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Abstract:

The ecology of the bald eagle (Haliaeetus leucocephalus) and osprey (Pandion haliaetus) in
Yellowstone National Park was studied during the summers of 1972, 1973 and 1974. From historical
records, it appeared as though the bald eagle population had remained stable while the osprey
population had declined in numbers and distribution. Bald eagles, apparently those which nest in the
park, winter along ¢ major rivers, primarily on ungulate wintering areas. Eagle and osprey nest sites
were described and compared. Bald eagle territories seemed to be limited by open water at the time of
nest initiation. Both species nested later in the park than elsewhere at the same latitude. Ospreys nested
later on the lakes (after ice-out) than streams. Bald eagle nest success, 23.3 percent, and productivity
per occupied nest, 0.23 percent, were significantly less than in 1960-61. Osprey reproduction has also
declined, but nests on Yellowstone Lake had significantly lower nest success and productivity per
occupied nest, 28.3 percent and 0.45, respectively, than stream nests, 63.4 percent and 0.95,
respectively. This difference appeared to be related to human presence near nests. The corresponding
parameters for the entire osprey population were 41.1 percent and 0.64, respectively. In 1972 and 1973,
success of osprey nests on Yellowstone Lake was significantly higher for those over 1 km from a
backcountry campsite. Bald eagle reproduction was apparently not affected by human presence.

Late ice-out was believed to be the cause of delayed nesting and reduced success of ospreys nesting on
Yellowstone Lake in 1974. Pesticide residues were detected in osprey eggs from the park. The diet of
bald eagles consisted of 57.1 percent birds, 36 percent water-fowl, 25.0 percent fish and 17.9 percent
mammals; the diet of ospreys on Yellowstone Lake consisted of about 93 percent cutthroat trout of an
average size of 27.6 cm. Osprey foraging parameters from Yellowstone Lake were reported. They
seemed to forage over deep water in response to the distribution of the favored size of the major prey
species. A hypothesis of population regulation in the bald eagles, based on increased subadult survival
in response to reduced competition through lowered natality and adult territorial aggression, is
presented to explain the stable numbers despite reduced reproduction. Management recommendations
were presented.
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ABSTRACT

The ecology of the bald eagle (Haliaeetus leucocephalus) and
osprey (Pandion haliaetus) in Yellowstone National Park was studied
during the summers of 1972, 1973 and 1974. From historical records,
it appeared as though the bald eagle population had remained stable
while the osprey population had declined in numbers and distribution.
Bald eagles, apparently those which nest in the park, winter along:
major rivers, primarily on ungulate wintering areas. Eagle and osprey
nest sites were described and compared. Bald eagle territories seemed
to be limited by open water at the time of nest initiation. Both
species nested later in the park than elsewhere at the same latitude.
Ospreys nested later on the lakes (after ice-out) than streams. Bald
eagle nest success, 23.3 percent, and productivity per occupied nest,
0.23 percent, were significantly less than in 1960-61l. Osprey repro-
duction has also declined, but nests on Yellowstone Lake had signifi-
cantly lower nest success and productivity per occupied nest, 28.3
percent and 0.45, respectively, than stream nests, 63.4 percent and
0.95, respectively. This difference appeared to be related to human
presence near nests. The corresponding parameters for the entire
osprey population were 41.1 percent and 0.64, respectively. In 1972
and 1973, success of osprey nests on Yellowstone Lake was signifi-
cantly higher for those over 1 km from a backcountry campsite. Bald
eagle reproduction was apparently not affected by human presence.
Late ice-out was believed to be the cause of delayed nesting and
reduced success of ospreys nesting on Yellowstone Lake in 1974.
Pesticide residues were detected in osprey eggs from the park. The
diet of bald eagles consisted of 57.1 percent birds, 36 percent water-
fowl, 25.0 percent fish and 17.9 percent mammals; the diet of ospreys
on Yellowstone Lake consisted of about 93 percent cutthroat trout of
an average size of 27.6 cm. Osprey foraging parameters from Yellow-
stone Lake were reported. They seemed to forage over deep water in
response to the distribution of the favored size of the major prey
species. A hypothesis of population regulation in the bald eagles,
based on increased subadult survival in response to reduced compe-
tition through lowered natality and adult territorial aggression,
is presented to explain the stable numbers despite reduced repro-
duction. Management recommendations were presented.

e




INTRODUCTION

Declines have been repprted by:Sprunt (1969) in bald eagle

. (Haliaeetus leucocephalus) and by Henny and Ogden (1970) in osprey
(Pandion ﬁaliaetus)'populations‘in‘many areas of the United Stateé.
Consequently, the National Park Ser§ice funded tﬁis study during the
Summérs of 1972, 1973 aﬁd 1974 to determine the population status and
importaﬁt ecological relationsh;ps for thgse two species in Yellow-
stone National Park, Wyoming. This Stu&y was to provide basic refer--
ence information for administrative, management, interpretive and
scientific uses, ‘

There have been few studies of these birds in Yellowstone Park.
Murphy reported on bald eagle reproduction and population size (Murphy
1960, 1961) and on nest site selection (Murphy 1965). He compiled
less intensive observations of nesting in 1962, 1963, 1965 and 1968
(Yellowstone National Park files). ékinner (1917) published obsep—
vafions on the life history, numbers and distribution of the osprey
in the park and Turner (1968) included the ﬁark in a survey of osprey

reproduction in northwestern Wyoming.




DESCRIPTION OF AREA

Yellowstone National Park occupies 8995 km? in the northwestern
corner of Wyoming and adjacent Montana and Idaho (Figure 1). . It was
established in 1872 and has received relatively little development
by man. The geology of the park ﬁas-been described by Keefer (1972),
the climate by Lowery (1959) and the vegetation zones by Despain

(1973).

Physiography‘

Elevatioﬁs in the park range from about 1525 to over 3370 m, but
much of the park is a series of plateaus between 2140 and 2440 m. ‘The
plateaus are rolling and were chiefly formed by the Quaternary lava
flows in and around the 2590 km? Yellowstone caldefa. Widespread
thermal areas are a remnant of the formerly extensive vulcanism which
was important in forming Yellowstone's landforms. The landscape was
further modified by at least three glacial periods, the last one
ending about 8506 years ago (Keefer 1972). ©North, east and south of
the central plateaus are high, extensivé mountain ranges.

The park is divided from west to southeast by the Continental
Divide.. The Pacific side is drained by tributaries of the Snake River
and the much larger Atlantic side is drained by the Yellowstone and
Madison Rivers and thelr tributaries. Yellowstone Lake,‘fhe largest

in the park, is drained by the Yellowstone River. It lies at an
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elevation of 2357 m, has a surface area of 355 km? and a sh;reline of
i77 km. Three large lakes are found in the Pacific drainage: Shoshone,
Lewis and Heart Lakes. Shoshone Lake, about 30 km? in surface area,
and Lewis Lake, 11 km?, are connected by a channel of the Lewis River}
Heart Lake occupies 8.7 km?. There are many smaller lakes in the park.

Several V—shaped canyons are found in the park. The largest and *
most spectacular of these is the Grand Canyon of the Yellowstone which _
is 300-450 m deep and 32 km long. The upper 8 km is very colorful and

contains many pinnacles, which are used as nest sites by ospreys.

Climate

The park has long, cold winters ahdfshort, cool summers. Winter
extends from mid-November to mid-May on the plateaus. Icé-out on
Yellowstone Lake is generally at the end of May or first of June.
Summer begins around the first of July and autumn begins a£out the
first of September (Méagher 1973).

In Mammoth, the coldest and warmest months are January ang July
with mean temperatures of -7.8 and 17.1 C, respectively. In general,
the maximum éummer temperatures are‘in the low twenties (C) and the
minima are near freezing. Mammoth is about 3 C warmer than most
other areas of the park. |

The average annual precipitation is 395.2 mm at Mammoth (48216 mm

at Lake). June i8 the wettest month, receiving 50 to 75 mm, while
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July, August and September receive between 25 and 50 mm per month.
Most of the summer showers are light to moderate and of short duration.

For most of the park, annual snowfall averages nearly 380 cm (Lowery

1959).

3+

Vegetation -

The park can be divided into three,major and two smaller vege-
tation zones (Despain 1973). The primary study area is located almost
entirely within the large spruce-fir and lodgepole.pine zones.

The spruce-fir zone occurs above 2560 m and is th; largest zone.
The dominant trees are Engelmann spruce (Picea engelmanni) and sub-
alpine fir (Abies lasiocarpa). The average tree density ranges from
133 to 178 trees peé ha for spruce and from 173 to 207 trees per ha
for fir (Despain 1973). Whitebark pine (Pinus albicaulis) or Douglas— |
fir (Pseudotsuga menziesii) may be major components near the timber-
line in some areas. In this zone, lodgepole pine (Pinus contorta) is
a seral plant and dependslon fire‘of other disturbénpe to maintain its
presence.

The 1odgepoie plne zone has little or ﬁo spruce or fir in the under-
story. The lodgepole 1s probably maintained as the climax species by‘
relatively low precipitation and the nutritionally.poor rhyolite—
derived soils in these areas (Despain 1973). Density of trees with a
diameter at breast helght (dbh) greater than 10 cm is'about 800 trees

per ha. This zone is located in the west~central and central portion
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of the park and southeast of Yellowstone Lake.

Two large open meadows, Hayden and Pelican Valleys, and many
smaller meadows occur on the primary study area. ‘Idaho fescue (Féétuca
idahoensis) bluebunch wheatgrass (Agropyron spicatum), needle and
thread (Stipa spp.) and big sagebrush (Artemisia tridentata) are

common in these meadows (Don Despain 1974 pers. comm.).

Primary Study Area

The most intensive field work was carried out in the Yellowstone-
Shoshone~-Lewis Lake area and on the Yellowstone River from the lake to
the Grand Canyon of the Yellowstone. Most of the bald eagles and
ospreys were foundAto occur in this area. All of these 1akes.are cold
and oligotrophic. ‘Shoshone’and Lewls Lakes were barren until lake
trout (Salvelinus namaycush) and brown trout (Salmo trutta) were
planted in 1890 (Smith and Kendall 1921). Brook trout (Salvelinus
fontinalis) and rainbow trout (Salmo gairdneri) were also planted in
the drainage, but theklatter did not become established. Dean (1972)
reported Utah chubs (Gila atraria), brown trout, lake trout, redside
shiners (Richardsonius balteatus) and brook trout from Lewls Lake in
1971.

Cutthroat trout (Salmo clarki) and longnose dace .(Rhinichthys
catardctae) are the only fish native to ¥ellowstone Lake. Exotics
include longnose suckers (Catostomus catostomus), which first appeared

in 1931-33, lake chubs (Couesius plumbeus) and redside shiners (Dean
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1972). The exotics were probably introduced by fishermen using"‘ them
as bait. Longnose suckers are most abundant in the northern portions
of Yellowstone Lake and near the delta of the Yellowstone River in the
Southeast Arm (Dean and Varley 1973). -

Common waterfowl in this area include: Barrow's goldeneye
(Bucephala islandica), bufflehead (B. aZbeéZa), common merganser
(Mergus merganser), Canada goose (Branta canadensis), mallard (4Anas
platyrhynchos), gadwall (A. strepera), green-winged teal (A. crecca),

blue-winged teal (4. discors), American widgeon (A. americana), lesser

scaup (Aythya affinis) and American coot (Fulica americana).




METHODS

Literature Search
I conducted a search of park files, Yéllowstoﬁe Nature Notes,
superintgndents’ monthly and annual reports and journals of early
explorers. The results of this‘search provided the basis fo; deferf

mining the historical status of these birds'in the park.

Nest Surveyé~-

Aerial surveys with a 150-hp Super Cub were conducted on 28 ﬁay,
7 and 29 June, 18 July and 11 Auéust 1972; 12 and 29 May, 20 June, 7
and 24 July and 7 August 1973; and 25 April, 11 May, 9 June, 7 and 22
July and 11 August 1974. Data on population size and distributionm,
nest location and repfoduction were‘coliected during these flights.
This method was the only practical way to determine reproductive
parameters. Efforts were made to keep disturbance at a minimum.
Nests were checked during the first pass of the airplane. A sécond
pass was made only if the adult stood up, lgft the nesg or if the pilot
and I disagreed bn the number of eggé or young in the nést. Osérey
nests in the Grand Canyon were checked periodic;ily,with.a 15-60 X

gspotting scope.

Classification of Immatures
Immature bald eagles were classified according to plumage classes

described by Southern (1967). I observed plumages A, B, C, E and F,




-9

which may correspond to ages young-of-the-year, yearling, two~, four— and
five-year-old, respectively. In this thesis, "immature" refers to
eagles not in adult plumage and "subadﬁlt" rgﬁgﬁs_xo immatures beyond
the first summer of life.

Subadults were counted using plumage differences and spatial-
temporal separation. This method would result £n a minimum estimate,
since two subadults seen in the same area would be counted as one bird
unless observed simultaneously. Immatures are also harder to observe
than adults, especially from an airplane (Hancock 1964). Molting
could affect this éstimate, since it probably occurs'during the summer
(Bent 1937, Southern 1967), but eliminating subadult sightings from
the late summer would only reduce the estimate by one in 1972, the
year the sﬁbadult estimate was lowest. |

Young-of-the~year ospreys were recognized by mottled backs and

heavily streaked crowns (Bent 1937).

Nes£ Site Measurements
Nest locations were mapped and the following characteristics were
measured or described: height of nest, using a Stratex Stratolevel;
height, dbh, condition and species‘of the nest tree; distance to water;
relationship of the nest tree to surrounding trees; general habitat
and tree density.‘ Tree denslty was estimated using a-modification of

the point-centered quarter method (Cottam and Curtis 1956). The nest
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tree was used as the center and the distance to the nearest tree over
10 cm dbh in each quadrant was measured. This was considered only as

an index to compare densities at bald eagle and osprey nest sites.

Reproductive Terminology
The following definitions were slightly modified for this study
from Postupalsky's (1974) proposed terminology for describing raptor
nest status: ‘

Breeding territory: an ‘area containing one or more nests within

. the range of one mated pair of birds.

Occupied nest: any nest at Wﬂich one of the following activity

patterns was observed during a given breeding season: '

a. Young were ralsed;

b. Eggs were laid;

c. One adult was observed sitting low in the nest, presumably
incubating;

d. Two adults were present on or near the nest, provided fhe;e
was no reason to suspect the pair had already been counted .
elsewhere;

e. A recently repaired nest with fresh stickg (cleaﬁ hreaks)
or fresh boughs on top. .

Active nest: a nest in which eggs have been laid, activity

patterns (&), (b) and (c) above being diagnostic.
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Productive or successful nest: an active nest from which at
least one young fledged or was raiéed to an advanced stage of develop-
ment.

" Alternate nest: one of several unoccupied nests within the
breeding territor& of one pair of birds.

Frustration nest: an alternate nest buillt, repaired or frequented
by a pair of birds subsequent to a nesting failure at another nest
during the same breeding season.

Nest success: the proportion of occupied or active breeding
. territories which produce at least one young to an advanced stage of
development. Nest success and productivity were calculated on the
basis of both occupled and active nests because of .disagreements among
researghers concerning the proper parameters to use (Henny and Van
Velzen 1972, Postupalsky 1974).

Brood size: the number of advanced young per productive nest.

Productivity: the number of young raised to an advanced stage

of development per occupied or active nest.

‘Effects of Human Presence

Efforts were made to evaluate the effects of human presence on

osprey nest success on Yellowstone Lake. Comparisons were made between -

the success of active nests and their respective distances from back-

country campsites. Since 1972, backcountry campers have been required
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to obtain a permit to use designated campsitgs. The campsites on the
shores of Yellowstone Lake are regularily patrolled by rangers and
few campers attempt to use areas other than the designated sites (Pat
Ozmunt 1974 pers. comm.). The success of active nests was also re-
lated to "human use categories", which were measures’of human use in
the immediate~ﬁicinity of the nest. The nest areas were categorized
independently by Elwood Jones and Dale Nuss, Park Ranggfs with con-
slderable experience as boat rangers on Yellowstone Lake. The cate-
gories are:
I.- People often present on the bank adjacent to the nest.
" II. People expected to be fishing from boats near but not
from the shore in the area.
III. Peqple not expected to be fishing from the -shore nor boats
_ near the shore in the area.
The reactions of nesting ospreys.to boats were observed during
early and late incubation in 1974, ObserQatibns were méde from a 25~
foot Bertram boat traveling at various speeds and distances from the

nests.

Egg and Eggshell Analyses

Nest trees were climbed only after the incubation period of un-

hatched egge was positively excee&ed or the young were fledged. Five .

osprey eggs were collected and the contents of four were analyzed for
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common pesticide residues by personnel of the Wisconsin Alumni
Research Foundation using methodé described in the 1970 Pesticide
Analytical Manual, sections 211 and 310. The length and breadth at
the equator of gach egg was measured to the nearest 0.1 mm with a
venier caliper and the eggéhells, with membranes, were weighed to‘the
nearest 0.1 mg with a Mettler Type H1l6 balance after being dried for
several months at room temperature. From these data, an eggshell

index was calculated using the formula, eggshell weight (mg)
length (mm) x breadth (mm)

(Ratcliffe 1967).

Food Items and Foraging Behavior

Food items Were collected from in and under nesfs‘and under

perches. The bones of cutthroat trout and longnose suckers were

identified by comparing them with reference skeletons from Yellowstone
Lake. Bird and mammal remains were identified to species by comparing
them with specimens in the Montana State University Zoological Museum.
For bald eagle items, the minimum recognizable number of individuals
of each species was counted. With the osprey items, all bones were
counted and the proportion of bones from a specles was considered to

be the proportion of that species taken by ospreys.

Osprey foraging behavior was observed in the southern portions of

Yellowstone Lake in 1973 and 1974 and on the Yellowstone River in 1973.

The time first seen, time and success of each dive, time last seen and

L
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approximate location of forays and dives were recorded. Dives were
counted only when the osprey dove and entered the water, including
definite plunges and "pancaking" from low altitudes (Lambert 1943).
Foot dragging (Dunstan 1974) was not considered to be a dive. Divé
rate was the number of minutes of foragiﬁg by all ospreys per dive ob-
served (whether they dove or not). Catch rate was the minutes of
foraging by all ospreys per fish caught and dive succéss was the pro-
porfion of dives which were successful. Foraging success was the
percentage of ospreys which dove that were observed to be successful.
Fish lengths were estimated by comparing them with the lquth of the‘
osprey, which is about 56 cm (Robbins et al. 1966).

Four observation stations were“established along the Yeilowstone
River in 1973 to evaluate the effects of the presence of fishermen on
osprey foraging activities. Area A was at the mouth of Otter Creek
and B was 1 km north of the mouth of Aluﬁ Creek; both were in an area
open to fishing. Areas C, 300 m south of_Alum Creek, and D, at thg
Grizzly Overlook, 1.6 km south of Alum Creek, were in an area closed
to fishing. Observations were made during 50-minute periods at all
houré of the day, with consecutive periods spent in different areas.
Observations were conducted before and after 15 July; the gtart of_the

fishing season.
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Statistical Analyses
Chi-square and two-talled t tests (Smedecor and Cochran 1967)
were used for statiétical analyses. Differences were considered
statistically significant if the probability of error was less than

5 percent.




RESULTS AND CONCLUSIONS

Present and Historical Numﬁers and Distribution

Many early explorers had little interest in nongame species and
sometimes confused eagles and ospreys, when they did mention them.
Extensive coverage of the area was hindered by the difficulty of back;
- country travel. Most early expeditions were in August and Septembef,
at a time when some bald eagles were ﬁeginning to disperse from their
breeding areas and ospreys'were‘fledging. ‘Thﬁs, the limitations of
the historical accounts must be considered in.thé following recon-

struction of former numbers and breeding distributioms.

Bald Eagle

The bald eagle apparently has not been abundant in Yellowstone
Park. Its status has been described as "so scarce... as to be rarely
seen" (Skinner 1926: 62), "occasional permanent resident" (Kemsies
1930: 204) and "common though not numerous resident" (Brodrick 1952:
17). Bailey (1930) stated that this species nested in a few locali-
ties in the park and was generally found over the park from early
spring to late autumn with-a few staying all winter. He regarded tﬁem
as "common", Skinner (1925) estimated the breeding population at four
pairs. .

My 1972-74 counts are presented with,Murphy’s 1960 and 1961

counts in Table 1. Murbhy's major study area included Yellowstope,

L
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TABLE 1. MINIMUM BALD EAGLE SUMMER POPULATIONS IN YELLOWSTONE
NATIONAL PARK.

Category 1960! 19612 1972 1973 1974
Murphy's Study Area
Breeding Adults 14 18 16 18 16
Other Adults Seen 3, o 2 5 e 2
Subtotal for Area 17 18 19 20 18
Other Breeding Adults 2
Other Adults Seen i 1
Subadults 3
Plumage B 2 3 3 3
C 1 1 2 2
E 10 1
F 1
Unclassified L Y = 1 =T
Subtotal for Subadults 0 5 4 6 6
Young Fledged _6 ) el o L
Grand Total 24 29 28 33 31

lprepared from Murphy (1960).

ZMurphy (1961).

3Classified according to Murphy's (1961) descriptionms.

Lewis and Shoshone Lakes and the Yellowstone and Madison Rivers.
Since he was not aware of the nests at Pelican Creek, Tern Lake and
Heart Lake, the 1972-74 adult bird counts on his study area are in-
cluded for comparison.

The present breeding distribution of the bald eagle in Yellow-
stone Park is shown in Figure 1. Palmer (1907) did not see any bald
eagles along the Mammoth-0ld Faithful-Canyon-Tower tourist route nor
in the Lamar Valley from 7 to 21 August 1907. Doane in 1870 (Bonney

and Bonney 1970), Conard (1926), Sawyer (1926) and Bailey (1930)
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considered the bald eagle to be common around Yellowstone Lake.
Sawyer (1924) traveled around Yellowstone Lake by boat between 28
August and 2 September 1924 and foqnd baldheagles to be most common
along the west shore (from Peale Island in the South Arm to Lake)
where six bald eagles, mostly adults, were seen. There are now four
eagle territories along the west shore (imcluding Stevenson Island).
Skinner (1925) believed only two pairs of bald eagles nested along
the shore of Yellowstone Lake.

Néithér Merriam (1873), who traveléd up the Madison and Firehole
Rivers to Shoshone and Lewis Lakes, which were barren of fish, and
left following the Lewis and Snake Rivers in August 1872, nor Grinnel
(1876), who traveled from Gardiner up the Yellowstone River to Yellow-
stone Lake, over to the Madison~Firehole drainage, back to the head
of Alum Creek and retufned via the Yéllowstohe River in late August‘
1875, mentioned the bald eagle. The Yellowstone River and Fishing
Bridge eagle territories are presently algng the latter route, but
the Fishing Bridge territory first aﬁpéared.in 191§ (Skinner 1§25).
Lt. Doane reported bald eagles and their eyries in the clefts of the
rocks in the Black Canyon on 26 August 1870 (Bonney and Bonney 1970),
where bald eagles are not found at this time. Ospreys now nest in
this canyon and I observed two nests which may have been a golden
eagle (Aquila chrysaetog) and a common raven (Corvus corax) mest.

It is questionable whether Doane observed bald eagle nests there,

J
e
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because nests in the park are abandoned by late August and bald eagles
generally nest in trees. They will nest on rocky promontories (not
clefts) where suitable trees are unavailable (Bromley and Trauger
1974). Marler (1951) did not list the bald eagle as a summer bird of
the Firehole Basin.

Three nests which no longer exist have been described; on the
northeast shore of .Shoshone Lake (Bailey 1930), in the Southeast Arm
near Beaverdam Creek (Peale 1871) and ﬁear Mary Bay (Rogers.1949). All
of these former sitgs are within 8 km'of present nest sites. Murphy
(1965) reported a possible nest along Pebble Creek, a minor tributary
of the Lamar River. I searched this area on foot in 1972 but did not
locate a nest nor see any bald eagles. Two Lamar rangers (Paul
Erickson and Robert Andrews), who are familiar with the area, informed
me that they had seen bald eagles in the Lamar area only in the fall
and winter and never in the Pebble Creek area. To date there ié no
confirmed sighting of this nest. 1

By 1965, Murphy (1965) had located 13 territories. The present
locations of bald eagle territories are: six on Yellowétone Lake, two
on the Yellowstone Biver above the Upper Falls, one each on Pelican
Creek, Tern Lake, He;rt Lake, Lewis Lake, Shoshone Lake and the Madison
River. An additional nest on the Shoshone Channel, between Shoshone
and Lewls Lakes, may ﬁe an alternate nest in the Lewis Lake territory.

Murphy (1961) considered them separate active territories in 1961, but
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did so with scanty information and did not include the Shoshone
Channel territory in his later count (Mhrphy 1965). His i961 obser-
vations (Murphy 1961) could be interpreted as two nests4in one active,
productive territory with eagles observed near both nests. There are,
therefore, probably 14 known territorieskin‘Yellowstoﬁe Park at this‘
time, which represent two additions to, and one loss from,‘Mnrphy's
(1965) list. AIl excépt the possible Shqshﬁne Channel territory were
occupied at some time during this study. The known histories of these

territories are presented in Appendix Table 26.

Ospreys

Skinner (1917) estimated a total of 120 pairs of ospreys regﬁlarly
breeding in the park, a figure he derived by doubling the number of
nests known to him; He later wrote (Skinner 1925: 625 "..ﬂ the osprey

|

. are conspicuous along every large stream. They are found by thé
hundreds about Yellowstone Lake and Canyon'. Other authors have been
more conservative and have described the oéprey as "a common breeder"
(Remsies 1930: 204), fconspicuous birds of Yellowstoﬁe Parkd (Bailey
1930: 200), and "abundant summer resident' (Brodrick 1952: 17). The
minimum[population estimates during this study varied bet@een 102 and
120 birds (Table 2). -

The Grand Cényon of the Yellowstone has long been noted as a

haven for ospreys, and many have commented on their abundance.
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TABLE 2. MINIMUM OSPREY POPULATIONS IN YELLOWSTONE NATIONAL PARK
DURING THIS STUDY.

Category 1972 1973 1974

Breeding adults on active nests 54 68 62

Adults on occupied nests (not active) 6 10 10

Adults on occupied nests (activity unknown) 2 4 2

Single adults associated with unoccupied

nests 3 1 3

"Extra' adults seen near occupied or active

nests (no other known nests in vicinity) 1 0 2

Adults seen far from known nests - status

uncertain &3 ay L
Subtotal for adults 81 90 ° 86

Young fledged 21 =22 =é;
Grand total 102 120 103

Grinnel (1876: 83) commented that '"at the falls of the Yellowstone,
this species was constantly in sight'" and Elrod (1897) considered the
nests to be quite numerous in the canyon. Gignoux (1920) and Condon
(1933) reported many osprey nests in the canyon. Truman (1941: 56)
noted that "from each of the prominent view points of the canyon at
least one nest is in a favorable position for intimate study". Prior
to my study, however, only two people (Skinner 1917, Turner 1968) had
counted and recorded all of the nests in the 3.2 km between Inspiration
Point and the Lower Falls. According to Skinner (1917) there were 25
pairs of ospreys present, which he later stated was an estimate

(Skinner 1925). 1In 1968, Turner (1968) counted only five occupied nests.
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I found three, five and five active nests in this section‘of the
canyon in 1972, i973 and 1974, respectively. Due to the lack of
pinnacles, there have probably never been many, if any, nests in the
short distance between Upper and Lower Falls.

Appendix Table 27 is a summary of counts of active osprey nests
in the Grand Canyon. These counts suggeét a decline from the pre-
1960's to 1968. However, the number of active nests has apparently

not changed since 1968.

Skinner (1917: 119) estimated 30 occupied nests on the west shore .

of Yellowstone Lake and stated that, for theipark as a whole, '"there
are also two old, br abandoned, nests for each occupied one'". From 28
August to 2 September 1924, Sawyer (1924) traveled around Yellowstone
. Lake by boat. He recorded 26 osprey nests and mapped 24 of them.
Since Saw&er mapped the nests, his figurés'are probably more reliable.
There are now 14 nests along the shore (excluding Frank Island) which
can easily be seen from a boat. This indicates a decliné of nesté of
about 46 percent. Turner (1968, 1972 pers. comm.) counted seven active
nests on Frank Island during aerial censuses in both 1968 and 1970. I
counted 9, 10 and 9 occupiea and 8 active nests each year during aerial
surveys in 1972, 1973 and 1974, respectively.

Doane, in 1870, reported ospreys to be numerous in the Black
Canyon of the Yellowstone (Bonney and Bonney 1970). Conard (1926)

knew of one nest in a tree on the canyon rim by Garnet Mountain. One
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active nest was found in this canyon during my study. The osprey nest
on Eagle Nest Rock in the Gardner Canyon was probably the best;known
nest. in the park. Sawyer (1926) stated that 6spreyé nestedlon this
rock every year between 1872 and 1926. The 1ast‘kn0wn year of nest
occupancy was 1957 (Garrison 1957). The nest has apparently not been
occupled since and is now small and dilapidated. A nest formerly
found on the cliffs near Madison Junction (Marler 1951, Rogers 1955)
no longer exists, but an occupied nest was found about 1.5 km from -
this site in 1974.

The distribution of breeding ospreys in Yellowstone Park has-
apparently changed since former times. A reduction is suggested by"
reports of osprey nests in areas where no nesting 6spreys are now
-known to occur. These areas are the Upper Geyser Basin, Hayden Valley,
Pelican Valley, the upper Lamar River, Gardner Canyon, Gibbon Canyon
(Skinner 1917) and upper Astringent Creek (Condon 1940). Skinner ;omr
mented in 1917 that ospreys were slowly beginning to establish them-
selves near formerly barren waters. Lewis and Shoshoné Lakes, barren
of fish until~1890, probably represent a range expansion in the park.
One nest at Lewls Lake has been occupied all three summers, and a lone
osprey was seen at the west end of Shoshone Lake in 1972 and 1974.
Peterson (1956) élso observed a lone osprey several times in that area
of Shoshone Lake. Merriam (1873) did not report ospréys while at

Lewls and Shoshone Lakes in late August 1872. The present distribution
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of osprey nests is sh&wn in Figure 1. The maximum number of occupied
nests located during this study in each area is: Yellowstone Lake,
23; entire Grand Canyon, 6; upper Yellowstone River, 3; Bechler area,
3; Chipmunk Creek burn, 2; and one each at Heart Lake, Lewls Lake,
Black Canyon, Firéholé River and Madison’River, for a total of 42 nests.

Individual osprey nest historiles are presented in Appendix Table 28.

Movements and\Migration
Bald Eagle‘

Most data on movementsland wintéring areas wére gathered from
Superintendents' monthly reports, Yellowstone Nature Notes, Natural
History Field Observation Cardg, annual mid-winter waterfo&l and eagle
survey reéorts and reports by individuals. In all, overl750 indi- |
vidual sightings, mostly since 1960, were mapped by moth of obsef—
vation. -

Murphy (1961: 8) found that in the wiﬁter of 1960-61, "all
sightings of eagles were made along the major drainage systems, ﬁany
in proximity of hydrothermal activity". I found a similar winter
distributiog based on 361 sightings from 1 November through March.

The most important wintering areas seemed to be the Firehole and
Madison Rivers, the Yellowstone Rivér to Tower, the Lamar River to
Soda Butte Creek and lower Soda Butte Creek, the Lewis and Snake

Rivers near South Entrance and the Hayden and Pelican Valleys-

S
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northern Yellowstone Lake area (Figure 2). The Gibbon and Gallatin
Rivers seemed to be less importapt. Ihese areas all have some open
water all winter. Bison (Bison bison) winter in the Hayden, Pelican,
Lamar and Firehole Valleys (Meagher 1973) and elk (Cervus canadensis)
winter in the Lamar, Yellowstone, Gallatin, Madison, Firehole and
Gibbon Valleys (Houston 1974). The South Entrance eagle wintering
area seemed to be the only one not assoclated with wintering ungulates:
The eagles eat available carrion, but the open water would also provide
them with waterfowl and fish,; the most important summer foods. Wright
(1953) and Southern (1963, 1964) have also noted the importance of
open water to wintering bald eagles, but Enderson et al. (1976) reported
that bald eagleé were most frequently seen on the open plains far from
water during the winter in southeastern Colorado.

Murphy (1961) felt that Yellowstoné Park can and normally does
support a wintering population of at least a dozen bald eagles, except
during periods of environmental stress, which might cause the eagles.
to move to lower, more favorable areas. From October 1972 through
March 1973 I received 48 bald eagle sightings from Park Service
personnel. These sightings indicated a minimum of 14 eagles present
in October, a stable winter count of four to five and an increase in
March to nine. Most of the eagles probably leave the park during the
winter, although winter sightings may be low due in part to restricted

human movements. Some of the bald eagles which are seen along the
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Yellowstone and Madison Rivers below the park during the winter may
be eagles which have moved out of the park. Winter temperatures were
below average in 1972-73 and above average in 1960-61 and may have
contributed to the different estimates for the two winters. Little
carrion was available during either winter (Glen Cole 1974 pers.
comm. ).

The counts of bald eagles during the annual mid-winter waterfowl
and eagle surveys, usually conducted in early January, varied between
2 and 13 (Table 3). Southern (1963) found that a single count by

TABLE 3. COUNTS OF BALD EAGLES DURING THE ANNUAL MID-WINTER WATERFOWL
AND EAGLE SURVEYS IN YELLOWSTONE NATIONAL PARK.

Winter Total Count Immatures

1958=59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971~72
1972-73
1973-74
1974-75

not recorded
not recorded
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observers on the ground during any one day was an unsatisfactory
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. indication of the eagle population for an extensive area. The ratio
of-immatﬁres to adults from these counts, 0.08, was lower than the
ratio found during the summers, 0.33 (Table 1), suggesting that imma-~
tures are more prone to leave the park during the winter. Several
researchers have found that immatures move before, and farther south
than adults during the winter (Sprunt and Cunninghém 1962, Southern
1963, 1964, McClelland 1973).

Some bald eagles apparently move to the breeding areas in late .
March, if open water is‘present. This may accounf for the influx of
eagles observed in March 1973. However, most movement from wintering
to breeding areas apparently occurs'in early April. During May, the
sightings of adults are definitely clumped around breeding territoriés.
Skinner (1925) reported that migrating bald eagles were quite numerous
in March and April.

The eagles remain near the nests in May, Juné and July. During.
tﬁese months, only 2,l2 and 3 of 60, 67 and 74 adult sightings in May,

June and July, respectively, were far (over 10 km) froﬁ a known negting
area. Apparentl§ even unsuccessful birds stay near their nesting areas
during this period, although not cldsely associated with the nest itself.

In August, most sightings of aéults are in the general vicinity of
nests, but it 1s evident that at least some of the birds are moving.
Eagles were seen in all areas of Yellowstone Lake and on smaller

streams throughout the park. Fledging has occurred, and unsuccessful

Pt
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eagles may be*more prone to leave the nesting territory at this time. .
Hensel and Troyer (1964) found that on Kodiak Island, Alaska, bald
eagle territories were ﬁell delineatéd through August and that the
territories were maintained by the‘adults after young had departed
froﬁ the nests in late August; In the park, however, adults and
young~of-the-year were seen together away from nesting areas. Murphy
(1965) also observed that the fledged young, accompanied by the adults,l
gradually moved out from the nesting territories in mid-August. The
September distribution, based on 23 sightings, resembles that of August.

The eagles seemed to be most dispersed throughout the park in
October. Of 35 sightings, 11 were on the major wintering areas, five
were near nests (six including a nest on a wintering area) and the
remainder were dispersed throughout the pafk, including Slough Creek,
and the headwaters of the Lamar, Yellowstbne and Snake Rivers. By
November, all but one of 88 sightings were on the wintering areas
shown in Figure 2. The population éstimates in 1972 suggest higher
numbers of eagles in October an& that winter numbers were reached by
November. |

The migrating bald eagles which feed on spawning salmon in
Glacier National Park, Montana, begin arriving in October, reach peak
numbers in November and leave in December (McClelland 1973). Skaar
(1969) reported that in a portion of the Madison Valley, nﬁrthwest of,

but not adjacent to Yellowstone Park, the bald eagles normally arriﬁe
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about 20 November; the earliest record is 5 November. Numbers build
up gradually, reaching maximum abundance at the time of the major iée
break-up on Ennis Lake, about 1 April, and are usually gone by 25
April. These migrations differ from those found in Yellowstone Park
in that théy show major movements in November and DecemBer. In the
park, major movements seemed to be in October and, at least in 1972,
winter numbers were attained by November. This‘lends support to the
idea that wintering eagles in the park are a portion of the popu1a£ion
which breeds there.

The banding data for bald eagles in Montana, Wyoming and Idaho
are far too limited to determine the migratory behavior of the birds
in this area (Brian Sharp 1972 pers. comm.). However, it appears tﬁat
at least some eagles may move west to the Pacific Coast during the
winter. At least three nestlings which were banded in Yellowstone Park
have been recovered. One, banded in 1949, was killed the following
winter near the mouth of the Columbia River (Roger Contor 1972 pers.
’comm.). Two were recovered in California; one was banded as a "juve—l
nile" and recovered the following 0c£obér, the other was banded as a
"local or nestling" and recovered in January, 4.5 years later (Sergej

Postupalsky 1974 pers. comm.).

Osprey
Skinner‘(l9l7) reported that ospreys“arrived in the Gardner

Canyon about 17 April, but that they did not reach the Yellowstone‘
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Canyon or Lake unti} about two weeks later. The average date of 11
first sightings of ospreys in the Gardmer Canyon betﬁeen 1920 and 1961
is 9 April. During é flight on 25 April 1974, I observed ospreys at
nests in the Black Canyon and on the Madison River, but only one on
Yellowstone Lake, which was still almost completely qovered with ice.
Dunstan (1973) found that, in Minnesota, spring arri?al was at or
about the time that ice was melting f?om the lakes and streams in the
northern counties. The first birds were seen along the open water or
the larger rivers. |

Ospreys do not disperse in the fall as‘do bald eagles. They gener-
ally remain near nesting areaé and seem to be more attached to the
nests. Ospreys were often observed utiliziné unsucéessful nests as
feeding pl;tforms,in August.

Skinner (1917) reported that fall departure takes place about the
middle of September; he later (in Bent 1937) reéorded a late date of
7 October. Most of the ospreys were gone from Yellowstone Lake on 19
September 1972 and all had left by 21 September, a véry cold day
(Elwood Jones 1972 pers. comm,). Ospreys left the lake between 20 and
22 September- 1974 (Pat Ozmunt 1974 pers. comm.). From these reports,
it appears that ospreys are normally present in YellowétoneyNational
Park for about 165 days each year.

Apparently most North American ospreys winter in northern South‘

America. There are few recoveries of ospreys banded in the western
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United Statés, but they seem to indicate a general southerly movement

to the Gulf of Mexico, then towards South America following the

eastern coast of Mexico or the West Indies (Henny and Van Velzen 1972).
Band reéovéries indicate that yearling ospreys remain in South

America and the West Indies their first spring. About 55 to 50 percent

of the two-year-olds retﬁrn to their natal viciniéy, as do more than

90 percent of the adults (three years or o;der) (Henny and Van Velzen

1972).

Nest Sites and Nesting Distribution

Nest Site Selection

Quantitative measurements and comparisons of bald eagle and{osprey
nest sites from this study are summarized in Table 4. The differences
shown in the table geﬁerally feflect'differenées in morphology of the
nest trees required by the two species. Bald eagles generally build
large,'bulky nests and require strong branches or a crotch to hold
them, whereas ospreys build smaller, flatter nesfs; usually at the
tree's apex. Thus, bald eagles selected for the more spreading fqrﬁs
such as lodgepole pine (which may be spfeading or ﬁolé—like), thte—'
bark pine aﬁd Douglas-fir. Ospreys nested in‘the common pole-like
trees such as lodgepole éine, Engelmann sprﬁce'and subalpine fir,
.-preferably with broken tops. Bald eagles seemed to prefer living

trees, but a few more ospreys nested in dead than living trees. Both




TABLE 4. CHARACTERISTICS OF BALD EAGLE AND OSPREY TREE NEST SITES IN YELLOWSTONE
NATIONAL PARK.

Bald Eagle Osprey Statisti-
No. or Range or No. or Range or cally
Parameter Mean Percent n Mean Percent n Different
Mean nest height (m) 21 (10-37) 24 23 (6-33) 45
Mean tree height (m) 26 (16-41) 24 23 (10-33) 45 *
Mean tree dbh (cm) 62.0 (35.6-100.8) 24 58.9 (28.2-136.4) 45
Mean distance to water (m) 107 (5-580) 24 124 (2-1430) 45
Mean tree density at site
(trees/ha) 63.7 (17.4-500.8) 23 23.5 (3.0-1428.6) 42 3
Species of tree 24 33 *
Lodgepole pine 17 (70.8%) 13 (39.4%)
Engelmann spruce 3 (12.57%) 10 (30.3%)
Subalpine fir 0 10 (30.3%)
Whitebark pine 3 (12.5%) 0
Douglas-fir 3: {as22) 0
Tree species selected! 7 (29.2%) 24 2 ( 6.1%) 45 *
Nests in living trees 21 (87.5%) 24 19 (41.3%) 46 *
Nests in trees with broken
tops 0 (0.0%) 40 (87.0%) 46 *
Relationship of nest tree
to surrounding trees? 24 45
Larger 16 (66.7%) 33 (73.3%)
Similar 8 (33:3%) 7 (15.67)
Smaller 0 5 (11.1%)

lInstances where the nest tree was not one of the common tree species in the immediate area.

2Comparing height, dbh, or both.

*

Differences significant at p<.05 level.

3pata not of a quality to compare statistically.

_EE_
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species seemed to prefer to nest in one of the largest trees in the
immediate area. These results are quite similar to those reported by

Mathisen (1968a) from Minnesota.

Ospreys did not seem to prefer a particular tree density, nesting -

in dense forests'to very open burns. Bald eagles utilized a narrcwer
range of tree density and seemed to prefer nesting near an opening,
either water or a meadow, since most nests were within 50 m of such an
opening.

Murphy (1965) reported that it was not unusual to find Eore than
one nest in a given bald eagle nesting territory:. I found a mean of
1.79 nests per territory (assuming that the Shoshone Channel and Lewis.
Lake nests comprise one territory). Five territories (35.7 pe;cen;)
contained one nest, eight (57,1 percent) had two and one (7.1 percent)
had four. In tree-nesting ospreys, a frustfation, or alternate, nest .
was present in 26.5 percent of 34 "territories". These nests seemed
to be eépecially vulnerable to wind, so this proportion would Qary

from year to year and during a given vear.

Factors Affecting Nesting Distribution

The most obvious factor determining the park-wide nesting diStfi—r
bution of both species is water, prébably because both feed primarily
on watgr—associated organisms. The mean distance to water was not

statistically different for the two species (Table 4) and, except for‘
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three osprey nests, the nearest water was a large lake or major stream.

4

These three nests were on Chipmunk Creek, 3 to 6 km from Yellowstone

Lake. .y

et

Murphy (1965)'£éﬁégﬁiéed three gross requirements in hest;site

o Gt

selection by bald eﬁgigé~in Yellowstone'Park; prokimity to :large lakes

B
o8

or major streams, presence‘of a deperidable aﬁd readily ayqiléble food
source and freedom from human disturbance or interveﬁti;n;, The presence
of open water in mid-April may be an éddifidnal rgqﬂ;%émeﬁt because
egg—-laying occurs about 15-20 April and the average icéibut on the
lékes is the end of May. This is subsfantiatgdfwhgn ghe nest distri- 1
bution is mapped in relation to open water obsspﬁéd on 25 April and

11 May 1974, an‘exc;ptionally late spr%qgkfFigure 3). The areas open
at this timé Were.riygrs‘énd,large cfééks, lake inlets and outlets,

and the shallgﬁ‘érea; around the shores of Yellowstone Lake, especially
those bays partially enclosed by sand spits. Ducks were present on
these ice-free areas during both flights. The territory on the
Promontory was the farthest from open Qater; however, there were open
areas at Plover Point, where these birds were observed later in the
summer, and on the‘ﬁest shore of thé Sbuthéast Arm. Robards and King
(1966) noted that, in Alaska, bays that were covered with ice into the
nesting season were not used for nesting by bald eagles. The paucity
of nesting bald eagles on the eastern shores of Yellowstone Lake may

be related to the lack of open water in the spring along this shore.




7

/, { N

p 5 5598/ it
4//%2%}\ 4%??}‘4224/7 EVA

N

>
-_— —— e ——— lv \
)

slicds ov K
f#v % 2

z R

= / ! S

g H )
\‘\\:E Yellowstone 5 LEGEND

= ellowsto
= A \( e lake
e " Qi ~— Road

®  Developed Area

> A Bald Eagle Territory
A

> Shoshone
:
A

Open Water on Lakes

B i i T o Gt s T s i R s e

Kilometers

Lun Z % Ungulate Wintering
i l..'t ? o Area
£ &
/\ /%) m Hs /"
v 3 ) S p ek

Figure 3. Map of bald eagle territories in relation to open water on

lakes in late April and ungulate wintering areas in Yellow-
stone National Park. Major streams are open in late April.
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In contrast to the apparent importanée of early open water, only five
territories were located on or near important ungulate wintering areas
where carrion would usually be available in the spring (Figure 3).

The presence of ice did not affect the placement of osprey nests
because they generally nested at thg time of ice—out. High winds which
buffet the no;th and east shores of Yellowstone Lake may account for
the paucity of osprey ﬁests there. These shores also received little

use by nesting ospreys in 1924 (Sawyer 1924).

Relation to Burns

Fire is an int;gral part of the Yelloﬁstone ecosystem. In the
northern portion of the park, Houstoﬁ’(1973) found that fires’occurred
about every 20 to 25 years before suppressive actions were initiated.
Only 3 of 24 bald eagle nests were in completely dead trees,‘one of
which was killed by fire. Of these, the Fishing Bridge nest was
occupied and one at Tern Lake was active during this study. According
to Murphy (1965), the Fishing Bridge nest tree was alive in 1965 and
the initial Tern Lake nest tree, killed by the White Lake fire of 1953,
was abandoned in favor of a smaller, living tree. Both Tern Lake nest
trees are‘now dead and the initial free‘is being usedcl Howell (1937)
noted that, in Florida, ba;d eagles seldom bufld nests in dead trees
but often continue to use a nest tree after ié has died. Two other

nests occurred in burns, Shoshoﬁé_Channel and Southeast Arm SW, but '
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both were in living trees. The Shoshone Channel nest.was present
before the burn (Dale Nuss 1972 pers. comm.). '

Table 5 contains data on the relationship of burns to the condition
of nest trees used By ospreys. All nests in burns were in dead trees
whereas in unburned areas, nests occurred'in living and dead trees in
siﬁilar proportions. Fires may produce nesting sites for ospreys, but
they are'apparently not essential for ospreys nor do they seem to
greatly affect nesting distribution.

TABLE 5. THE RELATIONSHIP BETWEEN BURNS AND THE CONDITION OF OSPREY
NESTING TREES IN YELLOWSTONE NATIONAL PARK.

Tree Condition

Living Dead . Total
Nest Location No. % No. % No. %
In a burn 0 0 11 - 100.0 11 25.0
Not in a burn 19 57.6 14 42.4 33 75.0

Total 19 43.2 25 56.8 44 100.0

Nesting Chrbnology
The dates of  egg~laying, hatching and fledging could only be
estimated, since most of the nests were checked infreqﬁently with an

airplane.

Egg~-laying
Bald Eagle. During the earliest flight, 25 April 1974, five bald

eagles were in incubation posture on the nests. During the next flight,n
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11 May, one additional eagle was observed in incubation posture. No
eggs Wer; observed in the latter nest on 25 April, but one adult was
perched nearby. The eggs were either covered (Herrick 1932), or had
not yet been laid. This; with other information discussed later,
suggests that incubation probably begins about 15-20 April. Brown and
Amadon (1968) stated that bald eagles generally initiate nesting
activities in March in thé north, but ﬁay lay eggs well into May in
far northern Canada neér late~thawing lake;.

Houston (1969) reported that bald eagles begin nesting in mid-
March in Grand Teton Park, 50 km south of Yellowstone Lake. This is
one month before Yellowstone eagles.

Osprey. Skinner (1917) reported newly completed osprey clutches
as early as 20 May and as late as 25 June in the park. He also noted
that nesting was d4s early around Yellowstoﬁe Lake (eleQw‘2357 m) as in
the Gardner Canyon (1676 m). Ospreys were seen in incubation posture
in the Grand Canyon on 19 ﬁay 1974 (John Baglien 1974 pers. comm.) and
on Yellowstone Lake on 28 May 1972 and 29 May 1973. I observed omne
egg in a nest on Frank}Island on 29 May 1973 which later held two
young. In 1974, one nest on Yellowstone iake, empty on 9 June, con-
tained one egg on 7 July. As will be discussed later, the average date
of the beginning of incubation in the Grand Canyon seemed to bg 15 May,

while in 1973 it seemed to be 29 May on Yellowstone Lake.
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Hatching

Bald Eagle. Bald eagles brooded their newly hatched young
closely. I observed young only in the gray downy stage; which is
present during the fourth and fifth weéks of life (Herrick 1933).

This indicates hatching was between 25 May-8 June 1972, 16-30 May’

1973 and 7-21 May 1974. Alternatively, adding a 35-day incubation
period (Herrick 1932) to the estimatedldaté of egg—laying,~15-20 April,
glves the interval 20-25 May as a reasonable estimate of the hatching
period. In addition, only one eagle was observed to abandon unhatched
eggs in May (before 29>May); other unsuccessful eagles, except one, had
abandoned before the first flight in qune. ,

Osprey. Reports of the incubation period of American ospreys
range from 28 days (Skinner 1917, Bent 1937) to at least 31 to 43 days
(Garber and Koplin 1972). 1In 1973, I observed two eggs in each of two
nésts on 29 May and 7 July on Yellowstone Lake. Three of these eggs
hatched, after being in the nest for éiminimum of 40 days.

From two historical reports, the average hatching‘date for ospreys
in the Gardner Canyon was 14 June. Comparable data for the Grand
Canyon were 6 July (from six historical reports before 1923), 24‘June
(from five historical reports after 1930) and 25 June (from seven ob-
servations during this study)._ The beginning of incubation was about
15 May, assuming a 40—da§ incubation. My best hatching data for

Yellowstone Lake were from 1973. On 7 July, I observed young in two
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nesés, and eggs, which later hatched, in three nests. I saw two eggs
and one very small chick in a nest which later had two chicks and one
egg; In addition, i recorded three nests, which later contained young,
as empty. These nests may have contalned newly hatched young, since
their coloration closely resembles that of the nest lining (Bent 1537).
These observations indicate the peak of hatching was about 7 July and

. the beginning of incubation, assuming a 40-day incubation period, was
about 29 May on Yellowstone Lake in 1973. 1In 1974, I also checked the
nests on ? July, but the only young seen, excluding the Grand Canyon,
waé in a nest on Chipmunk Creek. On 22 July I noted that young on the
lake seemed smaller than I expected fpr that time of year and smaller
than the young on Chipmunk Creek, which suggested a later hatch on the
lake in 1974.

During this study, eggs in the Grand Canyon hatched about two
weeks earlier than those‘on Yellowstone Lake, contrary to Skimmer's
(1917) observation. But within these two areas, hatching, judged by
the size of the_fougg, seemed to be well synchronized. The only ex~
ceptions were two late nests on Yello&stone Lake in 1974. Observations
suggest that the ospreys in the Blgck Canyon and on the Madison River
nest at about the same §ime or som;what earlier than those in the
Grand Canyon.

The breeding seassn for ospreys in Yeilowétone Park is apparently

later than for ospreys ﬁesting in other locations at this latitude.

Y
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Eggs hatch in early June at Flathead Lake, Montana (D. L. MacCarter
1972) and in late May to.June in northern Idaho (Johnson and Melquist
1973). 1In fact, the beginning of the breediﬁg'season on Yellowstone
Lake resembles an arctic situation, since egg-laying is in late May or
early June at the northern fringes of its range (Brown and Amadon
1968). This is probably due to the greater altitude of Yellowstone

Park and the correspondingly later spring.

Fledging
Bald Eagle. The average known fledging date for nine eaglets‘in
Yellowstone Park, based on seven fledgings during this study and two
‘from Murphy (1961), was 7 August and varied from 24 July to 20 August.
If we assume that the averagé hatching period was 20-25 May, the
eaglets fledged at an average age of 10.5 to 11 weeks. This compares
with 10 to 13 weeks reported by Herrick (1933) and 10 to 12 weeks by
Sprunt et al. (1973).

Osprey. My most complete data on fledging in ospreys are from thé
Grand Canyon. The average of 10 first flights (eight from this study
and two from historical records) was 16 August and ranged from 14 to
29 August. The average minimum age of the fledglings was 52 days.
Skinner (1917) observed that ospreys in the park generally left the
nest at 35 to 45 days of age. The average of five first sightings of
fledged ospreys on Yellowstone Lake in 1972 and 1973 was 24 August,

reflecting the later hatching‘dates on the lake.
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Although the fledging dates in the canyon were normal in 1974
(15 August), they seemed to be later on Yellowstone Lake. I did not
observe the young to fly from one nest I watched on 29 through 31
August and Peggy Davenport (1974 petrs. comm.) reported that the young
in a nest she watched had not fledged by 26 August.. I found that.the
latter young had fledged by 9 September. At the third nest with young,
I did not observe young out of the nest on 22 August, but Pegéy

Davenport (1974 pers. comm.) reported that both young were flying quite

well on 5 September. This is another indication that ospreys on Yellow- -

stone Lake hatched later in 1974 than 1973.

On Yellowstone Lake, the average first flight for ospreys in 1972
and 1973 was three to four weeks before the average fall migration,
19-22 September. The young do not leave the nest permanently after
the first flight, but are associated with it for over a week gffé#wgrd

(Brown and Amadon 1968).

Reproduction

!

Eggs ‘ '

Bald Eagle. 1 did not observe any bald eagle eggé‘during this
study. Aerial reconnaissance provided_;he only potential oppPrtunity,
but the airplane did not cause incubating  birds to move.

Osprey. Data on osprey clutch siées, except from the Grand Canyon,

were gathered during the aerial surveys and are, therefore, subject to
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observational error. However, counts of eggs in individual nests
remained quite consistent from flight to flight. A further bias may
have been introduced since data were gathered throughout the incubation
period, so some eggs may have been lost before the clutch was first
observed. Egg data are not available from the Yellowstone Lake area
in 1972; because the ospreys were much 1eés inclined to stand or legve
the nest than in suBsequent years. The average size of 34 clutches
for the three &ears was 2.23 eggs. Fifteen pércent of the clutches
contained one egg, 47 percent two and 38 percent three eggs. No
clutches of fouf were observed. Other investigators have reported
larger averagevclutch sizes, such as 2.77 based on 80 clutches in
California (Garber 1972), and‘2.78 based on 479 clutches in the‘Chesé—
peake Bay area (Reese 1970). Bent (1937) stated that an osprey clutch
almost igvariably contains three eggs, but Skinner (1917) noted. that
two or three eggs constituted a set in the park.v D. L. MacCarter
(1972) found 2.37 eggs per clutch from a sample of 58 clutches on
Flathead Lake, but he did not check the nests until june, when hatching
begins. These_observations suggest that the clutch size of 2.23 may
be low.

There was an indication that the clutch size varied between years
on Yellowstone Lake. In 1973, 11 nests coﬁtained én average of 2.36
eggé, while in 1974, 10 nests held an average of 2.10 eggs. The

average of eight clutches in the Grand Canyon over three years was
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2.37, which wés similar to the 1973 meaﬁ from Yellowstone Lake,
calculated from da£é collected during flights.

Several researchers have found that the failure of eggs to hatch
was the most important mortality factor during the nesting period
(Ames and Mersereau 1964, Ames 1966, Wiemeyer 1971, D. L. MacCarter
1972). Similér data were obtained in this study. Téble 6 summarizes
the hatching rates in nests with a known clutch size and illustrates
that egg hatchability apparently varied between localities and years.

TABLE 6. APPROXIMATE HATCHING RATES OF OSPREY EGGS FROM VARIOUS AREAS
OF YELLOWSTONE NATIONAL PARK, 1972-74.

1973 1974 1972-
No. No. 741
A Young of Percent Young of Percent Percent
Area Hatched Eggs Hatched Hatched Eggs Hatched Hatched
Nests along Cos '
streams 6 14 437 3 6 50% 417
Nests on Yellow- : .
stone Lake 8 - 26 31% 3 23 137 227%
<1 km to campsite 1 12 8% 1 8 12% 10%
>1 km to campsite 7 14 50% 2 15 137 31%
Total 14 40 35% 6 29 217 29%

1Includes 2 young hatching from 7 eggs in the Grand Canyon in 1972

(28% hatched). ’
None of the differences in hatchability are statistically significant at
the five percent level of probability, but the differences between the

two areas of Yellowstone Lake in 1973 (X2=3.49, d.f.=1, 0.05<p<0.10)
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and between streams and the lake in 1974 (X%=3.02, d.f.=1, 0.05<p<0.10)
approach this level. Others have reported hatching rates of 65 percent
at Flathead Lake (D. L. MacCarter 1972), 55 percent in California
(Garber 1972), 44 percent in Maryland (Ames 1966, Reese 1970) and 18.8
percent in Connecticut (Ames 1966). The populations in Montana and
Maryland were reported to be stable and that in Connecticut, declining.
In the park, only the eggs in nests along streams in 1973 and 1974 and

in the nests on Yellowstone Lake far from campsites in 1973 had hatch~

» ing rates comparable-‘to these stable populations.

Young

Bald Eagle. The average brood sizes of advanced young ba;d eagles
duringgthié study and from 1960-~68 are preéented in Tables 7 and 8.
These data, combined with observations.ffom Bailey (1930).and Rogers
(1949) yielded an average brood size of 1.17 young from 24 nests. The
most common bfbod size was one young (12 nests, 87.5 percent); only
two nests (8.3 percent) contained two young and one nest (4.2 percent)
held three young. This brood size is lower than that reported for
other areas. Data from 22 bald eagle nests with advanced young in
Grand Teton National Park (Huser 1968, Houston 1969, Bob Wood 1974
pérs. comm.) indicate a mean brood size of 1.73. Sprunt ét al. (1973)
reported from 1.29 to 1.60 advanced young per sucgessful nest for six

bald eagle populations. No nestling mortality was observed during my
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TABLE 7. REPRODUCTION OF BALD EAGLES IN YELLOWSTONE NATIONAL PARK,

1972-74.

Statistic 1972 1973 1974 1972-74
Nesting territories observed (A)! 11 13 14 38
Occupied nests (B) 9 11(10)2 1kl 31(30)2
Percent occupancy (B/A) 81.8% 84.6% 78.6% 81.6%
Occupied nests, activity known (C) 6 10 10 26
Active nests (D) 4 8 6 18
Percent active (D/C) 66:../% 80.0% 60.0% 69.2%
Successful nests (E) 3 3 1 7/
Nest success (occupied) (E/B) 3837 30.37% 9.1% 23.3%
Nest success (active) (E/D) 75.0% 37+.5% 16.7% 38.9%
Young fledged (F) 3 3 4 7
Brood size (F/E) 1.00 1.00 1.00 1.00
Productivity (occupied) (F/B) "0.33 0.30 0.09 023
Productivity (active) (F/D) 0575 0.38 0.17 0.39

1Assuming the Shoshone Channel and Lewis Lake nests constitute one
territory.
20utcome of one nest unknown.

TABLE 8. REPRODUCTION OF BALD EAGLES IN YELLOWSTONE NATIONAL PARK,
1960-68 (from park files and Murphy 1960, 1961).

Statistic 1960 1961 1962 1963 1965 1968
Nesting territories observed @'l 9 10 5 13 8 10
Occupied nests (B) 7 9 4 5 3 8
Percent occupancy (B/A) 77.8% 907% 80+-0% 38.5% 37.5% 80.0%
Successful nests (C) 5 5 - il 2 -
Nest success, occupied (C/B) 71.4% 55.5% - 20.0% 66.7% -
Advanced young (D) 6 5 1 3 2 1+
Brood size (D/C) 20200 150080 3.00 1.00 -
Productivity, occupied (D/B) 0.8 0.56 - 0.60 0.67 -

1Including the Shoshone Channel and Lewis Lake nests in the same
territory.
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study.

Osprey. The average osprey brood size was similar for the three
years (Table 9) and did not vary greatly between the stream and Yellow-
stone Lake nests (Table 10). Including young which died in the nest,
the average brood size was 1.58. Twenty-two nests (45.8 percent) held
one young, 24 nests (50.0 percent) two and only two nests (4.2 perceﬁt)

contained three young. The average brood size of advanced young was

1.55.

TABLE 9. REPRODUCTION OF OSPREYS IN YELLOWSTONE NATIONAL PARK,

1972-74.

Statistic 1972 1973 1974 1972-74
Total occupied nests 31 41(39)1 37 109(107)
Occupied nests, activity known (A) 30 39 36 105
Active nests (B) 27 34 31 92
Percent active (B/A) 90,02 1F8722% 1 861X 87.6%
Successful nests (C) 14 19 i 44
Nest success, occupied (C/A) 4527 LGB EI% v 129 7% 4L 1%
Nest success, active (C/B) SLE9% . 55:9% 135.5% 47.8%
Advanced young (D) 21 30 &7 68
Brood size (D/C) 15550 1.58 1.55 1.55
Productivity, occupied (D/A) 0.68 0% 77 0.46 0.64
Productivity, active (D/B) 0.78 0.88 0.55 0.74

loutcome of two nests unknown.

Estimates of chick mortality were 9, 11 and 22 percent in 1972,
1973 and 1974, respectively. A total known loss of eight nestlings
during the three years constituted an estimated 14.3 percent mortality.

In four cases the entire brood of one or two were lost and in the













































































































































































































































































































