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ABSTRACT

A significant bird hazard to aircraft occurs at times at
Port Hardy Airport through the presence of numbers of north-
ern bald eagles in the vicinity of the airport and its
approaches. This study investigated bald eagle abundance,
distribution, movement patterns, productivity and feeding
habits within the airport vicinity and satellite region.
Findings were analyzed in the light of comparable ecological
information available on the species. The study extended

from October 1972 to October 1974.

The resident summer and winter population within the airport
vicinity approximated 3 eagles. Numbers increased gradually
from late August until early November (when salmon were

spawning in the Keogh River) and when 1l eagles were contin-

uously present.

The maximum number of eagles at any one time was 35. Even a
relatively small spawning run of salmon was adequate to at-
tract the eagles and the very large runs did not attract

eagles in the same ratio.

Eagle numbers decreased from early November until the herring
spawning season in March and April when at least 5 eagles

were continuously present.

The potential hazard to aircraft, expressed as the maximum

number of eagle sightings and the number of eagles/® .-
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observed per hour, was greatest during the fall salmon spawn-
ing season and the spring herring spawning season for each

of the 5 observation areas within the airport viéinity. The
population within the study area (200-250 resident eagles)
was sufficiently large to dismiss a killing program, even

if this was socially acceptable.

Mean nesting density in the study area was at least .1 active
nest/lineal km of coastline with .2 active nest/lineal km

of coastline in the airport vicinity. Fifty seven per cent
of the nests failed but‘those that produced young averaged
1.4 young/nest. Five active hests were within the area of
airport activity and they did not differ in success rate or

fledged young per successful nest from nests more remote.

Statistical analysis of distribution data within the airport
vicinity revealed that eagle use was significantly greater
in the Keogh River mouth region and significantly lower in
the inland region than in the remaining observation areas.
The aggregatioh area along the KeoghliRiver in the sbutheast
flight path for runway 1028 presented the greatest hazard to
aircraft. Direct eagle flights across the flight path
occurred at frequent intervals in September and October and
were often at the same elevation as approaching or departing
jet aircraft. Since it is not likely that fhe behaviour of

the eaglescan be changed, ways of altering the flight paths

of the aircraft were considered so as to lessen the frequency



of interaction. This can be done by extension of runway
1028 (by about 610m) to allow approaching or departing
Boeing 737 jets to pass over, instead of through, the haz-

ardous zone above the Keogh River.
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INTRODUCTION

This is a study arising from the bird hazard £o aircraft
in the airspace over an éirport. To my knowledge it is
unique in that the hazard arises from the bald eagle

Haliaeetus leucocephalus alascanus, a bird regarded as

endangered over most of North America but abundant in the
vicinity of the study site - Port Hardy airportvon the

northern end of Vancouver Island (latitude 50043'12"N,

longitude 127029'10"W).

Birds have constituted a hazard to aircraft at airfields
in many parts of the world and there is an extensive lit-
erature on the problem with various solutions soﬁght and
tested. In general the approach to hazard abatement has
been to reduce the number of birds present'in the airport
vicinity (Pearéon, 1967). Many techniques have been tried
including shooting the birds (Solman, 1970); the use of
frightening devices such as detonators (Murton and Wright,
1968); flushing devices such as patrols of the airport;
model aircraft flown over the bird aggregations; and the
use of trained falcons (Solman, 1970). The most fruitful
general approach has been to alter the attractiveness to

birds of the airport and surrounding area.

The most effective solution to a bird hazard problem at an
airport can only be determined after the biological and

physical dimensions of the problem are known. The best



strategy, biologically and economically, is situation specific.
Thus, it is necessary to determine the species inVolved;

the numbers of individuals involved; the general size of

the population and the area from which it is drawn; the
seasonal and diel distribution of the bird activity in relation
to aircraft movement; the details of bird movement and agg-
regation; and the nature of the attraction which brings birds
to the area and thus governs not only their length of stay

but also their activity which creates the hazard.

In the present instance it was already known that the major
hazard species was the bald eagle, that it occurred in the
vicinity of the airport all year round but that numbers
changed with the biological cycle through the season. It

was also known that aggregations of eagles and their activity
were associated with the spawning of salmon in a river close
to the end of the main airport runway. This occurred between

the end of August and the end of October.

My study was designed to determine the details of the problem
as outlined above and provide a solution which preferably did

not involve killing the eagles.

Bald eagles have collided with aircraft at Port Hardy at least
twice during recent years. One of these strikes occurred in
the late fall of l975land involved a small twin engine plane.
The aircraft was landing at the time and struck the eagle

as it flew up from its perch at the edge of the runway. The



aircraft sustained no damage, but the eagle broke its wing.
A second collision occurred just prior to this study and
involved a Pacific Western Airlines twin engine Convair.
The strike occurred just above the runway, killing the
eagle and causing considerable damage to the wing of the
aircraft. Although strikes have been infrequent, they do
confirm the potential hazard to aircraft resulting from

eagle activity near the airport.



PART I THE STUDY AREA

The study area was centered upon the northern part of

Vancouver Island. Detailed observations were extended
over an area of 4,470 sg.km (1,726 sq.mi.) adjacent to
Port Hardy. The southern boundary was arbitrarily set
at latitude 50019'N kFig.l). The remaining boundaries

were established by the seacoast and adjacent islands.

In order to provide levels of detail required to gain an
understanding of the eagle population, the larger area was

subdivided into 3 smaller ones. These zones were:

1.1 PORT HARDY AIRPORT CONTROL ZONE

This zone, based upon criteria established to govern the
appfoach and departure of aircraft, was a circular region
with an 8 km radius centered at the airport control tower
(Fig.2). It included 20,332 hectares equally divided be-
twéen land and water. The zone consisted of a heavily for-
ested coastline area where eagles were numérous because of
the abundance of fiood and ideal nesting conditions. The
zone also included very productive sections of the Keogh
River in terms of salmon stocks and contained several baid
eagle breeding territories. In éddition to the Keogh River,
the Quatse and Tsulquate Rivers traverse the control zdne.

Bach supports a population of anadromous salmon and trout.

Since all air traffic within the zone must report and abide
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by Ministry of Transport regulations in approaches to and
departures from the airport, it was possible to obtain

details on flight paths used.

1.2 ©PORT HARDY AIRPORT VICINITY

The airport vicinity was defined as a circular region with-
in the control zone with a 3,811m radius and an area of 2,282
hectares (8.8 sg.mi.) centered at the control tower (Fig.3).
The airport vicinity was that part of the control zone with-
in which the flight paths of aircraft and eagles tended to
converge. It was small enough to allow comprehensive cov-
erage of eagle activity on a daily basis and included the
airport runways and all flight path clearings and thus the
areas of greatest bird hazard to aircraft. It contained the
tidal portions of the Keogh River within which salmon were
most concentrated and available. Almost the entire airport

vicinity was visible from the control tower.

1.3 REGIONAL STUDY AREA

In order to estimate the size and productivity of the eagle
population having potential access to the airport, surveys
were extended to a larger region from Port Alice in the south
to Telegraph Cove in the east, to Triangle Island in the west;
and in the nortk®tocCape Sutil (Fig.l). These boundaries
were arbritrary and based upon best judgement of myself and
others familiar with movement of eagdes in this area. De-

tailed surveys were conducted along the coast of Vancouver
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Island from Ledge Point near Port McNeill in the east, to
Cape Sutil in the north, to Cape Scott in the west, and
to the mouth of Colonial Creek near Port Alice in the
south. Islands adjacent to the northeast and northwest

coast of Vancouver Island were also surveyed in detail.

The lower reaches of all major rivers along the northeast

and northwest coast of Vancouver Island were included. The
land area adjacent to roads joining Winter Harbour, Holberg,
San Joseph, Port Hardy, Coal Harbour, Juene Landing, Rumble
Beach, Port Alice, Port McNeill, Beaver Cove, and Telegraph

Cove fdrmed another part of the area studied.

1.4 FAUNA

A knowledge of the fauna provides a view of the potential
prey animals available to bald eagles. I had spécial
interest in any local cdncentrations of food organisms or

any. physical conditions which might lead to the fquuent

or periodic availability of food in amounts likely to en-
courage the aggregation of numbers of eagles. 1In this\rejiew,
I have confined myself to thosei:species that offer potential

food sources for the eagle.

The bald eaglé often feeds largely by scavenging. Large
mammals are used by eagles as carrion. However, élthough
black bear, black-tailed deer, hair seals, northern sea
lion, and a variety of small whales are present, they are

widely distributed, are only sporadically available and are
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not a regular reason for eagle concentration near the
airport. Marine birds on the other hand do concentrate
between December and February in waters adjacent to the
airport, are hunted by eagles and appear to attract
eagle activity though I was unable to develop a statis-

tical expression of this effect.

Species concentrating were surf scoters {(Melanitta

perspicillata), white-winged scoters (Melanitta deglandi),

and greater scaups (Aythya marila).

It was not possible to estimate the biomass of bird

carrion available to eagles, or the distribution of dead
birds within the area. Theré was no indication of a
concentration of carrion near the airport that would attract
eagles. Eagles are known to hunt and kill diving ducks

and other marine birds.

The waters adjacent to the airport vicinity including the
Keogh, Quatse, and Tsulquate Rivers support a variety of
fish. The abundance of spawning salmon in the Keogh River
was of particular importance to the present study. Pre-
liminary research (L.G.L. Limited, 1973) indicated that a
close relationship might exist between bald eagle abundance,
distribution, and activity during the spawning season and
the availability of salmon as a food source in the Keogh
River. The Keogh is an important spawning river for pink

salmon (Oncorhynchus gorbusha Walbaum). In even years
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(ie. 1972, 1974, etc.), the number of pink salmon entering
the Keogh to spawn generally exceeds 75,000 and can be as
high as 150,000 (Zyblut, 1972). These numbers can account
for up to 10% of all pink salmon spawning in approximately
60 rivers and streams in the Johnstone Strait area (ibid).
In odd years (ie. 1973, 1975, etc.), the number of pink
salmon entering the Keogh is usually less than 10,000, but
on occasion may rise as high as 35,000 (Zyblut and Anderson,
1973). These regular fluctuations between even and odd
years are a direct result of the pink salmon's 2 year life

cycle.

Up to 3,000 coho (Oncorhynchus kisutch Waibaum) and 5,000

chum salmon (Oncorhynchus keta Walbaum) may spawn annually

in the Keogh River (G. Zealand pers. comm.). Chum salmon

serve as a food source to eagles. Eagles no doubt feed on
some coho salmon although I have no evidence to support
“this. |

The Quatse and Tsulquate Rivers alsd include important
spawning grounds for pink and chum salmon. The distribution
and abundance'of spawning salmon and their availability as

a food source to eagles is considered in 3.5.

Offshore waters included within the control zone support
important but diminishing concentrations of Pacific herring

(Clupea pallasii Valenciennes). Coho, pink, and spring

(Oncorhynchus tshawytscha Walbaum) salmon use this area as
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a schooling ground prior to the annual spawning migration.
These shallow waters along the coastline contain a large
variety of other fish, including many kinds of sculpins,
some of the flatfishes, seaperch, smelt, cod, and rock-

fish (Sebastodes sp.).

The Keogh and Quatse Rivers contain coastal cutthroat

(Salmo clarki clarki Richardson), dolly varden (Salvelinus

malma Walbaum), and rainbow trout (Salmo gairdneri -

Richardson) and also support an annual steelhead trout

(Salmo gairdneri Richardson) run.

The variety of coastal habitat within the control zone,
along with a marked variation in exposure, supports a
diverse assemblage of both intertidal and subtidal faunal
communities. Univalve and bivalve molluscs, and echinoderms
predominate in the inter-tidal zone of the sandstone shelves
and rocky coastline, while bivalves and crustaceans are
abundant along the gravel and sand beaches. The‘importance
of marine invertebrates as a food source is discussed in

section 3.5.
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PART 2 STUDY METHODS

2.1 STUDY PERIOD

The two-year study period began on 28 October 1972 and
terminated on 31 October 1974. This period included 3
consecutive salmon spawning seasons. The author spent

a total of 111 days in the field collecting data. Trips

to the study area during 1972, 1973, and 1974 covered

every month, with concentration during the autumn and
winter period wherein eagles were most numerous invthe
airport vicinity. The majority of data collection occurred
between February and October 1974 when 19 trips, covering

every month, were made into the study area.

2.2 CONTROL TOWER OBSERVATIONS

The Port Hardy airport control tower provided an ideal
vantage point from which to observe eagle activity within
the control zone. Adult and immature birds could normally
be distinguished within 1.6 km.of the tower. Under favour-
able cénditions, eagles could be sighted within 4.5 km of

the tower.

The first careful documentation of eagle activity within the
contrél zone covered the period from October 1971 to May 1972.
Eagle sightings were recorded in a log continuously from
October 28, 1972 until October 31, 1974. Data recorded in-

cluded the date, time, location, activity, weather conditions,
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number of eagles and their age category. A rating scale
was developed whereby light activity was defined as 1 to
2 eagles observed during an 8 hour period, moderate as
3 to 5 eagles, heavy as 6 to 10, and extensive as more
than 10. From May to October 1972, only unusual sight-

ings were recorded by control tower personnel.

2.3 GROUND SURVEYS

Systematic ground surveys were carried out to determine
bald eagle abundance, distribution, feeding behaviour,
and other activity patterns. Other factors, such as nest
sites and the salmon spawning sequence, were documented
concurrently. Ground surveys were made on foot and by

vehicle. Three ground survey areas were delineated.

2.3.1 Airport Vicinity

The airport vicinity, which received the most
comprehensive surveys, was divided into 5 observation areas
of comparable size as shown in Figure 4. During each trip
to the study area an attempt was made to survey all obser-
vation sites using predetermined routes. The amount of time
spent in each area varied according to aifcraft travel through
that area. Coverage was greatest in those areas which were
most frequently used by jet and other aircraft. Jet approaches
and departures were restricted to runway 1028 (area 2)(Fig. 3)

and the corresponding flight paths in areas 1, 3 and 4. Area
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5, located inland and not utilized by jets, received the
least coverage. Observation points and viéwing procedures
were selected for each survey route. Seventy-five percent
of the airport vicinity could not be viewed from the ground

because of tall trees.

Eagle sightings were recorded either in fieid note books

or on tape. Data included standard information plus activity,
ldbcation, and af times estimates of altitudes although the J
latter were difficult to approximate accurately. An estimate
of the minimum number of adult and immature eagles continuously
frequenting the airport vicinity was made following each
ground survey. This estimate was arrived at by taking the
total number of sightings and allowing for repeat sightings
of the same birds. This was accomplished by considering

the total number of eag;es in any area at any one time,
individual characteristics (eg. absence of certain primary

or tail feathers, coloration patterns, etc.) and the observed

movement of the same birds between different areas.

The poténtial hazard to aircraft arises primarily from the
number of eagles in the airport vicinity, the number of eagle
flights. per day across runways and their approaches, and the
altitude of these flights. In an attempt to assess this
hazard, the maximum number of eagle sightings in each of the
5 observation'adreas<was recerdaddgd. Each eagle flight across

the observation area was regarded as a separate observation
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whether or not the same birds were involved. Thus this
figure is a product of eagle numbers and their flight
frequency. My concern was with potential contacts between

eagles and aircraft.

In order to provide a standard measurement of eagle abundance
for any of the 5 observation areas at any time (and of
cumulative activity:zin the air over the airport), the number
of eagles/sightings observed per hour of observation time

was calculated for both the minimum number of eagles and the
maximum number of eagle sightings. This was accomplished

by dividing the number of eagles/sightings observed in-an
area by the number of hours spent observing in that area.
This standard measurement was applied to the monthly totals
of the minimum number of eagles using the airport vicinity

as outlined below:

No. of eagles observed/hr./area = A + I + U

T
where A = no. of adults/area/month
I = no. of immatures/area/month
U = no. of unknown/area/month
T = total observation time/area/month

The maximum number of eagle sightings made per hour ©on a daily
basis was determined using the formula given above by sub-

stituting total sightings for the number of different individuals.
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In order to identify\aggregation areas within each observation
area, the location of individual eagles when first observed
was plotted 6n a daily basis. Areas with sighting frequenc}es
(sightings/day) at least 5 times that occurring in the re-
mainder of the observation area were delineated as aggregation
areas. Composite maps were prepared for the fall of 1972 and
1973, the first 8 months of 1974, and the fall of 1974. A

similar method was used throughout the remainder of the study

area to identify important areas of use.

Blinds were constructed and used for observations near the
mouth of the Keogh River and in the southeast flight path

for runway lOZé. All nest trees adjacent to the airport were
examined in detail. Nest tree data included location, species,
tree height, height of nest, distance from coastline, and

food remains at the base of the tree.

2.3.2 Control Zone

The airport control zone (excluaing the airport vicinity)
served as the second major ground survey area. Foot patrols
were carried out in the Quatse River area; the Keogh River area,
and along the coastline from the airport to False Head. All
roadways within the control zone were included except for one
short restricted logging road. An attempt was made to patrol
all major roadways during each trip to the study area. Data
were collected and recorded using the technique outlined in

2.3.1.
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2.3.3 Regional Study Area

The.regional study area (excluding the control zone)
comprised the remaining ground éurvey area (4,267 sq. km).
It was regarded as potentially important as a source of
eagles moving into the airport area. Data werevcollected

and recorded using methods outlined in 2.3.1.

2.4 BOAT SURVEYS

Boat sur&eys were conducted along coastal regions in the control
zone and regional 'study area and consisted of travelling
parallel to the shoreline at a distance usually varying from

100 to -300 m. This method allowed a careful surveillance

of the coastal regions for bald eagle nests and eagle activity.
Boat surveys extended over 470 km representing 62% of the

total coastline within the regional study area. The remaining
28% was too exposed for small éraft access and was surveyed

only by air.

2.5 AERIAL SURVEYS

Aerial surveys were conducted in both the control zone and
regional study area by flying parallel to the coastline a
short distance offshore at an elevation of approximately 100 -m
above sea level. This method allowed a careful examination
for bald eagle nests and eagle activity. Aerial surveys were
conducted onrat least 1 day of each month in 1974 from April
through August to determine nesting success. The possibility

of detrimental effects upon eagle productivity resulting from
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disturbance created by near passage of a helicopter was a
consideration which limited the collection of data on pro-=

ductivity and nesting success to certain areas.

2.6 MARKING AND TELEMETRIC PROJECTA

An attempt was made to capture, band, mark for visual rec-
ognition, and release eagles frequenting the airport region
in order to obtain details on distances the airport was

drawing in known birds.

The numbers requi¥ed to gain useful results and the difficulties
in capturing forced abandomént of this approach. For the

same reasons, attempts to use radiosondes . attached to eagles

in order to improve data on eagle activity patterns had to be

abandoned.

2.7 FOOD RELATIONSHIPS

Seasonal feeding habits and the availability of food to bald
eagles were recorded throughout the study period. These studies
were part of an investigation to determine the environmental
factors that attract eagles or facilitate their use of thé air-

port control zone.

Data on feeding habits were based upon direct observations, nest
contents, and analysis of food remains at the base of or ad-
jacent to nest trees. Seasonal food habits could not be
determined by stomach analyses because the birds could not be

shot. All sightings involving feeding activity were recorded.
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Thorough checks for remains of food items were carried out
near the base of 10 out of the 17 nest trees in the control
zone. Three of the 17 nest trees were climbed. All 17
nests (9 of which were active in 1974) within the control
zone were examined carefully by helicopter. Food items

contained within each nest were recorded.

The availability of fish, birds, and other food items was
documented seasonally as outlined below. Emphasis was placed
on spawning salmon because of their importance in the diet.

of bald eagles within the study areé. Annual stock escapements
were recorded by Federal Fisheries personnel for pink, chum,
and coho salmon to all spawning rivers within the control zone.
In addition, i made regular patrols along spawning channels

to determine the approximate number of spawhers and pre-
spawners (using methods similar to those proposed by Sheridan,
1962), the stage of spawning, and the condition of spawners

for each species. A number of patrols were conducted in
conjunction with the Federal Department of Fisheriés. River
1evels were recorded regularly during the salmon spawning
season. The concentrated schooling of salmon prior to upstream

migration was also documented.

The presence of Pacific herring (Clupea pallasii) was documented

in Beaver Harbour duriﬁg the spring spawning period. I made

ho attempt to assess the availability of other species of fish.

Occurrences of large numbers of sea birds within the airport
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vicinity were recorded as potential food sources.

2.8 FLIGHT PATH RECORDING

The approach and departure flight paths of Boeing 737 air-
craft at Port Hardy airport were documented during 1973

and 1974. Recordings were made both in-flight and on the
ground. This project was undertaken to permit determination -
of the areas wherein aircraft approach and departure paths

were congruent with eagle flight paths.

Three methods were used to documént fiight path regimes.

The first and most precise involved recording altimeter
readings during approaches and departures at various distances
from the airport. Distances were determined by noting the
exact location directly beneath the jet at the time of each
altimeter reading. Data from this method wefe collected by

the author when observing from the cockpit during 16 approaches

and 4 departures.

The second in-flight method involved recording altimeter read-
ings at various distances from the airport as shown by a

range instrument in the cockpit. This method was used during
3 approaches at some distance from the airport when it was

impossible to fix an exact location by ground reference.

The third method consisted of estimating altitudes from the
ground as the jet passed over predetermined locations during

9 approéches and 5 departures. An approaching and a departing
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jet were photographed as they passed over these locations and
the actual altitudes were subsequently determined from the

photographs.

Ascent and descent patterns varied due to factors such as fuel
loads, passengers loads, weather conditions and it was necessary

to document this wvariability in flight paths. 

A number of approaches and departures were monitored both on
the ground and in flight without recording altitudes. Instead,

flight path routes were recorded as well as any eagles observed.
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PART .3 RESULTS .

3.1 ABUNDANCE

Accurate numerical information on numbers, distribution, and behaviour
of eagles adjacent to the airport is essential not only to document the
extent of the potential hazard but also to provide the baseline agaihst

which the results of possible mitigative actions can be measured.

3.1.1 Airport Vicinity

The average number of eagles sighted/day (on a monthly basis) from
the control tower on or near runways and their épproaches from October,
1971 through October, 1974 is graphed in Figure 5. Figure 6 shows the
minimum number of édults and immatures continuously frequenting the airport
vicinity and their total from July, 1972 to October, 1974,A (excepting
January through August, 1973 when the author was not in the field). The

minimun nutber of eagles was determined using the method outlined in 2.3.1.

The "resident' sumer and winter eagle population within the airport
vicinity approximated 3 individuals (2 adults, 1 immature) during the study

period. Thus the major hazard resulted from immigrant birds.

While the muber of eagles present is an important part of the bird hazard
ﬁroblém, the hazard itself arises from eagle éctivity across the flight path
areas. The maximum ﬁumber of eagle sightings/hr. for any given day (as

' defined in 2.3.1) for each observation area during the period October 1972

through October 1974 is given in Fig. 7.
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These data show the frequency of eagle occurrence within

each area and suggest that use was generally greatest during

the fall salmon spawning season and the spring herring spawn-
ing season. Fall values peaked at 14.0/hr. in November 1972,
18.5/hr. in September 1973, and 18.0/hr. in October 1974. |

Spring values peaked at 21.0/hr. during March and April 1974.

Successive counts from the 1972 salmon spawning season were
averaged (September through December; 4.8 sightings/hr) and
compared statisticaliy with average counts from the winter of
1974 (January through February; 2.1 sightings/hr.), the.spring
herring spawning season of 1974 (March‘through April; 5f0
sightings/hr.), and the summer of 1974 (May through August;

33 sightings/hr.) to reveal significant differences between
seasons. The null hypothesis adopted assumed a mormal abun-=
dance fer all 4 seasons (HO:ul¥u2=u3=ﬁ4) at the p= .05 and

p= .10 confidence levels. Seasonal abundance values were

compared using the student's t distribution formula

- - - .
% t S LuL o t-_ s

where u = population mean,

S sample standard deviation, and

student's t variable.

t
Abundance values lying outside of the range determined by the

above relationship were considered to be significantly different.

Winter abundance during 1974 was significantly different
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(ie. lowef) from all other seasons and abundance values
from the fall of 1972 and spring of 1974 were significantly
different (ie. greater) from summer and winter values at
the p = .10 confidence level but not at the .05 level.

Accordingly, H0 was rejected.

The number of eagles, known to be different individuals,
observed per hdur for each of the 5 observation areas, was
also greatest during the fall and spring. Average sightings
per hour on a mdnthly basis reached 5.8 for'area 2 in
November 1972, 4.2 for area 4 in October 1973, and 21.0 for

area 3 in April 1974.

3.1.2 Control Zone

Age-specific abundance data determined during 1974
boat surveys are presented in Fig. 8. Control zone abundance
appeared to be highest in spring and summer. Eagle numbers

peaked in March when 28 individuals were observed in 1 day.

3.1.3 Regional Findings

Observations recorded during ground, boat, and aerial
surveys indicated that the resident bald eagle population

within the regional study area numbered between 200 and 250.

During 1974, 196 individuals were noted during aerial surveys
(163 adﬁlts, 23 immatures, 16 unknowns) and 109 dﬁring boat
surveys excluding Quatsino Narrows (70 adults, 23 immatures,
16 unknowns) . The resident pppulation appeared to be composed

primarily of adult birds as evidenced by the above observationsy
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83% of the eagles sighted during aerial surveys and 643%
during boat surveys were adults. However, aerial surveys
were biased for adults since they concentrated on nests
attended by adults. Boat surveys were not biased for-
adults or immatures and hence gave the most reliable age

ratios.

Results from 5 separate boat surveys of Quatsino Narrows
from April 22 - 30, 1974 yielded an average of 96 eagles
with a range from 35 to 133. The 2 largest counts of 130
and 133 are likely a reliable indication of the total con-
centration at the time. Immatures were more abundant than
adults in this groupingﬁpreppesentiﬁg:atfléastﬁ54%lofvallz
age-specific sightings. A(This was to be expected since
many adults were incubating eggs or establishing territories

during this period).

Eagles observed at Quatsino Narrows represented not only the
small resident population but more importantly, a gathering
of eagles from adjacent regions, particularly Quatsino Sound
and the adjoining #nlets. This gathering represented only a
portion of the population within the regional study area.

At least 58 additional eagles were observed on both the east
coast (Goletas Channel) and the west coast (Quatsino Sound
and adjoining inlets) of Vancouver Island during the time of

the Quatsino Narrows surveys.
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3.2 DISTRIBUTION AND AIRCRAFT HAZARD

In order to document areas of significant hazard to aircraft,
it was necessary to determine the seasonal distribution of
eagles near the airport and compare this with the flight
paths used by approaching and departing jets. Furthermore,
in order to idehtify the source of local concentrations it
was necessary to investigate bald eagie distribution through-

out the regional study area.

3.2.1 Airport Vicinity

Control tower observations indicated continual eagle
use of the airport vicinity from October 1971 through October
1974 with 5 areas of preferred use depending on the season:
1. airspace directly over and adjacent to the
runways and infield;

2. runways (especially near intersection of
1028 and 2507); ‘

3. Thomas Pt. area;

4. coastal region from Thomas Pt. to the mouth
of the Keogh River; afid

5. mouth and lower reaches of the Keogh River.

Eagle use of the airspace over and adjacent to the funways

and infield was continual throughout the year with greatest
activity occurring during spring and fall when more than 6
eagles were often recorded at a time. Eagles were ﬁost often
observed perched on the runways during the fall. Up to 6
eagles at a time were seen during this time of the year. Eagile

use of the Thomas Point area, as determined by control tower
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observations, was greatest during the spring and summer
when at least 3 eagles were often seen soaring in the area.
The coastal region from Thomas Point to the mouth bf the
Keogh River was usediregqlarly as a travel route. Its
importance to eagles’was greatest during the summer and
winter when their diet was composed primarily of marine
fish, birds, and invertebrates in the absence of spawning
salmon and herring. Eagle.use of the mouth and lower reaches
of the Keogh River was by far the greatest du;ing the fall
in conjunction with the salmon spawning season. Up to 12
eagles were often observed soaring in the area near the

peak of the pink salmon run.

It was thought that seasonal distribution would be reflected
in sightings/hr. (Fig. 7) for each of the 5 observation
areas. These data were subjected to the studentls t test
between areas. and between seasons to reveél significant
differences. Successive counts from each observatdion area
during the 1972, 1973, and 1974 salmon spawning seasons
(September through December) were averaged and compared with
counts from each of the observation areas during the winter
of 1974 (January through'February), the spring herring spawn-
ing season of 1974 (March through‘April), and the summer of
1974 (May through August). Similarly, counts between ob-

servation areas during the same season were also tested.

The average abundance values and standard deviations for each
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of the 5 observation areas during 11 4 seasons were cal-
culated to be 3.4 sightings/hr (s = 1.2), 2.5 sightings/hr

(s = .2), 4.4 sightings/hr (s = 2.5), 3.3 sightings/hr

(s 1.5), and 1.1 sightings/hr (s = .7) for observation
area 1, 2, 3, 4 and 5 respectively. The average abundance
values and standard deviations for all 5 observation areas

during each of the 4 seasons were calculated to be 3.3

sightings/hr (s 1.4), 1.8 sightings/hr (s = .7), 3.7
sightings/hr (s = 2.6), and 2.8 sightings/hr (s = 1.8)for

the fall, winter, spring, and summer respectively.

The null hypothesis adopted assumed a normal distribution
for all observation areas and for all seasons at the p = .10
confidence level. Average abundance values during all 4

seasons for observation areas 3 and 5 were significantly
different (ie. greater and lower respectively) than those for
the remaining 3 observation areas. Average abundance values
for all 5 observations areas during the winter and spring of
1974 differed significantly (ie. lower and greater respectively)
than those recorded during summer and fall. Accordingly, H

0

was rejected.

Aggregation areas within the airport vicinity which coincided
with flight paths of approaching or departing jets created

a significant hazard. Minimum sightings plotted on a daily

basis for the fall of 1972, 1973 and 1974 indicated 2 aggregation
areas; one in observation aréa 3 and the other in observation

area 4 as shown in Fig. 9% The aggregation area in observation
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August 1974.
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area 3 was centered upon the mouth of the Keogh River and
the édjacent coastline. This area of eagle activity was
located approximately 800 m directly off the‘east end of
a runway not used by jets and therefore did not present a

major hazard.

The aggregation area in observation area 4 was locéted with-

in the flight path for runway 1028 in the vicinity of the

Keogh River. The availability of salmon at shallow rapids

and pools, the open nature of the flight path, and the

excellent view from tall trees along the clearing lines, all
contributed to prominent eagle use in the area. Thié'aqqregatidnr
presented the greatest hazard to aircraft of any since it was
located in an active flight path a very short distance (<700m)
from the end of runway 1028, the only runway used by Beeing

737 gets.

Eagle activity in this area was strongly influenced by the
availability of spawning salmon which was controlled by time
of year and river stage. Direct flights across the flight
path occurred continually from September through October and
were often at the same elevation as departing or approaching

jet aircraft.

Results from jet flight path recording exercises outlined in
section 2.8 are presented in Figs. 10 and 17. These findings

indicate that approaching and departing jets were flying directly



Figure 10, Boeing 737 jet approach pattern to runway 1028 from the'southeast.
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through the hazardous zone above the Keogh River. This

led to a near-strike incident in late September 1973 when
the pilot flying a jet departing towards the southeast had
to take evasive action to prevent_a collision with several

eagles circling above the Keogh River.

The majority 6f autumn eagle activity (approximately 80%)

in the flight path consisted of direct flights above the

river. . Avérage flight -elevation: appeared to’ vary in response-to water level
‘mminuﬂxx,aﬁéahnxupfeaﬂt.e; Figure 11 gives a frequency

curve of eagle flight altitudes over the Keogh River during

the fall of 1972, 1973, and 1974. Most flights occurred
between 2 and 60 m. Flights were most frequent at approx-
imately 40 m above the river which coincided with the
approximate altitude of approaching jets when over the river

(Fig. 10). Additional data on flight patterns are presented in 3.6.

Increased salmon abundance and availability resulted in a
decrease in the average elevation of direct flights, extended
perching near tops of tall trees on both sides of the flight
path, and frequent perching along the river bank especially

during low water conditions.

Soaring often occurred high over the river when clear skies
prevailed along with brisk southeast winds and cool temperatures.
Soaring was observed up to 250 m which marked the upward limit
of the aggregation area above and adjacent to the Keogh River

(Fig. 17).
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An area of moderate use was fecorded élong the lower reaches
of the Keogh River excluding the flight path ciearing and
river mouth. This linear region received regular useage
during the fall but substantially less than in the flight
path or at the river mouth. Eagle activity in this parf of
the airport vicinity did not coincide with jet flight paths

and therefore did not present a hazard.

Aggregation areas identified by plotting minimum sightings on
a daily basis from February through August 1974 occurred in
both observation areas 1 and 3 as shown in Figure 9. Eagle
concentration in observation area 1 was near Thomas Point

and did not present a major hazard to aircraft since it-was

removed from the northwest flight path for runway 1028.

The aggregation area in observation area 3 was located just
southeast along the coastline from the mouth of the Keogh
River. Eagle use at this location was concentrated around
a successful nest and presented a minor hazard to aircraft

since it was adjacent to the east flight path for runway 1028.

An area of moderate use was recorded along the coastline in
observation area 2. This region was employed regularly through-
out the year as a travel route. Eagles flying to and from

the coastline over runway 1028 presented a hazard to landing

and departing aircraft.



3.2.2 Control Zone

Eagle distribution in the contrel zone falls into 2
categories on a year-round basis. During the nesting season,
all but a few adult eagles were at their nesting territories;
They spent almost all of their time at these sites and
usually did their feeding within 3 km of the nest. During
this period, immatures were present in small numbers and

were dispersed apparently at random along the coastline.

During the non-nesting season (ie. August through March),
eagle distribution was primarily regulated by the location
of readily available food sources and coastline locations

offering vantage points.

Aggregation areas determined from ground, boat, and aerial
surveys during 1972, 1973, and 1974 are shown in Figure 12.

Oonly 1 area presented a significant hazard to aircraft since
the eagles generally moved at elevations below aircraft traffic.
The exception was the céastline from Pillar Point to False Head
along which low flying aircraft regularly travelled to'and

from nearby settlements to the southeast.

3.2.3 Regional Findings

Six sub-areas were delineated within the regional study
area for assessment of distribution: Quatsino Narrows and 5

relatively homogeneous physiographic regions.(Fig. 13).

There was a concentration of bald eagles at Quatsino Narrows
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Figure 12. Aggregation areas within the control zone based on results from
ground, boat, and aerial surveys during 1972, 1973, and 1974.
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during the latter part of April 1974. At least 130 eagles
were‘observed using the Narrows over a 3 day period which
represented approximately one half of the total estimated

population inhabiting the regional study area.

The distribution of eagles throughout the remainder of the
regional study area was expressed in the form of composite
maps combining the locations of individual eagles when first
observed during gfiound, boat, and aerial surveys. All regions
were surveyed during the nesting season from April to August
except for the Scott Islands and the northwestern tip of

Vancouver Island which were surveyed during October.

Results from such surveys showed that eaglés were normally
located within nesting territories or'concentrated at feeding
locations. Three aggregation areas were reéorded during the
early part of the 1974 nesting season. The first was centered
on the northwest corner of Hurst Island while the second was
located ¢on the east side of Nigei as shown in Figure 13. The
third aggregation area, which attracted by far the, K greatest
number of eagles, was located at Quatsino Narrows as described

above.
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3.2.4 Comparison Between Areas

In order to compare seasonal distribution between
different parts of the study area, distribution as expressed
by the number of eagles recorded per lineal km of coastline
was determined monthly where possible for the control zone,
Quatsino Narrows, and the 5 areas comprising the remaining

part of the regional study area.

Each of these‘5 areas was characterized by a relatively
homogeneous coastline, topography, and degree of exposure
(Fig. 13). They were designated as: &area A, the northeast
coastline from Ledge Point. near Port McNeill to Cape Sutil
(most ﬁortherly point on Vancouver Island) exluding the
airport control zone but including.the largest of the Pearse
Islands, Cormorant Island, and part of Malcolm Island;

area B, the islands forming the north side of Goletas Channel;
area C, the northwestern tip of Vancouver Island from Cape
Sutil to Cape Scott to Cape Parking; area D, the Scott Islands
including Triangle Island; and area E, Quatsino Sound and the

adjoining inlets.

Seasonal distribution results (as expressed by the number df
eagles recorded per km of cqastline) for the control zone,
Quatsino.Narrows, and the remaining 5 areas within the regional
study area during 1974, are given in Table 1. All regions,
except areas C and D, were covered by both boat and aerial

surveys. Eagle density was greatest in Quatsino Narrows during
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Table 1. Seasonal distribution of eagles within the study area as.
expressed by the average number of eagles recorded per lineal

km of coastline during 1974 boat and aerial surveys,

LOCATION FEBRUARY MARCH APRIT,
A I U T A I U T A I U T

Control * %
Zone OBE 11 o2 .39 .95* 65 b7 2,07 .15 .08 .op .23
Quatsino . : * * *
Narrows (h.62)4L.38) 2,69 (11.69)
Vancouver : .
Island: . . . . ) *
a. . : _ 21 00 .21
b. - .57 .35 .12 1.0k
o . | .
d. :
e. 21 Loh .08 .33
TOCATION MAY - JUNE JULY

A I U T A I U T A I .U T
Control * . * - *
Zone' wop 0 0 o7 .30 .06 0 .36 .43 (0D .OT _ .5T
Quatsino’ % *
Narrows: .18 0 0 .18 .15 (159 O .30
Vancouver
Island: . o N
a. 3D 12 .02 .51 .27 .08 00 35 23 .15 .30 .68
b, T LS O .01 66 (1.0 (39 .13 (1.56)
C., . N
e. 21 030 0 - ok 0B 08 0 (16)
IOCATION - AUGUST SEPTEMBER OCTOBER

A T U T A I 8] T A I U T
Control * % % -
Zone 21 .12 .08 .41 ,03 .03 O 06 1) 00 0 LAy
Quatsino
Narrows (W1 hu O (.82)
Vapcouver ‘
Island: * ~ *
a. , o 07 O 11
b. '
c. : : .09 0 0 .09
d. .06* o3 O .o%
e. .08 1k 0 .22 o1 6§ 0 oD

NOTE: All values are based on the greatest daily total of the minimum
number of eagles (as defined in 2.3.1) for any given segment of

coastline.
KEY:
Vancouver Island:

A - adults a. N.E. Coast

I - immatures b, N.E. Islands
U - unknowns c. N.W. Coast

T - total d. Scott Islands

e Quatsino Sound

"% . .significantly different between months at .05 significance level for a
'~ gilven age class or their total. . g
(),,,significantly different between locations within same month at ,05 level
for a given age class or their total, _ . o
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April, when an average of over 1l eagles per km of coastline
was recorded. The next highest density was registered in
the control zone with an average of over 2 eagles per km of
coastliné. Eagle densitvaas also high in area B during
April and July, when averages of over 1 and 1.5 eagles per
km of coastline respectively were recorded. The lowest
eagle density was documented during October in part of area

E with an average of only .0l eagle per km of coastline.

Distribution data frbm Table 1 were tested statistically
through both a 1 - factor and a 2 - factor analysis of

varianee to reveal significant location and monthly differences.
The distribution data of unaged birds as a category was not
compared between months or locations but these data were in-
corporated into the total monthly values for each location.

The null hy?othesis adopted for both analyses assumed a normal

distribution of eagles aloﬁg the coastline at all locations

and at all times at the .05 significance level (HO: U = u, =
U3 T Uy T Mg = U = Ul

The 1 - factor analysis of variance involved calculation of
monthly distribution means (3)-"@nd 'sample. standard deviations
(s) for adults, immatures, and their total at each of the 7
locations. Distribution values lying outside of the range
determined by the relationship x % 1.96 s/ #¥n were determined
to be significantly different between months (Table 1). Like-

wise, the distribution>means and standard deviations for adults,
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immatures, and their total were calculated for each month
(where possible) and inserted into the above relationship'
to reveal significant differences between locations within

the same month (Table 1).

Thirty five percent of the distributions compared between
months were significantly different causing rejection of

the null hypothesis and confirmation of significant seasonal
differences within all locations except areas C and D which

were surveyed only once.

Thirty one per cent of the distributions compared between
locations within the same month were significantly different
causing rejection of the null hypothesis and confirmation of

significant distributional differences between locations.

The 2 factor test was conducted in order to simultaneously
make inferences about the unexplained variation in both
monthly distributions for the same location and location
distributions for the same month. The analysis was limited to
a comparison of total distributions between April and June
since these were the only months dén which data were collected
from all locations with the exception of areas C and D which
were surveyed only ohce. A 2 - factor anova table was con-
structed to determine the sample mean (x) for each factor
(ie. month and location), the grand mean (;),‘the sum of
squares for each facfor (fZZ(xl - §)2) and their total, the

error sum of squares, and the mean and error mean squares.
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Two values of the F statistic were calculated, 1 for the month
factor (F=.65) and 1 for the location factor (F=.91), by
dividing the appropriate mean square by the respective error
mean square. To determine significant difference in the
distribution results, the critical value for 1 numerator

and 4 denominator degrees of freedom was taken from a standard
F distribution table and compared with the calculated values of
F. Both calculated values of F (.65, .91l) were greater than
the F‘05 value from the table (7.71) resulting in a failure

to reject the null hypothésis. The test failed to yield a

conclusion except that additional data are needed to arrive

at a decision regarding the null hypothesis.
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3.3 ABUNDANCE AND'DISTRIBUTION OF NESTS

Since the number of eagles using the Port Hardy area depended
in part on the number of nesting pairs along the»adjacent
coastline, it was necessary to examine this and to search for
any patterns of nest distribution which might indicate po-

tential densities.

3.3.1 Airport Vicinity and Control Zone

Eighteen nests were found along the 40 km of coastline
with an average of .5 nest/km of coastline. The locations of
nests and their state of use during the 1974 nesting season
are shown in Figure 14. Table 2 outlines the distribution of
both active and inabtive‘nests within the airport vicinity,
control zone, and regional study area. The airport vicinity
and control zone supported .2 active nest/km of coastline with

an average inter-active nest distance of 2.2 km.

During the 1974 nesting season, the average direct distance
between any active nest and the closest active nest was 1.9

~km with a range from 1.2 km to 2.5 km.

All nest trees were located within a short distance of the
coastline. The 5 nest trees on the islands of Beaver Harbour
tended to be closer than the remaining 12 nest tfees on the

coast of Vancouver Island. The average distance of all nests

from the coastline was 102 m with a range from 3 to 309 m.

3.3.2 Regional Findings

Ninety nine bald eagle nests were located in the regional
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Ficure 14. Nest located within the airport control zone and
their state of use during the 1974 nesting season.
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study area of which at least 34 were active. Table 2

outlines the abundance and distribution of both active and
inactive nests during.the 1974 nesting season. The north-
west coastline (area C) and the Scott Islands (area D) were
surveyed in October following the 1974 nesting season and
therefore the number of active nests was not determined.

Nest distribution was fairly even throughout area C except

in the San Josef Bay region where there was a notable absence
of nests despite many kilometers of coastline. Within area

D, nests were evenly distributed on Lanz Island but were
concentrated along the west and south shoreline of Cox Island.
Nest distribution was fairly even throughout area E except
for Holberg Inlet where only 1 nest was located along 81.3

km of coastline and Quatsino Narrows where 4 nests were
situated along only 13.0 km of coastline. In total, 116 nests
were located along the 736 km of coastline within the entire

study area. The average inter-nestllinear distance was 2.6 km.

It was not possible to accurately delineate the actual size or

shape of any established territory during .the present study.



Table 2. Abundance and distribution of active and inactive nests within the study
area during the 1974 nesting season.

No. of Nests/km No. of Active Active Nests Average Distance

Brea Length of
Coastline Nests Nests /km Between Active

(km) Nests
Control Zone 40.0 18 .5 9 .2 2.2
Mouth of Keogh 7.4 6 .8 2 .3 1.3
S.E. Boundary '
Vancouver Island 28.2 12 .4 7 .2 2.3
Coastline
Vancouver Island 736.0 116 .2 - - -
Component ,
Area A 98.4 25 .3 7 . .1 4.0
N.E.Coastline
Area B 117.3 18 .2 8 .1 4.8
N.E.Islands :
Area C 113.8 15 .1 - - ' -
N.W.Coastline
Area D 36.4 9 .2 - - -
Scott Islands
Area E 336.0 31 .1 10 .03 7.9

Quatsino Sound
& Adjoining Inlets

_Eg_



3.4 PRODUCTIVITY

The annual recruitment to the bald eagle population was est-
imated within the control zone and regional study area. This
information was of particular importance for the airport

vicinity and control =zone, where the occurrence of additional

eagles increased the potential hazard to aircraft.

3.4.1 Airport Vicidity and Control Zone

Table 3 shows the state of the nests, whether active,
~inactive, successful, or unknown during the 1974 nesting
season. The term "active" was used to describe those nests
containing adults in incubating posture during April.
"Inactive" described those nests which did not contain in-
cubating adults and those which were evidently in a s&ate of
obsolescence. "Successful" referred to those nests which
produced young.

Nest abandonment was calculated using the equation,

Nest abandonment = (Ta - Ts) X 100%
Ta

where Ta is the total number of active nests and Ts is the
total number of successful nests. Nesting success, defined
as the average number of birds raised per successful nest,
and nest abandonment are given in Table 3. Nesting success
and nest abandonment within the airport vicinity and control

zone did not differ significantly from the regional study area.
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Table 3. State of eagle nests, nesting success, and nest
abandonment within the study area during the 1974 nesting

season.

No.of No.Active No.Inactive No.Unknown No.Nesting No.ofSuccessful. No. of
Nests Nests Nests Nests Pairs Nests Young Fledged

A. Airport Vicinity and Control Zone

17 9 8 0 9 4 6

B. Regional Study Area

99 24 41 34 - 24 10 12
Average Nesting Success Average Nest Abandonment
1.35 young/nest 56.9%

Nine of the 17 nests located within the airport vicinity and control
zone during 1974 were active. Of the 9 active nests, 4 were
. successful, namely nests 1, 2, 10 and 12 which produced 2, 2, i,

and 1 young respectively (Fig. 14).

It will take a more extended study than the present one to
determine the significance of this level of fledgling young on
the potential hazard to aircraft at the airport. Nest 12 was
situated between 2 flight paths and less than 1 km from the
airport runways. It can be concluded that established nests were
successfully producing young and that proximity to the activities
of the airport was not inhibiting success. These young were

thought to remain in the area until late fall.
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Since only 1 fledgling in the control zone was marked and only
1 radio-tracked, it was not possible to accurately determine
‘the contribution of locally raised birds to the annual fall
assemblage of eagles around the airport. However, this con-
centration was composed primarily of immatures and most likely
included control zone offspring. Immatures comprised an
average of 62% of the eagles concentrated at the Keogh River
during the fall of 1972, 1973, and 1974 and were abundant at
other salmon rivers along the north coast of Vanéouver Island
at the same time. This compares with a proportion of immature
to adult eagles of 33% for the total population &f the study

area.

3.4.2 Regional Findings

Table 3 shows the state of the nests as well as nesting
success and nest abandonment within the regional study area

during the 1974 nesting season.

The annual recruitment to the eagle population throughout the
regional study area was estimated to be approximately 18 young.
This calculation was made by expanding the inactive/active/
"successful nest ratio to include unknown nes£s. Some of these
yioung birds likely move to the Port Hardy airport during spring
and fall and thus increase the potential hazard'to aircraft.
However, the contribution of birds raised in the regional study
area to the annual spring and fall concentration of eagles around

the airport could not be determined.

Clutch size was determined for a number of nests in isolated
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areas where disturbance other than that created by counting
eggs was minimal or non-existent. Productivity in terms of
the number of young fledged compared to the number of eggs

laid is given in Table 4.

Table 4. Productivity of selected eagle nests within the

regional study area during the 1974 nesting season.

Nest No. No. Eggs Laid No. Young Fledged
26 2 1
30 2 1
36 2 2
44 2 0
46 2 1
52 2 1
234 , 12 6
Productivity:
Total No. of Young Fledged X 100% = 6 X 100% = 50%
12

Total No. of Eggs Laid

Considering all 14 successful nests in the study area (Table 3),
4(29%) apparently produced 2 young each, while 10 (71%) apparently
produced 1 young each. It is possible that £here were more than

4 nests containing 2 young since 1 of the 2 young may have

fledéed before the surweyd. The mean clutch size recorded else-
where in the bald eagle's range'is almost invariably 2 eggs

(Beebe, 1974). Nests containing 2 or 1 young generally occur
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about equally on the Pacific Coast, nests containing 3 young
are rare (ibid.). The 14 successful nests in total produced

18 young resulting in an average of 1.3 young/nest.

The egg-laying period in the study area extended from late

March until early May.



3.5 FOOD RELATIONSHIPS

The relationship between thevpresence, abundance and avail-
ability of food and the occurrence, profusion and behaviour

of eagles was examined in order to determine the importance

of food sources within the airport vicinity and control zone

as an attractant to eagles throughout the study area. Where

a ready and abundant food source was present and accompanied

by larger numbers of eagles than were present where no such food
sources occurred, it was assumed that a cause-effect relation-

ship existed.

Direct observations throughout the study period indicéted that
the subsistence diet of eagles, feeding within the airport
vicinity and control zone, was almost entirely composed of fish,

birds, and marine invertebrates.

The availability of fish, birds, and other substenance items
within the airport vicinity and control zone is discussed in

section 1l.4.

Eagles susbsist primarily on ére—spawning, spawning, and spent
saimon from early September until late November. Although
concentrated schooling of pink and chum salmon occurred near the
surface of ﬁhé water in the mouth of the Keogh River, there

is little indication that these salmon are frequently captured by
.eagles. Tight schools of pink salmon were observed during the
early part of September while chum schooling was not observed

until the end of September. Coho salmon did not appear to school



in tight groups.

In order to determine if a relationship existed between the
abundance of salmon in the Keogh River (serving as a food source
to eagles) and the numbers of eagles within the airport vicinity,
the minimum number of eagles recorded was compared to the es-
timatéd salmon escapement as shown in Figure 15. Similar figures
were prepared for the fall of 1972 and the fall of l974; Eagle
abundance values from these figures were plotted against the
correspondiné pink salmon escapement levels (ie. the number of
this species of éalmon entering the river) to produce a scatter
diagram (Fig. 16). Regression lines indicate a positive cor-
relation between eagle abundance and estimated pink salmon
escapement.‘ Summary results of escapement levels in 3 of the 4
spawning rivers within the control zone, during 3 successive
salmon spawning seasons, are given in Table 5. (Eagle abundance
was compared with escapement levels for pink salmon only since

eagle use of chum and coho spawners was limited).

When computing the correlation between eagle abundance and salmon
escapement during 1972 and 1973, escapement levels were lagged by
1 month to take into account the importance of spent pink salmon
in the diet of eagles, especially as the river level progressive-
ly increases during October. (The effect of river stage on the
availability of salmon is discussed later in this section).

Eagle abundance climaxed near the end of the pink run during 1972

and 1973, approximately 1 month after the peak in those runs.
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Figure 15, Minimun number of eagles continuously freq-
uenting the airport vicinity in relation to the estimated
salmon escapement to the Keogh River during the fall of

1973.
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Figure 16.

Scatter diagram showing regression lines for correlation
between the abundance of eagles in the airport vicinity
during the fall of 1972, 1973, and 1974 and the estimated

minimum number of eagles

minimum number of eagles

v
.&7’ 1972 increase r=,987
1972 decrease r=,962
1974 increase r=,923
1974 decrease r=,952
2 3 a 5 6 7 8

estimated escapement (x 10,000)
A, 1972 + 1974

increase r=,954
decrease r=,976

2 3 4 5 6 7
estimated escapement (x1,000)
B. 1973 '

gink
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Table 5. Particulars of spawning pink, chum, and coho salmon in the
Keogh, Quatse, and Tsulquate Rivers ‘cbluring the fall of 1972, 1973 and

: 197

A w2
ARRIVAL -
‘ S INT DURATION TOTAL
- SPECIES STREAM . START PEAK END ESCAPEMENT
. Kéogh.River o o ’ S
Pink 25/8/72 20/9/72 3/10/72  3/10/72 75,000
Chum 3/10/72 10/72 19/10/72 3/10/72 5,000
Coho 27/9/72 10/72 6/11/72 31/12/72 2,000
Quatse River . ‘
Pink 9/72 9/ 72 10/72 11/72 16,000
Chum 10/72 10/72 11/72 - 11/72 " 2,500
Tsulquate' River - : - v ‘
Pink 8/72 8/72 9/72 11/72 -k ,500
Chum 10/72 10/72 10/72  _11/72 550
B) 1973
ARRIVAL
IN DURATION TOTAL
. SPECIES STREAM  START PEAK END ESCAPEMENT
Keogh River . ‘ - o
" Pink ' 25/8/73  20/9/73 - 2/10/73 18/10/73 7,000
Chum 2/10/73  10/73 20/10/73 31/10/73: 700
Coho _28/9/73 10/73 25/10/73 31/12/73 2,200
Quatse River i .
Pink 8/9/73  15/9/73 5/10/73- 11/73 1,000
Chum 10/10/73 15/10/73 31/10/73 1;/73 600
Tﬁulquate River .
Pink 3/9/73  3/9/73  28/9/73  20/10/73 7,000
Chum 4/10/73  4/10/73  25/10/73 11/73 Les
c) w97%
ARRTVAL _
IN - DURATICH , TOTAL
"SPECIES STREAM  START Pzax END . ESCAPEMENT
Keogh River
© Pink o 1st large
‘escapement -
7,8/9/74 o .
o2u/8/74  17/9/7h  11/10/7H 23/10/7h . 55,500
Chum 30/9/Th  10/7h - 20/10/7h 31/10/7h Loo
Coho 19/9/74%  10/74 near end 31/12/7h4 200
o of Oct. .
Quatse River - ' .
" Pink 7/9/7%  15/9/7%  W/ic/7h  15/11/7h 66,000
Chum 8/10/74+ 10/10/7% 20/10/7% 1/11/7h4 koo
Tsulquate River o v v
Pink 7/9/7%  15/9/74  3¢/9/Th  11/7hk | 11,000
Chum 2/;0/74 5/10/74  15/13/74 - 500

30/10/7k4
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The peak in the pink run was coincident with the peak in eagle
abundance during 1974 when the river level remained very low

into October. Accordingly, escapement levels were not lagged.

The coefficient of linear correlation (r) was computed from

eagle abundance and salmon escapement data for two intervals
during each salmon spawning season, the period'when the number

of piﬁk spawners in the Keogh River was increasing and the period
when the number of pink spawners was decreasing. Calculated
correlation coefficient values were all slightly less than 1.0

as shown in Figure 16 indicating a very strong correlation between
both'the rate of increase in eagle abundance and the rate of
increase in pink spawners as well as between the rate of decrease

in eagle abundance and the rate of decrease in pink spawners.

The increase and decrease in eagle abundance each fall was not

directly correlated with the actual number of pink salmon in the

Keogh River. Fall eagle abundance varied little comparéd to

the great variation in salmon escapement levels between even and
0dd years. THis indicates that there was a plentiful food subply
even in odd years when the total number of spawning salmon was
much smaller. It also suggests that eagles were attracted from

a limited area since the abundance of salmon in the Keogh River

could have supported a much greater number of eagles.

It was observed that of the 3 species of salmon in the Keogh

River, pink spawners were most accessible to eagles due to
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their smail éize (average weight 1.4-1.8 kilograms), large’
numbers,Aand tight schooling characteristics. Pink salmon were
most vulnerable to predation towards the end of the-spawning
season when many became so weak that they were swept downstream,
often near the surface of the water. ,From their strategic
perches along the river bank, eagles easily located and sub-
sequently preyed on dying fish. As mentioned earlier, eagle
abundance was generally greatest near the end of the pink salmon
spawning run indicating the importance of dead and dying pinks

as a food source.

The preferred spawning grounds for pink spawners were in the
lower reaches of the Keogh, beginning at the mouth. In even
years, pink spawners may on occasion extend all the way up to
Keogh Lake, but in odd years they occur only in the first few

miles of river.

The small number of coho spawners in the Keogh were generally in
good condition and rarely seen during patrols along the river.
It is thought that very limited active eagle predation occurs

on this species because of its superior strength, large sizé,
protective camouflage, limited numbers, and preference for deep
water. Only fully mature coho were observed, ranging in size
from approximately 2.5 kg. to 6.5 kg. Coho preferred spawning
grounds a considerakle distance upstream from the mouth. Eagles
no doubt fed on some dead and/or dying spawners and possibly on
some incoming coho at the river mouth under low river and low

tide conditions.



- 66 -

Chum salmon appeared to be more vulnerable to eagle preda-
tion than cohos because of their slower speed. However,
eagle predation on chum was limited due to their large

size and sufficiently.high river levels during the chum

run. In late October, eagles were observed feeding regular-
ly on dead chuﬁs. Similar to pink salmon;chﬁm.also‘preferred
the lower reaches of the river for spawning. Surveys at
several locations along the entire 32 km length of the Keogh
River .inddicated that only limited spawning (likely coho)
occurred in the upper 18 km of river. Almost all of the

pink, chum,and coho spawned within the lower 14 km.

The level of the Keogh River greatiy influenced fhe upstream
migration and availability of spawning salmon to eagles.

River levels were generally very low duriné September when most
pink spawners entered the Keogh. River stage was particularly
important at the river mouth and just upstream. 'The annual
concentration of eagles in this area (Fig. 9) during the spawn-
ing season was in large part due to the eésy accessibility of
incoming salmon, especially during\low tide conditions and low
river levels. Under these conditions, much of the extensive
sandstone shelf at the mouth was exposed, forcing incoming

salmon into narrow, shallow channels where they were highly

vﬁlnerable to eagles perched nearby.

In September it was often necessary for salmon to enter the
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river at the time of high tides, since low tide conditions
(low river levels plus impassable waterfalls at the edge of
the shelf) were prohibitive to upstream migration. As the
river level dropped with the tide receding, schools of pink
salmon were trapped in shallow pools along the lower .5 km
of river. Under these conditions, eagles were able’to take
salmon from these schools but this type of predation was
limited by the dark colouration of river water and the thick
canopy partially covering the river Jjust upstream from the

mouth.

When rainfall increased river levels during September and
October, salmon migrated upstream in large numbers even though
river levels remained relatively low. These conditions led to
a change in the feeding behaviour of eagles. Instead of feed-
ing mostly on incoming pinks near the river mouth, eagles began
feeding at various locations upstream, where still relatively
low water conditions and the great number of salmon resulted
in an easily accessible food source. This was particularly
notiéeable in the west half of the flight path clearing where
there were several shallow pools and adjoining rapids (Fig.10).
Salmon were often partially exposed when swimming upstream
between pools. Several strategic locations were found along
the lower stretches of the Keogh where eagles had spent con-
siderable time watching salmon. The change in feeding be-

haviour appeared to be accompanied by an increased frequency of
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eagle flights across the airfield.

A marked increase in the level of the Keogh River occurred
during early fall each year at approximately the same time
and this was thought to trigger upstream migration of coho
and chum salmon. Although the increased level resulted in
more salmon in the river, it made it difficult for eagles to
prey on incoming and spawning salmon due to the depth and
speed of the river water. The increased river level also
quickly swept away the remains of spent salmon from along the
river bank. As a result, the feeding behaviour of eagles
changed once again. Instead of feeding on pink spawners at
various points upstream, eagles began feeding primérily on
dead and dying pinks at the river mouth. By early November,
river levels héd decreased again; few, if any pink spawners
remained and eagles appeared to be feeding exclusively on
dead and_dying chum salmon. Thus for 2 months (September and
October) the pink salmon in the Keogh River produced a surplus
of food for the eagles concentrated at the airport. Feeding
on spent salmon continued well into November at the mouth and

along the lower reaches of the river.

Coho spawners peaked during late October or early November and
remained in the Keogh River for some time. There was no
evidence found of eagles feeding on either live or dead coho
salmon. The total number of coho in the river gradually de-

creased through November and December.
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Eagles did not feed on salmon from the Keogh River to any
significant extent after the last of the chum had been con-
sumed by mid-November. It is possible that remains of spawn-
ing salmon left by black bear along the river bank may have

been searched out and eaten prior to and following this date.

Salmon spawning in the Quatse and TsulquatevRiver also attract-
ed eagles, but apparently to a lesser degree than salmon in the
Keogh River. It was not possible to determine the number of
eagles attracted to the former 2 rivers, but each yielded fewer

sightings/hour than the Keogh.

A variety of sea birds was present in the control zone through-
out the year and thus provided a continual potential source

of food.. Likewise, the many different types of intertidal
invertebrates were available as potential food items and were
regularly used during the periods of the year when tides low

enough to expose them occurred during daylight hours.

During the period between the salmon spawning season and the
herring spawning season (December through February), eagles
within the control zone fed primarily on wintering sea birds

and marine fishes.

With the beginning of the herring spawning season in late March,
eagles once again had access to a qoncentrated food source.
While extensive spawning grounds were at one time located around

the perimeter of most islands in Beaver Harbour, they are now
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restricted to regions north of Deer Island and south of the

Cattle Islands.

Eagles were observed capturing herring from tight schools
near the Cattle Islands_and.a number of fish were found
beneath trees on the Islands. Herring appear to be the
staple diet of eagles during the latter part of March and
the early part of April. Herring-spawn attached to
Macrocystis beds was taken extensively by gulls, however,
eagles were not observed feeding on the spawn. Eagle
numbers in the vicinity of the airport again increased at

this time. Details were discussed earlier.

From the end of the herring spawn in late April until the
beginning of the salmon spawning season in late August, the
main components of the eagles' diet appeared to be sea birds,
marine fishes, and intertidal invertebrates. During this

period eagles were dispersed along the coastline.

Feeding habit information based on the analysis of food remains
at the base of nest trees and nest contents is given in Table
6. This evinces the food available and brought to the nest
during the period of nest occupancy by the eaglets (May -
August). Marine fishes accounted for 23% of the food remains
at 10 nests within the control zone during 1974. These fish
included herring, cod, rockfish, salmon, and dogfish. Birds

accounted for 34% of the food remains and included scoters,
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gulls, a rhinoceros auklet; and a great blue heron. Marine
invertebratesvaccounted for the largest percentage (42%)

of the food items and included abalone, other univalves,
bivalves, barnacles, crabs, and sea urchins. One un-
identified mammal was found accounting for 1% of the food

remains. All these figures are percentage by occurrence.

Although many marine invertebrate food items were found,

they were generally very small and in volume probably

ranked third in importance after birds and marine fishes.
Some food items such as carrion taken from seals can be
completely digested and therefore would_not be detected by
the method used. Eagles supplement their diet throughout

the year by feeding on carrion, particularly along the coast-

line.
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Table 6. Food remains found at ten bald eagle nests within

the control zone during 1974.

OCCURRENCE
FOOD ITEM NUMBER PERCENT
Fishes:
herring (Clupeidae) 5 5.8
pacific cod (Gadus macrocephalus) 6 7.0
rockfish (Sebastodes sp.) 4 4.7
salmon {(Oncorhynchus sp.) 1 1.2
dogfish 2 2.3
unidentified fish 2 2.3
Total 20 23.3
Birds:
rhinoceros auklet 1 1.2
scoter (Melanitta sp.) 2 2.3
great blue heron (Ardea herodias) 1 1.2
gull (Larus sp.) 2 2.3
unidentified bird 23 26.7
Total 29 33.7
Invertebrates:
abalone (Haliatus) 5 5.8
bivalves ‘ 10 11.6
auniEvaltves (Gastropoda) (3 limpets) 10 11.6
barnacles 5 5.8
crabs 3 3.5
sea urchins 3 3.5
Total 36 41.8
Mammals:
unidentified mammal 1 1.2
Total 1 1.2

GRAND TOTAL 86 100.0
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3.6 EAGLE FLIGHT PATTERNS

The autum aggregation of eagles in. the flight path for runway 1028 in the
vicinity of the Keogh River presented the greatest hazard to aircraft. This
v hazard arose ‘since the aggregation was located in an active flight_path less
than 700m from the end of rumay 1028, the only rumay used by Boeing 737
jets. My findings indicated that approaching and departing jets were flying
directly through the airspace used by eagles when flying above the river.

Approximé.tely 807% of autumn eagle activity in the flight path consisted of
direct flights above the river. The r'emaini_ng 20% consisted of soarin.,sor high
over the river when clear skies prevalled along with brisk southeast wmds
and cool temperatures. Soaring was observed up to 250m which marked the

upward limit of the aggregation area above and adjacent to the Keogh River.

Figure 17 gives a frequency—altitude profile of direct eagle flights above the
Keogh River in the flight path during the fall of 1972, 1973, and 1974. As
stated in 2.3.1, my altitude data are based on estimates due to the difficulty
of accurately approximating the elevation of swiftly flying birds. However,
it Qas usually possible to compare the altitude of eagle flights with the
altitude of Imown reference points (e.g. river bank,tree height,jet altitude)

in order to obtain a reliable estimate.

Esseﬁtially all direct eagle flights above the river occurred between 2 and
60m. Flights were most Afreq’uent in the 35-40m and 40-45m range which
coincided with the approach altitudes of jets when over the river (30-60m).
This potential for mid-air strikes had to be substantiélly reduced in order
| to provide a s;'.gnificant and long term solution to the airport's bird hazard

problem.



120

1007
Total number
of’obéervations 2
for fall 1972,
1973, 1974, 607

40

207

0-5 "'5-10 10215 15-20 20-25 25-30 30-35 35-40 %0-45 45-50 50-55 55-60

Altitude Category (m)

Figure 17. Frequency-altitude histogram of direct eagle flights above the Keogh River in the
southeast flight path for runway 1028 during the fall of 1972, 1973, and 1974.
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PART 4 DISCUSSION

This study has revealed that the Port Hardy airport is
situated in an area of high eagle density;year—round.
Nesting density in the entire study area was at least .1
active nest/lineal km of coastline with a higher density

in the immediate vicinity of the airport (.2 active
nest/lineal km of coastline). Densities reported at
Barkley Sound (Hancock 1970, Retfalvi 1977) and Karluk ILiake
(Anonymous 1958, Hensel and Troyer 1964/1965, Robards and
King 1966) exceed those near Port Hardy airport. These

were .53 eagles/km2 and .78 eagles/km2 respectively.

Despite the aifference in density, nesting success was similar
to that recorded.for stable populations in Florida and at
Karluk Lake. In my study area 57% of the nests failed but
those that produced young a&eraged 1.4 young/nest. Comparable
figures have been recorded ét'Karluk Lake where 42% of the
‘nests failed in 1962 and thé mean young per successful nest
during 1959, 1961, and 1962 was .9, .6 and 1.4 respectively
(Hensel and Troyer, 1964). Broley (1947) showed that 56

nests in 1946 produced an average of 1.8 birds per nest.
Robbins (1960) recorded what he termédea good reproduction
success in 1959 at Everglades National Park when 18 ybung were

raised in 11 nests (1.6 per nest).

There were 5 active nests within the orbit of Port Hardy airpbrt
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activity and they did not differ in success rate or fledged
young per successful nest from nests more remote. It can be

concluded that airport activity does not itself reduce the

rearing success of the bald eagles.

Studies of the relationship beﬁween the number of eagles

using the airport vicinity during the autumn period when the
salmon were entering the Keogh River demonstrated a positive
correlation. Findings revealed that even a relatively small
spawning run of salmon was adequate to attract the eagles

and that the very large runs did not attract additional eagles

in the same ratio.

The concentration of eagles at the airport contained a dis-
proportionate number of immatures, suggesting that the adults

were less attracted to the food concentration.

It is important to recognize that theAlargest number of eagles
in the vicinity of the airport (35) could have been drawn

from a relatively small area adjacent. These findings suggest
that elimination or substantial reduétion of the number of
eagle nests within 8 km of the airport (control zone radius)
would probably significantly reducefthe number of eagles.
present there. This might be a practical approach to mitigat-
ing the problem without reducing the population of the entire
study area by more than approximately one tenth. Removal

would probably have to be done annually.
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There is no evidence as to the distance from which the
eagles are drawn to the herring spawn in February and March.
This concentration, however, has different flight patterns
and does not cross the aircraft flight path as frequently
as does the autumn concentration and therefore is less

hazardous.

The terms of reference of this study were to seek_a solution
which did not necessitate killing eagles. The studies of
flight frequencies, altitudes, and directions suggest such

a solution. The curve of altitude of aircraft landing and
take-off paths reveals a concentration between 30 and 210m
above the Keogh River. Similarly, the curve of eagle flight
altitudes above the river demonstrated highest frequencies
between 2 and 60m. Eagle flights were most frequent at
approximately 40m above the river which coincided with the
approximate altitude of approaching jets when over the river.
Since it is not likely that the behaviour of the eagles can
be changed it is useful to consiaer ways of altering the
flight paths of the aircraft so as to greatly lessen the

frequency.of interaction.

This can be achieved by extension of runway 1028 in the north-
west direction forla distance of approximately 610m. The
runway extenéion would allow Beeing 737 jets taking off to
the southeast to pass over, instead of through, the hazardous

zone above the Keogh River. They would thus have a greater
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chance of being above any eagles soaring or flying up and

down the river.

The greatest eagle haéard to jet aircraft occurred during

the take-off and climb-out regime when full power was used

to gain'altitude quickly. An eagle strike at this time

" would likely result in a crash. A strike during the approach
and.landing regime woﬁld be less dangerous due to the decreased
power requirement and proximity of the runway. For these
reasons, major emphasis was placed on the eagle hazard to

" aircraft during take-off and climb out.

The rationale behind the runway extension is presented in
Figure 18. During the stidy, the take-off altitude over the
Keogh ranged between 120 and 210m (as éhecked from the
cockpit). A 610m runway extension would allow this altitude

to be 'increased to between 300 and 450m. The gain in elevation
- over the Keogh River achieved by lifting off from a point

600m further from the river would minimize the potential hazard

during departﬁres.

Similarly, if aircraft landing from the southeast could land
600m farther down the runway, it would then be possible for
them to approach at a higher altitude over the Keogh River.
During the study, the approach altitude over the Keogh was
approximatley 30 - 60m. An additional 610m of runway would
allow jet traffic to approximately double its Height over the

Keogh. Although this would not remove approaching aircraft
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entirely from the zone of eagle soaring, it would put the
aircraft above most of the flights up and down the Keogh
River. A runway extension of 610m would still allow for
the minimum glide path slope of 3 degrees for aircraft
approaching from the northwest. However, low hills located
to the northwest would interfere with any large extensions

beyond the 610m distance.

Approaches and departures at the northwest end of runway
1028 are largely free of the eagle problem;y because of the

eagles' close association with the Keogh River.

My studies have also revealed that there is a strong season-
ality to the hazard with concentration during the September
through November period when eagles are crossing the south-
east approach to runway 1028 in their movements along the
Keogh River. This suggests a further strategy of whenever
possible routing aircraft in and out by the northwest end

of runway 1028 during that period to avoid the concentration

area.
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