter communal roosts on 
DNR managed land in the Noosack River 
area

198 6 Habits of bald eagles wintering along 
the Crooked River, Crook County, 
Oregon

1987 Abundance, foraging, and roosting of 
bald eagles wintering in the Harney 
Basin, Oregon

1961 Winter concentrations of bald eagles 
at Grand Lake, Oklahoma

1973 The winter ecology of the bald eagle 
in westcentral Illinois

1977 Behavior and age class structure of 
wintering northern bald eagles in 
western Utah

1983 Characteristics of bald eagle
communal roosts in the Klamath Basin, 
Oregon and Washington

1987 Use of communal roosts and foraging 
areas in the Klamath Basin

1983 Aspects of food finding by wintering 
bald eagles

1981 Wintering ecology of the bald eagle 
in northeastern Colorado
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G. R. Lingle and
G . L . Krapu
J. W. Lish

G. R. Lingle

B. R. McClelland

B. R. McClelland, 
et al.

J. B. Platt

D. Russell

N. Sabine and 
W. D. Klimstra
C. W. Servheen

D. S. Shea

D . S. Shea 

W. E. Southern

W. E. Southern 

M. V. Stalmaster

TABLE 12 (CONTINUED)
1986 Winter ecology of bald eagles in 

southcentral Nebraska
1975 Status and ecology of bald eagles and 

nesting of golden eagles in Oklahoma
1989 Winter raptor use of the North Platte 

and Platte River valleys in 
southcentral Nebraska

1973 Autumn concentrations of bald eagles 
in Glacier National Park

1982 The bald eagle concentration in 
Glacier National Park: origin, 
growth, and variation in numbers

1976 Bald eagles wintering in the Utah 
desert

1980 Occurrence and human disturbance
sensitivity of wintering bald eagles 
on the Sauk and Suiattle Rivers, 
Washington

1985 Ecology of bald eagles wintering in 
southern Illinois

1975 Ecology of wintering bald eagles of 
the Sagit River, Washington

1973 A management-oriented study of bald 
eagle concentrations in Glacier 
National Park

1978 Bald eagle concentrations in Glacier 
National Park

1963 Winter populations, behavior, and 
seasonal dispersal of bald eagles in 
northwestern Illinois

1964 Additional observations on wintering 
bald eagle populations

1976 Winter ecology and effects of human 
activity on bald eagles in the 
Noosack River valley, Washington



M. V. Stalmaster 
and J. R. Newman
M. V. Stalmaster 
and J. R. Newman

K. Steenhof

K. Steenhof, et al.

J . E. Swenson

J. F. Swisher

W. E. Vian

Note: complete citations can be
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TABLE 12 (CONTINUED)
1978 Behavioral responses of wintering 

bald eagles to human activity
1979 Population dynamics of wintering bald 

eagles on the Noosack River, 
Washington

1976 The ecology of wintering bald eagles 
in southeastern South Dakota

1980 Habitat use by wintering bald eagles 
in South Dakota

1975 Ecology of the bald eagle and osprey 
in Yellowstone National Park

1964 A roosting area of the bald eagle in 
northern Utah

1977 The wintering bald eagle in the 
Platte River in south-central 
Nebraska

found in bibliography
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TABLE 13

STUDIES OF SUMMER NON-BREEDING EAGLE 
CONCENTRATION AREAS

AUTHOR(S) YEAR TITLE
D. A. Buehler,et al.1991 Nonbreeding bald eagle communal and

solitary roosting behavior and 
roosting habitat on the northern 
Chesapeake Bay

D. A. Buehler,et al.1987 Bald eagle movements, distribution,
and abundance in the Northern 
Chesapeake Bay

M. A. Byrd, et al. 1991 Bald eagle investigations
D. N. Chester,et al.1990 Habitat use by nonbreeding eagles in

North Carolina
J. J. Mayer, et al. 1985 Bald and golden eagles on the

Savannah River Plant, South Carolina
B. A. Millsap,et al.1983 Distribution and movements of bald

eagles on Aberdeen Proving Ground, 
Maryland

D. O. Wallin and 1984 Caledon State Park bald eagle study
M . A . Byrd
Note: complete citations can be found in bibliography
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APPENDIX 2
PROPERTY TRACTS AND OWNERSHIP IN THE STUDY AREA
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FIGURE 6 (NEXT PAGE)
PROPERTY TRACTS IN STUDY AREA 

REFER TO TABLE 14 FOR OWNERSHIP INFORMATION 
PG = Prince George County tracts 
CC = Charles City County tracts
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FIGURE 6 (CONTINUED NEXT PAGE)
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TABLE 14

PROPERTY OWNERSHIP IN STUDY AREA 
Please refer to Figure 6 for tract information 

CC = Charles City County PG = Prince George County
TRACT NUMBER(S) ACRES
CC 50-12 898

CC 50-13 407

CC 63-1 20

CC 63-2 .77

CC 63-3 29

CC 63-4 3.75
CC 64-1 10.2

CC 51-10 399.6

CC 51-11 474.2

OWNER NAME AND ADDRESS
Malcolm Jamieson 
5201 Herring Creek Road 
Route 2, Box 385 
Charles City, VA 23030
Bruce Crane Fisher 
c/o UVB Trust Department 
Post Office Box 26665 
Richmond, VA 23 261
Ellen F. Tulley and 
Josephine Fisher 
c/o Josephine deGive 
112 Lakeview Avenue 
Cambridge, MA 02138
George V. Black and 
Annie Banton 
6641 Westover Road 
Route 2, Box 465 
Charles City, VA 23030
Frederick S. Fisher, III 
7000 Westover Road 
Route 2, Box 445 
Charles City, VA 23030
Bruce Crane Fisher 
c/o UVB Trust Department 
Post Office Box 26665 
Richmond, VA 23261
E. Saunders Ruffin, et al. 
c/o Sovran Trust Department 
Post Office Box 26903 
Richmond, VA 2 3261
Evelynton, Inc. 
c/o Archer Ruffin 
7501 John Tyler Memorial 
Highway 
Charles City, VA 23030
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TABLE 14 (CONTINUED)

CC 52—4 474.8 John Hula
c/o Stanley Hula, Sr.
17303 Sandy Point Road 
Route 1, Box 73 
Charles City, VA 23 030

CC 52—6_ 295.9 Milton S. Goldman
3544 Kentucky Trail 
Chesapeake, VA 2 3 22 0-5240

CC 52-1-1 20.2 Charles City County
Post Office Box 128 
Charles City, VA 23030

CC 52-1-2 15.5 Charles M. Chappell, et al.
c/o William Sanford 
Post Office Box 1407 
Hopewell, VA 23860

CC 52-1-3 2.4 William E. Hamilton, Jr.
CC 52-1-4 2.68 Post Office Box 155
CC 52-1-12 2.87 Charles City, VA 23030
CC 52-1-13 .92
CC 52-1-5 2.68 Leo F. Smith
CC 52-1-14 .93 7481 Osborne Turnpike

Richmond, VA 23231
CC 52-1-6 2.68 Russel L. and Nancy C.

Jones
CC 52-1-7 2.68 10125 Dalmation Drive
CC 52-1-15 .94 Route 2, Box 107
CC 52-1-16 .94 Charles City, VA 23030
CC 52-1-8 2.64 George G. and Albert P.

Gsell
CC 52-1-17 .95 Post Office Box 149655

Orlando, FL 32814
CC 52-1-9 18.16 Thomas O. Reese
CC 52-1-10 3.39 314 Shoreline Drive

Hampton, VA 23 369
CC 52-1-11 1.01 Alan M. and Nancy K. Bolash

101 Elizabeth-Meriweather 
Williamsburg, VA 23185
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CC 52-17 5.12 William W.

CC 52-15 7.12

CC 52-16 7.12

CC 53-11 78.7

CC 53-12 3.25

CC 53-13 2.0

CC 53-14 196

CC 53-15 3.46

CC 53-16 8.51

and Mary C. 
Hoehing 
12801 Dalmation Drive 
Route 2, Box 110 
Charles City, VA 23030
Lindell P. and Constance H.
Cruise 
2618 Penrose Drive 
Richmond, VA 23235
Richard and Diane S. Ward 
12900 Wilcox Neck Road 
Route 2, Box 12 0 
Charles City, VA 23030
Heinrich Harling 
c/o Sovran Bank 
Post Office box 26903 
Richmond, VA 232 61
Thomas M. and James E.
Brown 
115-14 149th Street 
Jamaica, NY 11436
Edna J. Black, et al.
7000 Courthouse Road 
Route 1, Box 370 
Providence Forge, VA 23140
Eppa Hunton and Ellen G.
White, trustees 
Post Office Box K-l 
Richmond, VA 23 288
John C. and William E.
Christian 
12751 Weyanoke Road 
Charles City, VA 23030
William Edward Christian 
12741 Weyanoke Road 
Route 1, box 12-J 
Charles City, VA 23 030
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CC 53-17 101 George F. and Ridgley K.
Copland 
12200 Weyanoke Road 
Route 1, Box 13-A 
Charles City, VA 23 030

CC 66-1 2.8 Dewey's
c/o Bass Steel Building
Corporation 

Post Office Box 24292 
Richmond, VA 23224

CC 66-2 5 Joe B. and Kathryn Wiggins
13 011 Weyanoke Road 
Route 1, box 12-H 
Charles City, VA 2 3 030

CC 66-3 298.4 Louise B. Moon
1613 Hanover Avenue 
Richmond, VA 23220

CC 66-13 256 John A. and Ethel S.
Copland 
12601 Weyanoke Road 
Route 1, Box 13 
Charles City, VA 23030

CC 66-6 1 Jessie Kenan Lewis
CC 66-7 168 c/o Kenan L. White
CC 73-1 401 115 East Hillcrest Avenue

Richmond, VA 23 22 6-2236
PG 15-95A 7.4 Wilson and Jane H.

Norwood 
1800 Coggins point Road 
Hopewell, VA 23860

PG 15-97A 2.1 Stephen L. and Jane L.
Pettier 
1700 Coggins Point Road 
Hopewell, VA 23860

PG 15-97 3.1 Thomas A. and Frances D.
Williams 
172 0 Coggins Point Road 
Hopewell, VA 23860
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PG 15-14-4 5.6
PG 15-14-5 7.2

PG 15-14-6 6.0

PG 6-2 4.0
PG 6-3 4.2

PG 6-1 1.95
PG 6-1A 6.0
PG 6-4 .85
PG 15-95 315.9

PG 6-6 500

PG 6-8 94

PG 6-10 1300
PG 6-11 
PG 6-12
PG 7-1A 51

PG 7-1B 169
PG 7-1C 216
PG 7-2A 24.11
PG 7-2C 20.9
PG 7-2B 24.11

Coggins Point Farm, Inc. 
c/o James G Harrison 
Post Office Box 170 
Hopewell, VA 23860
H. Carlton and Patricia R.
Townes 
1516 Coggins Point Road 
Hopewell, VA 23860
James W. Enochs 
Post Office Box 589 
Hopewell, VA 23860
Maria S. Harrison 
1100 Coggins Point Road 
Hopewell, VA 23860
Coggins Point Farm, Inc. 
c/o Paul Compton 
Post Office Box 1439 
Hopewell, VA 23860
Michael J. Bogese, Jr. 
c/o The Nature Conservancy 
201 Devonshire Street 
Boston, MA 02110
Henry D. Parker, Jr.
14001 James River Drive 
Hopewell, VA 2 3860
United States Fish and 
Wildlife Service, James 
River Wildlife Refuge
John Ferguson, et al.
Post Office Box 26801 
Richmond, VA 23261
David A. Harrison, III 
1000 Flowerdew Hundred Road 
Hopewell, VA 23860

Homer P . Rooke 
8225 Barningham Road 
Richmond, VA 23235
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PG 7-2C 6.0

PG 17-1 2132.9
PG 17-3 37.6

PG 18-1 1.1

PG 18-2 2.0
PG 18-3 4.0

PG 18-5 685

PG 19-1-3A 80.7
PG 19-5-1,2,3 40.3

Thomas Eugene and Patricia
A. Banks 
1812 Flowerdew Hundred Road 
Hopewell, VA 23860
Martin Enterprises 
c/o Phillip W. Dean 
2301 Wadebridge Road 
Midlothian, VA 23113
R. F. Burke Steele, Jr.
1845 Westover Avenue 
Petersburg, VA 1.1
Thomas G . Crump 
Post Office Box 460 
Chester, VA 23831
Riley B. and Helen F. Lowe 
Post Office Box 175 
Mechanicsville, VA 23111
G. Harold Williams 
4409 Hall Farm Road 
Prince George, VA 2 3875
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APPENDIX 3 
STUDIES ON DISTURBANCE OF EAGLES
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AUTHOR(S)

TABLE 15
STUDIES SHOWING DISTURBANCE EFFECTS 

ON EAGLES FROM HUMAN ACTIVITY
YEAR TITLE OF ARTICLE

D. A. Buehler,et al.1991 Effects of human activity on bald
eagle distribution on the northern 
Chesapeake Bay

T. J. Craig, et al. 1988 Time and energy budgets of bald
eagles wintering along the 
Connecticut River

J. D. Fraser 1984 The impact of human activities on 
bald eagle populations - a review

J. D. Fraser et al. 1985 The impact of human activities on
breeding bald eagles in northcentral 
Minnesota

J. W. Grier and 
R. W. Fyfe
R. Howard and
B. C. Postovit
R. L. Knight and 
S. K. Knight
R. L. Knight and 
S. K . Knight
R. L. Knight and 
S. K. Knight
J. E. Mathisen 

K. McGarigal 

D. Russel

S. K. Skagen

1987 Preventing research and management 
disturbance

1987 Impacts and mitigation techniques

1984 Responses of wintering bald eagles 
to boating activity

1986 Vigilance patterns of bald eagles 
feeding in groups

1987 Effects of recreational disturbance 
on birds of prey: a review

1968 Effects of human disturbance on 
nesting bald eagles

1988 Human-eagle interactions of the lower 
Columbia River, Oregon

1980 Occurrence and human disturbance 
sensitivity of wintering bald 
eagles on the Sauk and Suiattle 
Rivers, Washington

198 0 Behavioral responses of wintering
bald eagles to human activity on the 
Skagit River, Washington
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M. V. Stalmaster

M. V. Stalmaster 
and J. R. Newman
D. O. Wallin and 
M . A . Byrd

TABLE 15 (CONTINUED)
197 6 Winter ecology and effects of human 

activity on bald eagles in the 
Noosack River valley, Washington

1978 Behavioral responses of wintering 
bald eagles to human activity

1984 Caledon State Park bald eagle study

Note: complete citations can be found in the bibliography
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APPENDIX 4
PROTECTION AREAS 

AND RELATED INFORMATION
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FIGURE 7 (NEXT PAGE)
EAGLE PROTECTION AREAS

--------------  = PROTECTION AREA BOUNDARY
SEE NOTES ON PROTECTION AREAS FOLLOWING FIGURE
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NOTES ON PROTECTION AREAS IN FIGURE 7

PROTECTION AREA 1 - This is the largest and most heavily used 
protection area. The boundaries protect a 500 meter and a 
1000 meter stretch of very high use shoreline and 1000 meters 
of wooded shoreline between the two as a connecting corridor. 
This protection area has full size 300 meter lateral buffer 
zones and a full size 2 00 meter land protection zone except 
for the extreme east corner where an existing road was 
excluded from the boundary. The water buffer zone, normally 
3 00 meters, has been reduced in the middle of the area to 
exclude the main river channel to the north and expanded 
slightly at its western end to provide additional buffer to 
a highly sensitive inlet area. The mouth of Powell's Creek 
is blocked by this protection area.
PROTECTION AREA 2 - This area protects 500 meters of very high 
use shoreline and 500 meters of high use shoreline. The 
lateral buffers are limited to only about half of the 
recommended size in order to exclude existing houses and a 
pier on the west and another existing pier on the east. The 
water buffer zone is slightly enlarged in the middle to 
protect a sensitive inlet area. The land buffer zone is full 
size.
PROTECTION AREA 3 - This area protects 500 meters of very high 
use shoreline, 500 meters of high use shoreline, and about 500 
additional meters of shoreline with potential for high use. 
The water buffer zone and lateral buffer zones are full size. 
The eastern-most corner of the land buffer zone is truncated 
slightly to exclude an existing agricultural field. 
Protection area 3 blocks the mouth of Herring Creek.
PROTECTION AREA 4 - This area protects about 750 meters of 
high use shoreline. There is a full size lateral buffer to 
the east, but the lateral buffer on the west has been 
completely omitted to exclude existing houses. The land 
buffer zone decreases to a width of only about 75 meters for 
a 3 00 meter section in the middle of the protection area to 
exclude an existing agricultural field.
PROTECTION AREA 5 - This area protects 500 meters of high use 
shoreline plus about 2 000 meters of potentially high use 
shoreline. The lateral and water buffer zones are full size. 
The land buffer zone is modified to exclude an existing 
agricultural field and to include all of a cypress swamp. A 
powerline right-of-way runs longitudinally through the middle 
of protection area 5; normal maintenance activity of this 
powerline should be restricted from May 1 through September 
30.
PROTECTION AREA 6 - This area protects 500 meters of high use
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NOTES ON PROTECTION AREAS (CONTINUED)

shoreline. The lateral buffer zones are full size. The north 
end of the land buffer zone is modified slightly to exclude 
an existing agricultural field. The southern half of the 
water buffer zone is also truncated to exclude the main river 
channel. The river just to the north and south of protection 
area 6 sees exceptionally high levels of recreational boating 
activities.
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PROPERTY TRACTS
TABLE 16 

WITHIN PROTECTION BOUNDARIES:
LANDOWNERS TO CONTACT REGARDING EASEMENTS

CC = Charles City County PG = Prince George County
TRACT PROTECTION OWNER COMMENTS
NUMBER(S) BOUNDARY #
PG 6-6

PG 6-8

PG 16-10, 2
11,12

PG 7-1A

PG 7-2C 2
PG 7-1B,C 5

PG 7-2C1 2

PG 7-2B 2
CC 51-10 3

CC 51-11 
CC 52-4

Michael J. Bogese, 
Jr.

Henry D. Parker, 
Jr.

United States 
Fish and Wildlife 
Service

John Ferguson, 
et al.

David A. Harrison, 
III

funds
appropr iated 
for acquisition
recommended for 
acquisition by 
U S F W S  f o r  
inclusion 
into wildlife 
refuge
already protected 
as federal 
wildlife 
refuge

owner likely to 
respond 
positively 
to offer of 
easement

Thomas E. and 
Patricia A.
Banks

Homer P. Rooke
E. Saunders Ruffin, 

et al.
Evelyton, Inc.
John Hula

CC 52-6 4 Milton S. Goldman
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TABLE 16 (CONTINUED)

CC 52-1-1

CC 73-1

Charles City 
County

Jessie K. Lewis

planned for. 
development into 
a county park
owner not likely 
to respond to 
offer of 
easement



98
LITERATURE CITED

Abbott, J. M. 1967. The Chesapeake bald eagle survey summary 
report, 1955-1965. Atlantic Naturalist 22(l):20-25.

Andrew, J. M., and J. A. Mosher. 1982. Bald Eagle nest site 
selection and nesting habitat in Maryland. J. Wildl.

' Manage. 46:382-390.
Bayer, R. D. 1987. Winter observations of bald eagles at 

Yaquina Estuary, Oregon. Murrelet 68(2):39-44.
BCD (Biological Conservation Database). 1991. Virginia

Department of Conservation and Recreation, Division of 
Natural Heritage, Richmond, VA.

Bell, M. A., R. A. Ewing, and G. A. Lutz. 1978. Review of
environmental effects of mirex and kepone. Prepared for 
the U.S.E.P.A., Office of Research and Development, by 
Battelle Columbus Laboratories EPA 600/1-78-013. 
Washington, DC.

Bent, A. C. 1937. Life histories of North American birds of 
prey. Dover Publications, New York, NY. 4 09pp.

Brown, B. T., R. Mestu, L. E. Stevens, and J. Weidheit. 1989. 
Changes in winter distributions of bald eagles along the 
Colorado River in Grand Canyon, Arizona. J. Rapt. Res. 
23:110-113.

Brown, L. H. 1960. The african fish eagle Haliaeetus vocifer, 
especially in the Kavirondo Gulf. Ibis 102:285-297.

Brown, B. W. , and G. O. Batzli. 1984. Habitat selection by fox 
and gray squirrels: a multivariate analysis. J. Wildl.



Manage. 48(2):616-621.
Buehler, D. A., J. D. Fraser, and J. D. Chase. 1987. Bald 

eagle movements, distribution, and abundance on the 
northern Chesapeake Bay. U.S. Fish and Wildlife Service 
Report, Washington, DC.

Buehler, D. A., T. J. Mersmann, J. D. Fraser, and J. K. D. 
Seegar. 1991a. Effects of human activity on bald eagle 
distribution on the northern Chesapeake Bay. J. Wildl. 
Manage. 55:282-290.

Buehler, D. A., T. J. Mersmann, J. D. Fraser, and J. K. D.
Seegar. 1991b. Nonbreeding bald eagle communal and 
solitary roosting behavior and roost habitat on the 
northern Chesapeake Bay. J. Wildl. Manage. 55:273-281.

Byrd, M. A. 1991. Bald eagle species account, pp 497-499 in 
Terwilliger, K., ed. Virginia's endangered species: 
proceedings of a symposium. McDonald and Woodward 
Publishing Company, Blacksburg, VA. 672pp.

Byrd, M. A., D. Bradshaw, K. Terwilliger, and K. Clark. 1991. 
Bald eagle investigations, in Virginia nongame and 
endangered wildlife investigations annual report: 1990- 
1991. 153pp.

Byrd, M. A. and D. W. Johnston. 1991. Introduction to birds 
chapter, pp 477-487 in Terwilliger, K., ed. Virginia's 
endangered species: proceedings of a symposium. McDonald 
and Woodward Publishing Company, Blacksburg, VA. 672pp.

Cassidy, A. 1983. Winter ecology of bald eagles at Qualicum



100
River estuary, British Columbia. M. S. thesis, University 
of Victoria, BC. 34pp.

Chester, D. N. , D. T. Stouffer, T. J. Smith, D. R. Luukkonen, 
and J. D. Fraser. 1990. Habitat use by nonbreeding eagles 
in North Carolina. J. Wildl. Manage. 54:223-234.

Cline, K. W. 1982. 1982 Chesapeake Bay bald eagle banding
project. National Wildlife Federation, Washington, DC. 
45pp.

Craig, R. J., E. S. Mitchell, and J. E. Mitchell. 1988. Time 
and energy budgets of bald eagles wintering along the 
Connecticut River. J. Field Ornith. 59:22-32.

Craighead, L. 1979. Ecology of migrating and wintering bald 
eagles on the Kootenani River, Montana, in T. N. Ingram, 
ed. Proceedings of 1979 bald eagle days. Eagle Valley 
Environmentalists, Apple River, IL. 248pp.

Donn, W. L. 1972. The earth: our physical environment. Wiley, 
New York. 620pp.

Diehl, J. and T. S. Barrett. 1988. The conservation easement 
handbook. Bookcrafters, Alexandria, VA. 269pp.

Edwards, C. C. 1969. Winter behavior and population dynamics 
of american eagles in western Utah. Ph.D. thesis, Brigham 
Young University, Provo, UT. 150pp.

Eroschenko, U. P. and T. A. Place. 1977. Prolonged effects of 
kepone on strength and thickness of eggshells from 
japanese quail fed different calcium level diets. Env. 
Poll. 13:255-264.



101
Fraser, J. D. 1984. The impact of human activities on bald 

eagle populations - a review, in The Bald Eagle in 
Canada. Proceedings of Bald Eagle Days, Winnepeg, Canada.

Fraser, J. D., L. D. Frenzel, and J. E. Mathison. 1985. The 
impact of human activities on breeding bald eagles in 
northcentral Minnesota. J. Wildl. Manage. 49:585-592.

Gauch, H. G. 1982. Multivariate analysis in community ecology. 
Cambridge University Press, New York, NY. 298pp.

Gerrard, J. M. , D. W. Whitfield, P. N. Gerrard, and W. J. 
Maher. 1978. Migratory movements and plumage of subadult 
Saskatchewan bald eagles. Canadian Field Naturalist 
92:375-382.

Gerrard, J. M., P. N. Gerrard, and D. W. Whitfield. 1980.
Behavior of a nonbreeding eagle. Can. Field Nat. 
94:391-397.

Gittens, E. F. 1968. A study on the status of the bald eagle 
in Nova Scotia. M. S. thesis, Acadia University.

Gregg, M. 1961. Alaskan bald eagles. Alaskan Sportsman 
1961:27-28.

Grier, J. W. 1974. Reproduction, organochlorines, and mercury 
in northwestern Ontario bald eagles. Can. Field Nat. 
88 (4) :469-475.

Grier, J. W. and R. W. Fyfe. 1987. Preventing research and
management disturbance, in B. A. Pendleton, B. A. Milsap, 
K. W. Cline, and D. M. Bird, eds. Raptor Management 
Techniques Manual. National Wildlife Federation,



102
Washington, DC.

Griffin, C. R. 1978. The ecology of bald eagles wintering at 
Swan Lake National Wildlife Refuge with emphasis on 
eagle-waterfowl relationships. M. S. thesis. University 
of.Missouri, Columbia, MO. 185pp.

Griffin, C. R. , T. S. Baskett, and R. W. Sparrowe. 1982. 
Ecology of bald eagles wintering near a waterfowl 
concentration. U.S. Fish and Wildlife Service Special 
Scientific Report, Washington, DC. 12pp.

Grub, T. G. and C. E. Kennedy. 1982. Bald eagle winter habitat 
on southwestern national forests. USDA Forest Service 
Research Paper, RM-237:1-13.

Grub, T. G. 1984. Winter activity of bald eagles at Navajo 
Lake, New Mexico. Southwest Nat. 29:33 5-341.

Grub, T. G., S. J. Nagiller, W. L. Eakle, and G. A. Goodwin. 
1989. Winter roosting patterns of bald eagles in 
northcentral Arizona. Southwest Naturalist 34(4) :453-459. 

Hancock, D. 1964. Bald eagles wintering in the southern Gulf 
Islands, British Columbia. Wilson Bull. 76:111-119. 

Hansen, A. J. , M. V. Stalmaster, and J. R. Newman. 1980. 
Habitat characteristics, function, and destruction of 
bald eagle communal roosts in western Washington, in R. 
L. Knight, G. T. Allen, M. V. Stalmaster, and C. W. 
Servheen, eds. Proceedings of Washington bald eagle 
symposium. The Nature Conservancy, Seattle, WA. 254pp. 

Harper, J. F. 1974. Dispersal and migration of fledgling bald



103
eagles. M. S. thesis. Western Illinois University, 
Macomb, IL. 68pp.

Hartwell, H. D. and J. JH. Kammenga. 1985. Recommended 
management guidelines for bald eagle communal winter 
roosts on DNR managed land in the Noosack River Area. 
State of Washington, Department of Natural Resources, 
Forest Land Management. 38pp.

Herrick, R. F. 1933. The daily life of the american eagle: 
early phase. Auk 50:3 5-53.

Howard, R. and B. C. Postovit. 1987. Impacts and mitigation 
techniques, pp 183-213 in B. A. G. Pendleton, B. A.

Millsap, K. W. Cline, and D. M. Bird, eds. Raptor Management 
Techniques Manual. National Wildlife Federation, 
Washington, DC.

Issacs, F. B., T. Bryan, R. Goggans, and R. G. Anthony. 1986. 
Habits of bald eagles wintering along the Crooked River, 
Crook County, Oregon. Oregon Cooperative Wildlife 
Research Unit, Oregon State University.

Issacs, F. B. and R. G. Anthony. 1987. Abundance, foraging, 
and roosting of wintering bald eagles in the Harney 
Basin, Oregon. Northwest Sci. 61:114-121.

Jaffee, N. B. 1980. Nest site selection and foraging behavior 
of the bald eagle in Virginia. M. A. thesis, College of 
William and Mary, Williamsburg, VA. 113pp.

Johnson, J. C. 1961. Winter concentrations of bald eagles at 
Grand Lake, Oklahoma. Southwest Nat. 6:107-108.



104
Jonen, J. R. 1973. The winter ecology of the bald eagle in 

westcentral Illinois. M. S. thesis, Western Illinois 
University, Macomb, IL. 84pp.

Joseph, R. A. 1977. Behavior and age class structure of 
wintering northern bald eagles in western Utah. M. S. 
thesis, Brigham Young University, Provo, UT. 52pp.

Keister, G. P. and R. G. Anthony. 1983. Characteristics of 
bald eagle communal roosts in the Klamath Basin, Oregon 
and California. J. Wildl. Manage. 47:1072-1079.

Keister, G. P., R. G. Anthony, and E. J. O'Niel. 1987. Use of 
communal roosts by bald eagles in the Klamath Basin. J. 
Wildl. Manage. 51:415-420.

Knight, S. K. and R. L. Knight. 1983. Aspects of food finding
by wintering bald eagles. Auk 100:477-484.

Knight, R. L. and S. K. Knight. 1984. Responses of wintering
bald eagles to boating activity. J. Wildl. Manage.
48:999-1004.

Knight, S. K. and R. L. Knight. 1986. Vigilance patterns of 
bald eagles feeding in groups. Auk 103:263-272.

Knight, R. L. and S. K. Knight. 1987. Effects of recreational 
disturbance on birds of prey: a review, in Proceedings 
of Southwest Raptor Management Symposium. National 
Wildlife Federation, Washington, DC.

LaBonde, J. J. 1981. Wintering ecology of the bald eagle in 
northeastern Colorado. M. S. thesis, University of 
Northern Colorado, Greely, CO.



105
Lingle, G. R. and G. L. Krapu. 1986. Winter ecology of bald 

eagles in southcentral Nebraska. Prairie Nat. 18:65-78.
Lingle, G. R. 1989. Winter raptor use of the North Platte and 

Platte River valleys in southcentral Nebraska. Prairie 
Nat. 21:1-16.

Lish, J. W. 1975. Status and ecology of bald eagles and 
nesting of golden eagles in Oklahoma. M. S. thesis, 
Oklahoma State University. 98pp.

Mayer, J. J., R. T. Hoppe, and R. A. Kennamer. 1985. Bald and 
golden eagles on the Savannah River Plant, South 
Carolina. Oriole 50:53-57.

Mathisen, J. E. 1968. Effects of human disturbance on nesting 
bald eagles. J. Wildl. Manage. 32:1-6.

McClelland, B. R. 1973. Autumn concentrations of bald eagles 
in Glacier National Park. Condor 75:121-123.

McClelland, B. R., L. S. Young, D. S. Shea, P. T. McClelland, 
and E. B. Spettigue. 1982. The bald eagle concentration 
in Glacier National Park: origin, growth, and variation 
in numbers. Living Bird 21:133-155.

McGarigal, K. 1988. Human-eagle interactions on the lower
Columbia River, Oregon. M. S. thesis. Oregon State 
University, Corvallis, OR. 115pp.

Mersmann, T. J. 1989. Foraging ecology of bald eagles on the 
northern Chesapeake Bay with an examination of the 
techniques used in the study of bald eagle food habits. 
M. S. thesis. Virginia Polytechnic Institute and State



106
University, Blacksburg, VA. 132pp.

Millsap, B. A., D. W. Cline, and M. J. Gilroy. 1983. 
Distribution and movements of bald eagles on Aberdeen 
Proving Ground, Maryland.

Mulhern, B. M., W. L. Reichel, L. N. Locke, T. G. Lamont, A. 
A. Bel isle, E. Cromartie, G. E. Bagley, and R. M. Prouty. 
1970. Organochlorine residues and autopsy data from bald 
eagles 1966-1968. Pest. Mont. Journal 4:141-144.

Newton, I. 1979. Population Ecology of Raptors. Buteo Books, 
Vermillion, SD.

Ofelt, C. H. 1976. Unusual feeding behavior of bald eagles in 
British Columbia. Wilson Bull. 57:70.

Pielou, E. C. 1984. The interpretation of ecological data.
John Wiley and Sons, Inc., New York, NY. 268pp.

Platt, J. B. 1976. Bald eagles wintering in the Utah desert.
Am. Birds 30:783-788.

Retfalvi, L. I. 1965. Breeding behavior and feeding habits of 
the bald eagle on San Juan Island, Washington. M. S. 
thesis. University of British Columbia, Vancouver. 180pp. 

Russell, D. 1980. Occurrence and human disturbance sensitivity 
of wintering bald eagles on the Sauk and Suiattle Rivers, 
Washington, pp 165-176 _in R. L. Knight, G. T. Allen, M. 
V. Stalmaster, and C. W. Servheen, eds. Proceedings of 
the Washington Bald Eagle Symposium, The Nature 
Conservancy, Seattle, WA. 254pp.

Sabine, N. and W. D. Klimstra. 1985. Ecology of bald eagles



107
wintering in southern Illinois. Transactions of the 
Illinois State Academy of Science 78:13-24.

Seal, H. L. 1975. Multivariate statistical analysis for 
biologists. Barnes and Noble, New york. 298pp.

Servheen, C. W. 1975. Ecology of wintering bald eagles on the 
Sagit River, Washington. M. S. thesis. University of 
Washington, Seattle, WA. 96pp.

Shapiro, A. E. , F. Montalbano, and D. Mager. 1982. 
Implications of construction of a flood control project 
upon bald eagle nesting activity. Wilson Bull. 
94:555-563.

Shea, D. S. 1973. A management-oriented study of bald eagle 
concentrations in Glacier National Park. M. S. thesis, 
University of Montana, Missoula, MT. 78pp.

Shea, D. S. 1978. Bald Eagle concentrations in Glacier 
National Park. Western Birds 9:35-37.

Skagen, S. K. 1980. Behavioral responses of wintering bald 
eagles to human activity on the Skagit River, Washington. 
in R. L. Knight, G. T. Allen, M. V. Stalmaster, and C. 
W. Servheen, eds. Proceedings of the Washington Bald 
Eagle Symposium. The Nature Conservancy, Seattle. 254pp. 

Sokal, R. R. and F. J. Rohlf. 1969. Biometry: the principles 
and practice of statistics in biological research. W. H. 
Freeman and Company, San Francisco. 776pp.

Southern, W. E. 1963. Winter populations, behavior, and 
seasonal dispersal of bald eagles in northwestern



108
Illinois. Wilson Bull. 75:42-55.

Southern, W. E. 1964. Additional observations on wintering 
bald eagle populations. Wilson Bull. 76:121-137.

Stafford, C. J. , W. L. Reichel, D. M. Swineford, R. M. Prouty, 
and M. S. Gay. 1978. Gas-liquid chromatographic 
determination of kepone in field collected avian tissues 
and eggs. J. Assoc. Off. Anal. Chem. 61(1):8-14.

Stalmaster, M. V. 1976. Winter ecology and effects of human 
activity on bald eagles in the Noosack River valley, 
Washington. M. S. thesis. Western Washington State 
College, Bellingham, WA. 100pp.

Stalmaster, M. V. 1980. Management strategies for wintering 
bald eagles in the Pacific Northwest, pp 4 6-67 in R. L. 
Knight, G. T. Allen, M. V. Stalmaster, and C. W.
Servheen, eds. Proceedings of the Washington bald eagle 
symposium. The Nature Conservancy, Seattle, WA. 254pp.

Stalmaster, M. V. and J. A. Gessman. 1984. Ecological
energetics and foraging behavior of overwintering bald 
eagles. Ecol. Monographs. 54:407-428.

Stalmaster, M. V. and J. R. Newman. 1978. Behavioral responses 
of wintering bald eagles to human activity. J. Wildl. 
Manage. 43:221-224.

Stalmaster, M. V. and J. R. Newman. 1979. Perch site
preferences of wintering bald eagles in northwest
Washington. J. Wildl. Manage. 43:221-224.

Steenhof, K. 1976. The ecology of wintering bald eagles in



109
southeastern South Dakota. M. S. thesis. University of 
Missouri, Columbia, MO. 148pp.

Steenhof, K., S. S. Berlinger, and L. H. Fredrickson. 1980.
Habitat use by wintering bald eagles in South Dakota. J.
Wildl. Manage. 44:798-805.

Stinson, E. R. and P. T. Bromley. 1991. Pesticides and
wildlife: a guide to reducing impacts on animals and 
their habitat. Virginia Department of Game and Inland 
Fisheries, Richmond, VA. 47pp.

Swenson, J. E. 1975. Ecology of the bald eagle and the osprey 
in Yellowstone National Park. M. S. thesis, Montana State 
University. 146pp.

Swisher, J. F. 1964. A roosting area of bald eagles in
northern Utah. Wilson Bull. 76:186-187.
USFWS (United States Fish and Wildlife Service), Region 
5. 1989. Final Environmental Assessment: Proposal to
Protect Endangered Bald Eagle Habitat, Prince George 
County, Virginia. 49pp.

USGS (United States Geologic Survey). 1974. 1:24,000 scale 
topographic map. polyconic projection. Westover, VA, 7.5 
minute quadrangle.

USGS (United States Geologic Survey). 1987. 1:24,000 scale 
topographic map. polyconic projection. Charles City, VA, 
7.5 minute quadrangle.

USSCS (United States Soil Conservation Service). 1985. Soil
Survey of Prince George County. 115pp.



110
Vian, W. E. 1977. The wintering bald eagle on the Platte River 

in southcentral Nebraska. M. S. E. thesis, Kearney State 
College, Kearney, NE. 60pp.

Wallin, D. O. and M. A. Byrd. 1984. Caledon State Park Bald 
Eagle Study. Virginia Department of Game and Inland 
Fisheries, Richmond. 53pp.

Wiemeyer, S. N., T. G. Lamont, C. M. Bunk, C. R. Sindelar, F. 
J. Cramlick, J. D. Fraser, and M. A. Byrd. 1984. 
Organochlorine pesticide, polychlorobiphenyl, and mercury 
residues in bald eagle eggs, 1969-1979, and their 
relationship to eggshell thinning and reproduction. Arch. 
Env. Cont. and Toxic. 13:529-549.

Woodward, S. L. and R. L. Hoffman. 1991. The nature of 
Virginia, pp 23-50 in Terwilliger, K. , ed. Virginia's 
endangered species: proceedings of a symposium. McDonald 
and Woodward Publishing Company, Blacksburg, VA. 672pp. 

Zaneski, C. T. 1989. Developers hold key to eagles' fate. 
Virginian-Pilot, November 20, 1989.



Ill
VITA

Kennedy H. Clark 
Born in Louisville, Kentucky, on June 13, 1966, Mr. 

Clark moved to Chattanooga, Tennessee in 1977 where he 
eventually graduated from the Baylor School for Boys in 
1984. He was awarded a Bachelor of Science degree in 
Biology from the College of William and Mary in 
Williamsburg, Virginia, in May of 1988. He entered the 
graduate program in biology at the College of William and 
Mary in September of 1988 and began work towards the 
degree of Master of Arts in Biology from that 
institution. Mr. Clark has been employed as a 
conservation biologist with the Virginia Department of 
Conservation and Recreation since September of 1990.


