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ABSTRACT

This study was undertaken to record the
known history of the Peregrine Falcon (Falco
peregrinus) in Utah as we have been able to
construct it from both the literature and from
our original research that extends over about a
30-year period in the state. The present total
population of the peregrine in Utah is possibly
only 10 percent of what it has been in historic
times. In an effort to find explanations for the
decline, we have explored hypotheses of cli-
matic changes, impact of pesticides, disease,
and human disturbances. We conclude that
pesticide contamination and climatic changes
may have been the major reasons for their de-
cline in Utah.

A general background of the geographical
and ecological distribution of the species in
Utah is provided as are also details of its nest-

ing behavior from some Wasatch Mountain
eyries. Our data suggest that its nesting density
along the Wasatch Mountains was about the
same order of magnitude as nesting densities
in other regions of North America that are gen-
erally considered more favorable to the pere-
grine.

We have considered some of the environ-
mental factors that may limit the species in Utah
and L",pt‘ud"\ its rehtlonslnp with a congener,
the Prairie Falcon (Falco mexicanus). We con-
clude that the peregrine may live jointly with
the Prairie Falcon with a minimum of intra-
specific competition. We present evidence which
suggests that the peregrine has been in Utah
since the late Pleistocene and that it has had a
long history of sympatric existence with the
Prairie Falcon.

INTRODUCTION

Breeding populations of the Peregrine Falcon
(Falco peregrinus) have declined sharply over
much of its historic range in North America and
Europe during the last two decades. Although
this decline has been well documented for many
areas (Hickey, 1969), little has been published
on the status, past or present, of the species in
the Great Basin, especially as a breeding bird in
Utah, an area encompassing 84,916 sq miles
(219,932 km?).

We wish, therefore, to phce on record our
observations of the peregrine in Utah from data
collected over the past 30 years. In presenting
these data, it is our purpose to: (1) describe
the ecolng:cﬂ distribution of the species in the
state, (2) delineate the ecological factors which

1Present address: Bureau of "-]lel Fisheries and Wildlife,
88 West First North, Prove, Utah 84601
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may have limited its distribution and breeding
success there, (3) describe its food and habitat
niches, (4) discuss its competition with related
species, especially the Prairie Falcon (Falco
mexicanus), and (5) compare its present levels
of population with those formerly known,
since peregrines in Utah have not been immune
to the decline that afflicted its populations else-
where. Because the known active eyries of this
species in the state are now only about 10 per-
cent of those known to have been present earlier
in the century, another of our objectives is to
(6) discuss and evaluate the factors which may
have led to the near extirpation of this species
in the state.

Intermountain Forest and Range Experiment Station, Federal Building, Rm B2,

Provo, [Utah 84602
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GEOGRAPHIC DISTRIBUTION

Historic Records

The peregrine was not mentioned in the or-
nithological literature for Utah until 1871, when
it was reported by Allen (1872) to prey on
waterfowl about the marshes of the Great Salt
Lake near Ogden. He found it to be common
there in September. The next to mention the
presence of the species was Henshaw (1874),
who with Yarrow, collected 600 specimens  of
birds representing 165 species on a trip from Salt
Lake City to St. George between July and De-
cember 1872. The peregrine was considered h},
Henshaw to be a rather common resident in
Utah and to nest in the state. Henshaw's later
account (1875) mentions only an observation
of this species by Allen (1872) in the vicinity
of Ogden, thus opemng to question the source
of his data supporting the status of the species
in Utah.

The lack of observations by Allen (1872)
of the Prairie Falcon in the Great Salt Lake Val-
ley and the complete absence of this spccws in
his account of the birds encountered in Kan-
sas, Colorado, Wyoming, and Utah is difficult
to understand, since the peregrine apparently
was noted at all but two of Allen’s collecting
localities and a specimen (young bird) was ob-
tained by him (ibid.) at Fairplay (South Park),
Colorado Territory. Did Allen (ibid.) overlook
the Prairie Falcon or did he consider all large
falcons to be peregrines? Nevertheless, his ob-
servations of the peregrine along the Great Salt

Lake marshes probably were accurate, as the
specics has been seen there many times since
then. Although Ridgway (1874, 1877) found
the Prairie Falcon to be common in the rocky
canyons of the Wasatech Mountains and a rare
breeder Jhmg cliffs of canyons and valleys in
Salt Lake City and mltfhhmhm;d in 1869, he
d[}pdl{lltl\ made no ulm rvations of the pere-
grine in Utah. Several earlier naturalists and
explorers  (Fremont, 1845; Stansbury, 1852;
Baird, 1852; and Remy and Brenchley, 1861)
also failed to mention the presence of thu pere-
grine in Utah.

Spe-':imen Records

Specimens from both the arctic tundra pop-
ulation (F. p. tundrius) and the more southern
pu]m] wion (F. p. anatum) have been taken
in Utah during the winter months. A specimen
of the tundrius race, identified by C. M. White
(CMW), was found shot and wounded by R.
Vern Bullough on 15 December 1956, near

Farmington Bay, Davis County. (For a dis-

cussion of peregrine systematics, see White,
1968b. )

A male specimen of unknown racial affini
was collected by Wolfe (1928) near St. George,
Washington County, on 5 February 1926. ]o%m
Hutchings (Bee and Hutchings, 1942) collected
a specimen of anatum (sensu lato; western sub-
group) (CMW) near Pelican Point, Lake Moun-
tains, Utah County (date not given, Woodbury,
(‘ott.lm and Sug_,den unpubl. ms, indicate speci-
men was taken alive, 2 August 1935). Five
specimens (Twomey, 1942 )—a male, molting into
adult plumage; an adult female, collection date
not given; and three males, collected on 23
April and 5 and 23 August in 1935 at the Ash-
ley Creek marshes, Uintah County—were as-
signed to the race anatum (sensu lato; western
subgroup) (CMW).

Woodbury et al. (unpubl ms) record the
following additional specimens by county: Box
Elder, at Bear River marshes, specimens taken
1 July and 6 September 1914; 14 September
1915; 28 July and 28 September 1916 (U.S.
Biol. Surv.); 18 August and 7 September 1927
(Phil. Acad. Sci.); all anatum (sensu lato;
western subgroup) (CMW). Davis, Jordan Fur
Farm, W of Bountiful, 5 January 1939 (Univ.
Utah Coll,; UU) anatum (sensu lato).Salt Lake,
near Salt Lake City, 4 September 1947 (UU).
Iron, near Cedar City, 12 May 1936 (Chicago
Field Mus.; LBB), anatum (sensu lato; western
subgroup) (CMW). Uintah, Ashley Creek
marshes, a young male in 1937 (Carm'g_,w Mus.).
Washington, Zion Canvon (Zion National Park),
16 July 1939 (Zion Park Museum) anatum
(sensu lato; western subgroup) (CMW).

Additional specimens of F. p. anatum (sensu
lato; western suh;mup} have been examined
by C. M. White for Emery County, two ﬁpCCl-
mens, July; and Salt Lake (uunrv two speci-
mens, January and November.

Nesting Records

Historically, the peregrine is known to have
nested in 13 counties of Utah and is suspected
of nesting in at least three others. Figure 1 shows
the pattern of known and suspected breeding
distribution in Utah, and Table 1 gives their
known histories in the state.

The first recorded eyrie for the state was an
observation by Juhmtm (1899), who in May
1898, found three young peregrines in a shallow
cave under an overhanging rock of an 80-foot
(24 m) cliff [Land liml\] in Lake Mountains,
west of Utah Lake, Utah County, and five eggs
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Fig. 1. Pattern of known and suspected breeding distribution of the Peregrine Falcon in Utah. Letters for the
regions and numbers correspond to those on Table 1. The line running nearly vertically through the center
of the state separates the Great Basin from the Colorado River Basin. The west face of the Wasatch Moun-
tains bisects area A and is en(-urnpus.\'cd within the northern and southern boundary of the area. I.ightl_v
stippled area between regions A and B delimits the Great Salt Lake Desert, although there are also other
areas of salt flats at the southwest edge of the Great Salt Lake that are not classified within the confines

of the desert.
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Peregrine eyries in Utah. Eyrie site numbers and letters for regional areas correspond with those

Last Known to be Active
Date

Observer

A—Great Basin Region—Surrounding Utah and Great
Salt lakes, and North Central Utah

Bee and Hutchings (1942)

Porter et al. (unpubl. ms)

Morlan Nelson (pers. comm., 1971)
Boyd Shaeffer (pers. comm.)

R. ]J. Erwin, J. F. Poorman

Treganza (in Woodbury et al.,

R. D. Porter & R. ]. Erwin
Morlan Nelson (pers. comm., 1971)

C. Wilson (pers. comm.)
(pers. comm. ), one
young female taken for falconry

Boyd Shaeffer (pers. comm.)
reported eyrie to have been
found and photographed in
the 1930°s by a different party
R. D. Porter and Jack Hagan
(unpubl. data), birds seen,

Treganza (in Woodbury et al.,

L. R. Wolfe (in field notes
of R. G. Bee), seen carrying

Morlan Nelson (pers. comm., 1971)

Boyd Shaeffer (pers. comm.),

Dr. Harold Austin (pers. comm.)
R. D. & R. L. Porter, and R.

Boyd Shaeffer (pers. comm.)
Clyde Ward (pers. comm.)

Boyd Shaeffer (pers. comm.)
C. M. White (unpubl. data)
Del Diamond (pers. comm.)

Cl)‘dv Ward (pers. comm.)
Morlan Nelson (pers. comm.)

Clyde Ward ( pers. comm.)

4
Table 1.
given in Figure 1.
Site First Located and Subsequent History
No. Date Observer
1 1898 H. C. Johnson (1899)
A 1940 R. G. Bee (field notes)
1939-42 Nelson (1969)°
3 1935
4 ca. 1926-27 L. R. Wolfe (in letter)
1939-42 Nelson (1969)°
1954
1956 C. M. White
5 19405
6 1939-42 Nelson (1969)°
7/ 1939-42 Nelson (1969)°
1943 R. D. & R. L. Porter
(unpubl. data)
8 ca. 1900-207
unpubl. ms)
1939-42 Nelson (1969)°
1943
(unpubl. data)
9 1939
10 1939-42 Nelson (1969)°
1950
1955 Lorin Ca.rw{
11 1939-42 Nelson (1969)°
12 1939-42 Nelson (1969)°
13 19405
1951
eyrie not located
14 ca. 1900-20
unpubl. ms)
1926-27
food toward cliffs, and
Wolfe (1928)
1939-42
19405 s
took young from eyrie
15 1930
16 1943
. Erwin (unpubl. data)
19405
17 19305
19405
1950s
1967
18 19305
1939-467
19 1930-32
20 1946-?

I']nj.'(l Shaeffer (pers. comm.)
Marcus Nelson?

Early H. C. Johnson (field notes

19005 of R. G. Bee)

1940 R. G. Bee (field notes)
Nelson (1969)

1957-58 C. M. White (unpubl.
data)

1953 R. ]J. Erwin (unpubl.
data)

1969 C. M. White (unpubl.
data), single bird

1956 C. M. White (unpubl.
data)

1952 R. J. Erwin (unpubl.
data)

19687 Clyde Ward

1954 Clyde Ward

1969 H. Austin and L. Wakefield
one adult seen.

1930-32  Clyde Ward (pers. comm.)
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Table 1 (Continued)
21 (SNV)? ca. 1926-27 L. R. Wolfe (in field notes of

R. C. Bee)
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22 (SNV) 1939-42 Morlan Nelson (pers. comm., 1971) 1970 C. M. White (unpubl.
data)
B—Great Basin Region—Great Salt Lake Desert
23° 1942 H. Webster (letter, 1961) 1959-60 C. M. White and Gary D.
Lloyd (unpubl. data)
24 1942 H. Webster (letter, 1961)
C—Central Utah, eastern edge Great Basin, western edge
Colorado River Basin (Plateau)
25 ca. 1939 Gunther and Nelson (in Woodbury
et al., unpubl. ms.)
26 1969 C. M. White (unpubl. data) 1969 C. M. White (unpubl.
data)
27 (SNV) 1960 G. G. Musser, A. D. Stock, and
C. M. White (unpubl. data)
28 1961 White and Lloyd (1962) 1964 C. M. White and G. D.
Lloyd (unpubl. data)
D—Colorado Plateau and Navajo Country
29 (SNV) 1916 & Woodbury and Russell (1945) 1961 C. M. White and G. D.
1936 Lloyd (unpubl. data),
pair seen in area
30 (SNV) 1958 R. J. Erwin (unpubl. data) 1962 G D. L]Dyd (unpubl. data),
1959 R. D. Porter (unpubl. data) adult in general area
31 (SNV) 1953 Behle (1960)
32 1958 G. L. Richards (pers. comm.),
saw fledged young
33 (SNV) 1958-59 C. M. White (pers. comm. from
M. Hopkins, unpubl. data)
E—Uinta Basin and Upper Colorado River Basin
34 1937 Twomey (1942) 1961 G. L. Richards (pers. comm.),
at nearby locality
35 (SNV)  1935-? Twomey (1942)
1965-66 E. Peck, W. Pingree, and ]J.
Gaskill (pers. comm.)
F—Southwestern Utah, edge Great Basin; and Virgin River Valley
36 (SNV) 1961 C. M. White and G. Worthen 1961 C. M. White (unpubl.
(unpubl. data) data)
37 1936 W. S. Long (breeding female 1962 C. M. White and G. D.
collected ) Lloyd (unpubl. data),
an adult in area
38 1939 Grater (1947) 1964 Wauer and Carter (1965)
1966 C. M. White (unpubl.
data), lone adult seen
39 (SNV) 1963 Wauer and Carter ( 1965)
40 (SNV) ca. 1926 Wolfe (1928)

:,\13_\' be an alternate site for number 1: located only

2SNV, (suspected, but not wverified

have been seen one or more times, in the authors’ opinions, the sites
¥The eyrie proper is about 0.5 mile (0.8 km) into Nevada
*These sites are the ones referred to by Nelson (1969);

Apnl 1969

on the same ledge on 30 March 1899 (Figs. 1-5;
Table 1, site 1). While circling Utah Lake, John-
son (ibid) noted Long-billed Curlew ( Numenius
americanus), snipes ( Capella gallinago ), bitterns
(Botaurus lentiginosus), and a goodly number
of ducks of various species which prfﬂ)ablv
served as a food supply for the peregrines.
Bee and Hutchings (1942) report finding a
nest containing four fresh eggs on a ledge over-

2 ar 3 males (3.2
adults were observed at these localities, but

their locations were communicated to us in a letter from Nelson

from site number 1, but nearly 40 years later.
eyrie sites not actually located; although adult birds
TChe validity of these sites is probable.

or 48 km)

need further verification,

dated 25

looking Utah Lake, (5 miles south of the Land
Rock site) near Pelican Point in the Lake Moun-
tains, 20 May 1935 (Fig. 1, Table 1, site 3).
Thev collected the adults to \tnfx 1dent1f10‘1tmn
Local residents report that peregrines had been
observed nesting there for many years (ibid.). A
visit to the sites on 22 April 1950 by R. D. Por-
ter and R. J. Erwin revealed no indications of
recent occupancy. In recent years lime mining



Fig.

. 2. Land Rock, west side of Utah Lake; location

of first known peregrine eyrie site in Utah. It is
a marginal site, which in some recent years has
been occupied by Prairie Falcons. Note scrubby
nature of vegetation in foreground. Photo by Kim
Despain, 1971.
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operations have destroyed the Pelican Point site
(Fig. 6) and Prairie Falcons have occasionally
occupied the Land Rock site.

Nelson (1969) located 9 or 10 eyries (in
letter, 25 April 1969, Nelson gave 9 eyrie loca-
tions) in the area surrounding the Utah and
Great Salt lakes during the period 1939-1942.
This area included parts of Box Elder, Weber,
Davis, Salt Lake, Utah, and Tooele counties.
Treganza (in letter, 5 January 1930; Woodbury
et al., unpubl. ms) found the species breeding
on the cliffs fronting the lake from Brigham to
Ogden [at least four eyries overlooked the Bear
River Marshes in the 18 miles from Ogden to
Brigham City (Woodbury, pers. comm., in White,
1969b)]. Although he located nests, he was
unable to negotiate the cliffs; one was over 1,000
feet (305 m) high (Fig. 7). Females were col-
lected off the nests, but precise nesting data
were not obtained.

Gunther and Nelson (Woodbury et al., un-
publ. ms) noted the species nesting at a site
in the Great Basin Desert of west central Utah
during the nesting season (year not given). Gun-
ther (Woodbury et al, unpubl. ms) saw the
species at a large reservoir in Wasatch County
in the summer of 1938.

3. Utah Lake and adjacent habitat as presently seen from atop the Land Rock eyrie site; marshes former-
ly were more extensive than today and came closer to the eyne. Photo by Kim Despain, 1971.
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Fig. 4. A view of Land Rock eyrie showing nature of terrain and vegetation. Photo by Kim Despain, 1971,

Grater (1947) recorded peregrines at Angel’s
Landing in Zion Canyon, Washington County,
from March to August 1939, where adults fre-
quently were seen carrying f{){}d to a high ledge
on the face of the peak. On 16 July 1939 (the
more precise dates from ‘Noodbury et al., un-
publ. ms) a young female, only a few weeks old,
was accidentally killed in the canyon (Figs. 1

Fig. 5.
ing terrain.
marsh habitat. Photo by Kim Despain,

A different view of the Land Rock eyrie show-

Flat area formerly contained some
1971.

and 8, Table 1, site 38). Wauer and Carter
(1965) reported this site to be active as late as
1964.

In the Uinta Basin, Twomey (1942) re-
ported an inaccessible eyrie about 40 feet
(122 m) up on a deep shelf of a cliff, east of
the Green River, near Vernal (Fig. 1; Table 1,
site 34), Uintah County. Actions of the adults
indicated that young were in the nest and im-
mature birds were seen at the Ashley Creek
marshes in early August and in the vicinity of
Jensen from August through September. G. L.
Richards (pers. comm.) saw a pair in the marsh-
es in 1961, the most recent evidence of activity
at this eyrie.

In southern Utah, single falcons were seen at
Kanab, Kane County, on 28 April 1935, and 6
April 1947, and two were recorded along Kanab
Creek on 2) May 1947 (Behle, Bushman, and
Greenhalgh 1958). Behle (1960) also noted the
species near the Colorado River at Dewey on
21 May 1953 (Fig. 1, Table 1, site 31), and in
Glen Canyon on 6 August 1958. Peregrines were
seen several times in July and August at Navajo
Mountain, San ]uan County, by Woodbury and
Russell (1943) in 1936, and hx ‘C. M. White and
G. D. Lloyd (unpubl. data) in 1960 and 1961
(Fig. 1; Table 1, site 29). White and Lloyd
(1962) reported on the predation of young
peregrines which had not vet fledqod from an
eyrie in the Colorado River Basin (Figs..1, 8,
and 10; Table 1, site 28).
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Fig. 6. Pelican Point eyrie site ( Table 1, site 3, Fig. 1) showing lime mining operation, which in recent years
destroyed the nesting cliff. Photo by Kim Despain, 1971.

Fig. 7. Treganza noted a pair of peregrines nesting on the distant 1,000 ft. (305 m) cliff in the early 1900s,
but he was unable to reach the eyrie site (Woodbury et al. unpubl. ms). Photo by R. ]. Erwin, 1971.
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Angel’s Landing, Zion Canyon. Cliff in center where Grater (1947) saw peregrines nesting high on face

of peak (Fig. 1, Table 1, site 38). Photo by Grant, 1 September 1929, Courtesy U. S. National Park Service.

Postnesting Season and Winter Records

The species is present in the state through-
out the year (Woodbury, Cottam, and Sugden,
1949). Postbreeding adults, immatures, migrants,
and wintering falcons congregate near marshes
where a plentiful supply of food is available,
especially near the marshes of the Great Salt
Lake (Woodbury, Cottam, and Sugden, unpubl.
ms ). At the Bear River marshes, for example,
records extend back to 1915, when Alexander
Wetmore found the peregrine to be a regular
and frequent visitor atter mid-July (ibid.). The
Christmas bird censuses taken by Vanez T, Wil-
son et al. (in Bird Lore 42, 1940; Audubon
Magazine 4348, 1941-1946; and Audubon Field
Notes 1-24, 1947-1970) at the Bear River Migra-
tory Waterfowl Refuge, indicate that the spe-
cies wintered there in small numbers until the
arly 1960s (Fig. 11). The greatest number of
peregrines seen during the seven- to eight-hour
censuses was seven, in 1940. The Christmas bird
counts at the Bear River marshes were exception-
ally consistent from one vear to the next begin-
ning in 1939 through 1960 as regards the number
of participants, the area covered, and the party
hours afield. Additionally, V. T. Wilson directed

and participated each year until 1960, after
which other observers were involved and a
greater area was covered, although the number
of party hours aficld remained essentially the
same.

The racial affinity of specimens taken at
the Bear River marshes between 1 July and 28
September (anatum, sensu lato; western sub-
group), suggest that most of the postbreeding
and fall peregrines in these marshes were from
local eyries. The steady decline in the numbers
of peregrines recorded at the Bear River marshes
during the Ghristmas bird counts (ibid.) from
1939 to the early 1960s (Fig. 11) closely cor-
responded with the decline in the number of ac-
tive evries in the area s;urr(:-umlinlgr the marshes.
This correspondence suggests that most pere-
grines wintering in the marshes of Great Salt
Lake probably were from local breeding popu-
lations, although they also may have been from
some other sharply declining population of the
anatum race. It is probable that only a small
percentage of these wintering birds were from
the arctic populations (F. p. tundrius), because
arctic birds normally winter farther south, and
beecause the arctic pnpnlzltinm were not known



10

to have declined between 1939 and the late
1960s.

Peregrines also have been reported on Christ-
mas bird counts both at Ogden and Salt Lake
City over the past 30 years. In addition, they
have been recorded at Parowan, Iron Couni}
on 27 December 1963 (Audubon Field Notes
18; 1964) and at St. George, Washington County,
on 1 January 1969 (Audubon Field Notes 23,
1969). Christmas bird count data for the areas
other than the Bear River marshes are either
too spotty or are too heterogeneous in their
method of collection to be evaluated statistically.

The peregrine was recorded at Clear Lake
State Waterfowl Management Area by R. Wil-
liams on 16 September 1939, and by Gunther

Fig. 9. Peregrine cliff in desert of Colorado Plateau,
nlmltttl by White and Lloyd (1962) (Fig. 1,
lable 1, site 28). Distance from the rock at point

.-\ to tlu eyrie ledge at point B is 70 ft (21.3 m).
Poplar trees (Populus fremontii), along a water

course in foreground (C) are 40 50 ft (12.2-

15.2 m) in height. Photo by ]J. B. Platt, May 1971.
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and Nelson on 24 October, 10 November, and
4 December 1941 (Woodbury et al, unpubl.
ms), indicating that the species winters at
other marshes as well as at those near the Great
Salt Lake. Members of arctic populations (F. p.
tundrius ) apparently utilize Utah’s marshes both
as stopping places during migration and, spar-
ingly, as wintering grounds. This is su gested
by Lincoln’s (1933) report of a peregrine Eanded
as a juvenile at King's Point, Yukon Territory,
within the geographic range of tundrius on 30
July 1924; by its recovery at Duchesne, Du-
chesne County, Utah, on 20 February 1925;
and by the collection in December of the pre-
viously mentioned specimen of tundrius from
Farmington Bay.

Late summer sightings, which could repre-
sent either resident birds or early migrants, have
been recorded from several other areas. Twomey
(1942) reported peregrines at Hill Creek, 40
miles (64.4 km) south of Ouray, Uintah Coun-
ty, on 5 August [19357], at Strawberry Reser-
voir, Wasatch County, on 17 August [19357], and
Behle (1960) recorded the species at Glen Can-
yon near Wahweep Creek, Mile 17, on 6
August 1958 and at 10,500 feet (3,200 m) on
the north slope of Mt. Ellen, Henry Mountains,
on 8 September 1957. Finally, a subadult was
seen near Park City, Wasatch County, in late
August 1959 (M. Nclson and F. Welch, pers.
comm. ).

Fig.

10. Two-day-old young and an addled egg on

nesting ledge at desert eyrie in Colorado Plateau
(site 28) shown in Figure 9. Photo by G. D. Lloyd
and C. M. White, 10 June 1961.
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11.  Linear regression analysis of the number of Peregrine Falcons recorded per party hour, during Christ-
mas bird counts at the Bear River Migratory Waterfowl Refuge between 1939 and 1970. Each circle
represents the observations for one Christmas bird count. Downward trend is statistically significant (p<<0.01).
This analysis suggests that the peregrine had essentially disappeared as a wintering bird in the Bear
River marshes by 1965.
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DENSITY DISTRIBUTION OF PEREGRINE EYRIES IN UTAH

Utah’s desert climate should seem to be a
significant barrier to the nesting of the pere-
grine, yet we have compiled a list of about 40
eyries in the state (Table 1), which appear to
have been active at one time or another. On
the basis of density, if all 40 eyries were active
simultancously, there would be about 2,123 s
miles (5,499 km*) per eyrie site. If the 11 sus-
pected but unverified eyries (SNV, Table 1)
are excluded, the denmtv would be reduced to
one eyrie site for every 2,928 sq miles (7,584
km?).

Density of peregrine nesting sites in Utah
appears to be directly related to the availability
of food and suitable cliffs for nesting. The im-
portance of these two factors to the distribution
and density of the p(’rvgrim' in the state will be
discussed separately in a later section. Eyrie
sites usually were situated near marshes, lakes,
or rivers, where there was a plentiful supply Of
prey species. Where the nesting habitat was ex-
tensive, such as in the area of the Great Salt
Lake (Fig. 1, Table 1), eyrie sites were clustered
around the marshes in a pattern conforming to
the availability of nesting sites (Fig. 12). Else-
where in the state, where suitable habitat is
greatly restricted, each eyrie site usually was
located many miles from its closest known nmgh-

bor (Fig. 1).

Fig. 12.

along t]'u escarpment of the Wasatch Mountains.

nested on the portion of the cliffs seen in the distance

Erwin,

August 1971.

The density of peregrine eyries in Utah, ex-
clusive of the area surrounding the Great Salt
Lake (4,500 mi*; 11,655 km®), is one site per
4,232 sq miles (10,962 km?), if the 19 additional-
ly known and suspected eyries were all active
ﬁl]]]llltdl't(‘[)u‘;!\. If the 10 suspected eyries in the
remainder of the state are excluded the aver-
age area per nest site would be 8,935 sq miles
(23,142 km*). There were 20 known eyries in
the area surrounding the Utah and Great Salt
lakes (Fig. ol Table 1, eyrie sites, 1-20). This is
exclusive of eyrie site 22 (Table 1) which is
outside of the region. One other probable eyrie
is suggested by the presence of adults on each
of several visits by L. R. Wolfe (field notes of
R. G. Bee) to one other site (site 21, Table 1).
If all 20 known eyries were active concurrently,
there would have been one e_vnc site for about
every 225 sq miles (583 km?*) in an area cover-
ing about 4500 sq miles (11,655 km?®), sur-
rounding and including the Utah and Great Salt
lakes (Fig. 1, Table 1).

The average distance between 13 eyries (sites
5, 7-10, 12-19, Table 1) located along 130 linear
miles (209 km) of the west face of the Wasatch
Mountains from the south end of Utah Lake to
the north end of the Great Salt Lake was 10.0
linear miles (16.1 km). The closest eyries to each
other were about 2 miles (3.2 km) apart and the
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Looking east from the peregrine s hunting habitat at a large Ut ah marsh toward its nesting habitat
Two pairs of pere grines and three pairs of Prairie Falcons

and both species utilized the marshes. Photo by R. J.
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farthest were 20 miles (32.2 km) apart. How-
ever, since cliffs make up only about 25 miles
(40 km) of the 130 linear miles, including side
canyons (estimated from U. S. Geological Sur-
vey topographic maps), peregrine eyries, on the
average, were only about two miles (3 km)
apart on the cliff sections of the mountain. Sev-
eral additional eyries near the western edge of
Utah Lake and the eastern and southern edges
of the Great Salt Lake were not included because
they did not fall in a direct line with the 13
eyries mentioned above.

It is possible that populations of the pere-
grine were substantially greater prior to arrival
of the first white settlers than historically, con-
sidering the apparcnt abundance of fuod that
was available in nearby marshes, the number of
cliffs which appear to be suitable (but which
have not been known to harbor peregrines ), and
the probable lack of human disturbance.

Population densities of the magnitude of
those occurring around the Great Salt Lake
seemingly did not differ greatly from some of
those present in other re gions of North America
where the environment is considered more con-
genial to the peregrine. For instance, Herbert
and Herbert (1965) recorded nine eyries along
55 miles (88.5 km) of the Hudson River (ught
on the west side) for an average of 6.1 miles
(9.8 km) per eyrie. Berger and Mueller (1969)
found 14 eyries along a 198.4-mile (319 km)
stretch of upper Mississippi River for an average
of 14.2 miles (228 km) between eyries.

White and Cade (1971) recorded a peregrine
density along the Colville River in 1967-1969 to
be one pair per 8.3 miles (13.4 km) above
Umiat Mountain and one pair per 3.7 miles
(6.0 km) below Umiat Mountain, giving an
overall average of 6.03 river miles (9.7 km) be-
tween eyries. The distance between active eyries
ranged from 0.4 miles (0.64 km) to 27 miles
(43.4 km). There were 32 nesting pairs of pere-
grines along 183 miles (294 km) of the Colville
River in Alaska in 1952, 40 pairs in 1959, and
27 pairs in 1967, for an average distance in miles
between eyries of 5.7, 4.6, and 6.8 (9.2, 7.4, and
109 km), respectively (Cade, 1960; White and
Cade, 1971).
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The average distance between 19 eyries along
172 miles (277 k) of the Yukon River in Alas-
ka was 9.3 miles (15 km) (range, 2.75-31 mi;
4.4-49.9 km) in 1951 and 10.1 miles (16.3 km)
(range, 2-31; 3.2-49.9km) in 1966 ( Cade, White,
and Haugh, 1968). Cade, White, and Haugh
(196S) believed that the peregrine probably
was never more common along the Yukon than
in 1966.

For the Aleutian Islands, White, Emison, and
Williamson (1971) found the average distance
between peregrines detending territories to be
about 5.8 miles (9.3 km) (range, 0.81-21 mi;
1.3-34 km) for Amchitka Island, similar densi-
ties on Rat and Semisopochnoi islands, and
{*qlm] or I}vrhﬂps greater densities on Kiska
Island (M. Nelson, pers. comm., 1971).

On the other hand, no locality in Utah had
populations appro: whmg__, the densities found in
several other regions. Hickey (1942), for exam-
ple, in a local area of the eastern United States,
reported five pairs of peregrines on 7 miles
(11.3 km) of escarpment. In Great Britain, Rat-
cliffe (1962) found three pairs residing along
a linear distance of 1,000 yards (914 m) of sea
cliff, and 15 pairs along a 17-mile (27.4 km)
distance. The highest densities known are for
the Queen Charlotte Islands, where five to eight
pairs of falcons utilized a linear distance of a
mile (1.61 km) of sea cliff (Beebe, 1960).

Hickey (1942) listed 19 pairs of peregrines
in an area (}f about 10,000 sq miles (25,900 km?)
around New York City, for an average of one
pair for every 526 sq ‘miles (1,362 km?). Cade
(1960) estimated a probable density of 200 and
300 sq miles (518 and 777 km®) per pair in
the Colville and Yukon river systems, respec-
tively, and one known pair per 2000 sq
miles (5,180 km*) in the Yukon country. Bond
(1946) considered the peregrine to be common
along the western coast of the United States
and Baja, Mexico, where there was an average
of less than 2,000 sq miles (5,180 km?) per
known pair. Judging from the data presented
above, the peregrine was relatively common in
the area of the Great Salt Lake and uncommon
elsewhere in Utah.

TOPOGRAPHY, CLIMATE, AND PLANT COVER IN UTAH

Utah is in a region of generally high inland
plateaus and mountains which have buen dis-
sected by numerous canyons and dotted with
many lakes and inland valleys. A chain of moun-
tains and high plateaus beginning at the corner

of Wyoming and extending southwestward ap-
proximately two-thirds of the length of Utah
separate the ma jor part of the state into the

Colorado and (,u'tt Basin drainage areas (see
Fig, 1). The elevation of this central mountain
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chain ranges from 9,000 to 12,000 feet (2,743-
3,658 m). The Wasatch Mountains make up the
northern third of the central chain (to the south-
ern end of Utah Lake) and high plateaus the
remainder.

Nearly all of Utah west of the central moun-
tain chain lies in the Great Basin and contains
the entire drainage of ancient Lake Bonneville,
of which Utah, Sevier, and Great Salt lakes are
remnants. The Great Salt Lake, which is about
83 miles (134 km) long by 51 miles (82 km)
wide, has fluctuated in area from 2,400 sq miles
(6,216 km*) in 1870 to 950 sq miles (2,461 km?)
in 1961 (Nelson, 1969). It contains high concen-
trations of salts (about 25 percent) comprising
principally sodium chloride and sodium sul-
fatc. Utah Lake, which is about 23 miles (37

m) long and 15 miles (24 km) wide, is fresh
wa.tc':r Water comprises nearly three peru,nt of
Utah’s area due mainly to these lakes. The low-
lands on the floor of the basin range from
4,200 to 5,550 feet (1,280-1,692 m) in elevation.
Just west of the Great Salt Lake lies the Great
Salt Lake Desert, one of the most formidable
deserts in North America. In its greatest length
and width it exceeds 150 by 60 miles (240 by
97 km) (see Fig. 1).

The eastern half of the state is in part of the
Colorado Plateau or Colorado River Basin. The
Colorado River Basin is bordered on the north
by the high Uinta Mountains, some peaks of
which exceed 13,000 feet (3,962 m), and con-
tains the Uinta Basin immediately south of the
mountains and the canvonlands farther south.
It is dissected from north to south by the Green
and Colorado rivers. The basin floor ranges in
elevation from about 4300 feet to 6,000 feet
(1,311-1,829 m). The Virgin River Basin, in
southwestern Utah, is about 2,250 feet (686 m)
in elevation.

Because Utah lies in the rain shadow of the
high coastal ranges, it is one of the drier ru_,ium
in North America, with an average of only 4
to 10 inches (10.2-25.4 ¢m) of annual preuplh-
tion in the desert lowlands. The precipitation
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generally increases with an increase in altitude
and may reach 30 to 50 inches (76.2-127.0 cm)
annually in the higher mountains. Daily and
seasonal temperatures in Utah vary widely. The
summer maximum may exceed 100°F. The rela-
tive humidity is extremely low and the evapora-
tion rate is high.

The desert lowlands are dotted with salt
desert shrubs consisting chiefly of greasewood
(Sarcobatus vermiculatus) and shadscale (Atri-
plex confertifolia) in areas below 5,500 feet
(1,676 m) in elevation, and sagebrush ( Artemisia
tridentata) in areas higher than 5,500 feet (1,676
m) throughout much of the Colorado Plateau
and the Great Basin. This low scrubby vegeta-
tion ranges from several inches to several feet
in height. Desert scrub, consisting predominantly
of mesquite (Prosopis glanduliflora), creosote
bush (Larrea divaricata), and black brush
(Coleogyne ramosissima), occurs in the southern
desert of southwestern Utah.

The more arid foothills in the Great Basin
and Colorado Plateau, which receive 10 to 15
inches (25.4-38.1 cm) of rainfall annually, are
covered with pinon-juniper forests (Pinus and
Juniperus), 10 to 30 feet (3.0-9.1 m) in height.
Foothills receiving 16 to 20 inches (40.6-50.8
em) of rainfall are covered with a variety of
scrubby trees and bushes called chaparral, con-
sisting of oak (Quercus), maple (Acer), service-
berry (Amelanchier), mountain mahogany (Cer-
c‘.m.'ar;nw) mountain laurel (Ceanothus), and
manzanita (Arctostaphylos). Above the foot-
hills lie montane forests of spruce (Picea), fir
(Abies), and aspen (Populus tremuloides). The
aforementioned data on relationships between
precipitation and vegetation are modified from
Woodbury and Cottam (1962).

Utah’s numerous mountain ranges, its ex-
tensive plateaus, and its high cliffs and mesas
supply a plentitude of suitable nesting sites
for birds of prey. The low scrubby vegetation
of its foothills and desert lowlands pmwdes the
extensive hunting areas preferred by the larger
falcons.

ECOLOGICAL DISTRIBUTION OF UTAH PEREGRINES

Climate

The peregrine, as represented by a cosmo-
politan assortment of geographically variable
races, has adapted to a wide variety of environ-
mental conditions. This is true also for the ana-
tum race, which ranges from the tree line of
the North American Arctic south sparingly into
northern Mexico and the southern tip of Baja

California. In Utah, the peregrine has been
known to nest in the Great Salt Lake Desert,
one of the more arid regions known to be in-
habited by this cosmopolitan species. At Wen-
dover, for e xample, the monthly rainfall for the
critical breeding period of M: arch through July
averaged only 0.44 inches (1.12 cm) over a 49-
vear period; the mean monthly temperature



Brorocicar Serigs, Vor. 18, No. 1

ranged from 42° F (6°C) in March to 79°F
(26°C) in July (U. S. Dept. of Commerce,
1965). Bond (1946) tells of peregrines nesting in
the hot, arid climates along the lower Colorado
River in California, in northeastern California,
and eastern Oregon.

Climate along the Wasatch Mountains of
Utah, where the peregrine historieally attained
its maximum density in the state, is more mod-
erate. Here (Salt Lake City) the monthly rain-
fall for March through July averaged 1.03 inches
(262 cm) over a 32-year period; the monthly
temperature ranged from 40°F (4.4°C) in March
to 77°F (25°C) in July (U. S. Dept. of Com-
merce, 1965).

Figures 13-15 delineate some of the climatic
extremes associated with nesting peregrines in
Utah. The hythergraphs given in Figure 13
are composites of the mean monthly extremes
of daily temperature (for record permd) and
the mean monthly precipitation for weather sta-
tions near 18 known peregrine eyries distrib-
uted throughout Utah. The breequ period,
March thr(mbh August, is indicated also. The
composite hythergraphs are constructed the
same as those given by Twomey (1936) and
Linsdale (1937), except that these authors used
mean monthly averages of daily temperature
rather than extremes (data from U. S. Dept. of
Commerce, 1965).

In Figure 14 we have plotted the monthly
average of the daily minimum temperature
against the monthly average of the daily maxi-
mum relative humidity (from readings taken at
three-hour intervals, 1965 t]‘ll‘()l.lg__’h 1969) and the
monthly average of the daily maximum tempera-
tures against the monthly average of the daily
minimum relative huml(ht\ for Salt Lake Cm
(U. S. Dept. of Commerce, Local Climatol. Data
1965-1969 ).

Figure 15 gives a composite of the mean
number of days per month that the precipitation
was equal to or exceeded 0.1 inch (0.25 cm)
and the mean number of days per month in
which the temperature was equal to or exceeded
90°F (32.2°C), averaged for the 18 statums util-
ized in Figure 13 (r]at.t from U. S. Dept. of
Commerce, 1965, [for record period]).

We used the extremes of climate since they,
more than means, are likely to influence the

general distribution of a specics. According to
Odum (1959:116-117):

- temperature exerts a more severe limiting effect
on n-rg'mums when moisture conditions are extreme,
that is, either very high or very low, than when such
conditions are moderate. Likewise, moisture plays a
more critical role in the extremes of temperature.
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It is at the environmental extremes that the
evolutionary processes for a species are most
pronounced in regards to the development of
new limits of tolerance. By comparing the cli-
matic extremes at the periphery of the ecologi-
cal range of a 5peei(s such as the peregrine in
Utah, one may gain an insight into the climatic
factors which’ may limit its range.

Altitude

For western North America, Bond’s data
(1946) indicate that the peregrine rarely nests
above 5,000 feet (1,524 m) in elevation, with
a few nesting up to 10,000 feet (3,048 m) in
California. However, many of the 18 eyries
cited by Enderson (1965) for Colorado were
above 5,280 feet (1,610 m), while the majority
of them were above 6,000 feet (1,829 m) (En-
derson, pers. comm.), with one eyrie in a high
mountain region of Colorado, situated at an
elevation of 12,000 feet (3,658 m) (Thomas D.
Ray, pers. comm.). It may be that the habitat
requirements of the peregrine are best satisfied
in Colorado at these higher elevations. The
paucity of eyries known to Bond (1946) to be at
the higher elevations may be due, in part, to the
difficulties encountered in reaching and search-
ing the cliffs.

Nelson (1969) reported that peregrines in
Utah nest at elevations up to tree line, between
6,000 and 7,000 feet (1,829 and 2,134 m). The
only eyrie in Utah exeeedmg 6,000 feet (1,829
m), that is known to us, is at an elevation of
6,700 feet (2,042 m) (Tab]c 1, site 36), but two
are at 6,000 feet (Fig. 1, Table 1, sites 22 and
37), and the elevations of four others approach
6,000 feet ( Fig. 1, Table 1, sites 26, 28, 35, 38).
One suspected eyrie site, however, is at an ele-
vation of 8,500 feet (2,591 m) (Fig. 1, Table 1,
site 29) and another is at 9,750 feet (2,972 m)
(Fig. 1, Table 1, site 27), suggesting the possi-
bility that if higher areas were searched, others
would be f{)und The mean elevation of pere-
grine eyries in Utah is about 5000 feet (1,524
m) (T.1b]1 2). They ranged from 3,360 to
6,750 feet (1,024-2,057 m)_ with a prepon-
derance of eyries (89 percent) between 4,000
and 6,000 feet (1219 and 1,829 m) in eleva-
tion, and with nearly 50 percent of them at
elevations between 4,500 and 4,999 feet (1,372
and 1,524 m). A frequency distribution of the
elevations of Utah eyries is given in Table 2.

Habitat Niche

The habitat niche of the peregrine may be
divided into two parts: (1) the cliff or substrate
upon which it lays its eggs and rears its young
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13. Composite hythergraph for 18 stations situated near known peregrine eyries in Utah. Mean total
munthl_\' precipitation is represented in inches and mean mnm}lly extremes of temperature {Liili{}' maxi-
mum and minimum, for record period) are represented in degrees F; they were constructed the same
as those given by Twomey (1936) and Linsdale (1937), except that these authors used mean monthly
temperatures (U.S. Dept. Commerce, 1965). The diagonally lined area depicts the climatie conditions for
the egg-laying and incubation period (March-May); the stippled area represents the hatching and nestling
period (May and June); the vertically lined area shows the fledging period (June-August).
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Fig. 14. Climographs for Salt Lake City, Utah. Daily maximum temperatures (averaged monthly for years
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same period; and the mean daily minimum temperatures for the same period are plotted against the mean
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taken at 3-hour intervals for 1965 t}nulllg_l"h 1969 (U.S. I)i-[ﬂ. Commerce, Local (‘.Iimut::h:gic;tl Data). Num-
bers beside points designate months of the year.
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wre represented by solid triangles.
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Table 2. Frequency distribution of peregrine eyrie site
elevations in Utah.
Elevation
( 500-ft. intervals)

Elevation
n  Percent (intervals in meters)

3000-3499 1 3.2 914.4-1066.7
3500-3999 0 0.0 1066.8-1219.1
4000-4499 3 9.7 1219.2-1371.5
4500-4999 15 48.4 1371.6-1523.9
5000-5499 6 19.4 1524.0-1676.3
5500-5999 4 12.9 1676.4-1828.7
6000-6499 1 3.2 1828.8-1981.1
6500-6999 1 3.2 1981.2-2133.3
Totals: 31  100.0

x elev. 4987 ft (1520 m)
Range 3360-6750 ft (1024-2057 m)

and around which its reproductive activities take
place (nesting sites), and (2) the surrounding
environs or territory where it obtains its food
(hunting sites ).

Nesting Sites

Most peregrine eyries in Utah were situated
on a high ledge on the face of a cliff, but one
female peregrine was reported to have laid her
eggs in 1946 (Boyd Shaeffer, pers. comm.) on
one of the dikes (elevated roadways) that sep-
arated two impoundment lakes at Ogden Bay
State Waterfowl Management Area (Table 1,
site 20). Additionally, an ornithologist (verbal
report, to J. H. Enderson at AOU meeting, 1964)
reported seeing an adult peregrine carry food
to a young, nonflying falcon on the Mormon
Temple in Salt Lake City in 1962, although we
can find no corroborative evidence that falcons
ever nested there.

Cliff Orientation

The ledges on which most Utah peregrines
nest are in extensive mountain ranges which lie
in a north-south direction. The escarpments of
these mountains provide east- and west-facing
cliffs, while their side canyons provide both
north- and south-facing cliffs (Fig. 12). As il-
lustrated in Figure 16, most peregrine eyries in
the state were found in east- and north-facing
cliffs. Although the escarpment along the Wa-
satch Mountains provided cliffs which faced all
directions (Fig. 12), 10 of 12 eyries, for which
data are available, were at sites facing north-
ward (five eyries) and eastward (five eyries);
three of the 12 faced slightly westward (NNW
and NW). four faced southward ( ESE and SE),
one faced directly west, and one faced directly
south. This suggests a directional orientation
by the peregrine to the sun’s exposure. Cliffs
facing north or east should provide the eyrie
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better protection from the hot afternoon sun than
would those facing south or west.

These findings tend to corroborate those
of Nelson (1969), who has documented the
death of nestling Golden Eagles ( Aquila chrysae-
tos) due to direct exposure to the hot rays of
the sun. He considers the peregrine to be more
sensitive to the extremes of temperature and to
the direct rays of the sun than the Prairie Fal-
con. He has pointed out that the later nesting
of the peregrine, compared to that of the Golden
Eagle and Prairie Falcon makes the peregrine’s
young more vulnerable to heat and sun than are
the young of either of the other two species.
McGahan (1968) found a preference by the
Golden Eagle in Montana for southern exposures.
He suggested that nest site preference was in-
fluenced by the direction of the sun and noted
that exposure should be important when tem-
peratures are below freezing as well as during
the warmer months of June and July.

In Alaska, Cade (1960) found that peregrines
nesting along the Yukon River preferred cliffs
facing an easterly direction and that this orienta-
tion had some relation to the sun. He noted
no such correlation, however, for eyries along
the Colville River and hypothesized that the
Yukon eyries faced eastward because of strong
prevailing summer winds, whereas the lack of
special orientation along the Colville was due to
the absence of such winds.

On the other hand, in Great Britain, where
the climate is more moderate, Ratcliffe (1962)
found that suitable cliffs faced all directions
and that British peregrines are indifferent to di-
rectional facing. He argues further that more
intensive ice action on shaded north and east
slopes have resulted in more extensive develop-
ment of cliffs or crag ranges on these slopes.
Hence, he concludes that cliff exposure is
unlikely to influence the deliberate choice of a
nesting cliff or site.

Our data and those of Cade’s (1960) suggest
that sun and wind exposure in the harsh ex-
tremes of climate such as those in the desert
and in the Arctic may, indeed, elicit a deliberate
choice of nesting sites. In Great Britain peregrine
eyries probably are not subjected to such harsh
extremes of climate, and thus, peregrines have
less need for making deliberate choices there.

Rock Type, Cliff Size, and Eyrie Height

The physical characteristics of the cliff play
an important role in their use by the peregrine
as a nesting site. The geological formation, in-
volving type of rock and height of cliff, con-
tributes to the suitability of the cliff as a nest-
ing site. Thirty peregrine eyries in Utah were
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Directional facings of Peregrine Falcon and Prairie Falcon eyries in Utah, both in areas of sympatry and

in areas of allopatry. The values in the outer ring are for the peregrine; those in the inner ring are for the

Prairie Falcon. The directional n-[atinnxllips shown here were statistically significant at p <0.01 (X°

test;

caleulated X* value, 7.37, 1 df) for the Prairie Falcon and p<0.05 (X* test; calculated X* value, 4.48, 1 df)

for the Peregrine Falcon.

situated on cliffs composed principally of four
tvpes of rocks: limestone, nine eyries; sandstone,
nine eyries; quartzite, six eyries; and volecanic
rock, three eyries. One additional eyrie each
was located on volcanic agglomerate, granite,
and metamorphic gneiss.

According to Hickey (1942), the height of
the cliff is involved in the .\;I‘u‘t‘i{'h' {'idt'|ii}.' at the
eyrie site over many generations of occupancy,
and this concept is .\I]])])ul'lt'd I]_\' Ratcliffe (1962,
1969) in Great Britain; Fischer (1967) has dis-
cussed the concept for eyries elsewhere in Eu-

rope. Hickey (1942), on the basis of height and
continuity of use, classified cliffs in the eastern
United States into three classes. Bond (1946)
believes Hickey's (op. cit.) classification to be an
oversimplification in the western United States.

Peregrines in Utah selected a wide variety
of eyrie sites. Although the history of occupancy
of individual eyries in Utah is largely unknown,
there is some evidence to support ]li{'l.‘u;'}"h'
(op. cit. ) hypothesis, at least in regards to height.
Evrie sites on the low, marginal cliffs were the
first to be abandoned in Utah, whereas several
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that were situated high up, on massive cliffs
that were difficult to climb, have the longest
histories of occupancy.

A frequency distribution of hmghts of cliffs
which mpportcd nesting peregrines in Utah are
given in Table 3. These cliffs ranged from 40
to 400 feet (12.2-122 m) in height. The mean
height of 21 such cliffs in Utah was 178 feet
(543 m). An additional cliff, first noted by
Treganza early in this century and wported by
Woodbury et al., (unpubl. ms), was in excess
of 1,000 feet (30—1.b m) in height (Figs. 1 and
7; Table 1, site 8). We excluded it from our cal-
culations so as to not disturb unduly the more
normal range of heights (see footnote, Table 3).

For 14 eyries the distance from the base of
the cliff to the eyrie site averaged 1055 feet
(32.2 m) and am_}ed from 28 to 330 feet
(8.5-100.6 m). These measurements do not
include the talus slope and mountain side. If
these distances were included, the values given
above would be considerably higher for most
sites, especially those on the” r.'scarpment of the
Wasatch Mountains. Ratcliffe (1962) has dis-
cussed the importance of the steep slopes as a
relevant factor in attracting peregrines to the
cliff.

From the brink of the cliff to the eyrie
sites below, the distance averaged 68.6 feet
(20.9 m) and ranged from 12 to 250 feet (3.7-
76.2 m) for 13 evries.

The values given here for cliff heights aver-
age somewhat higher than those 1c‘p0rted by

Cade (1960) for the Yukon River in Alaska,
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and by White and Cade (1971) for the Colville
River. Distances from the base of cliffs to the

nest sites in Utah, however, averaged nearly
twice those reported by Cade (1960) in the Arc-
tic.

Hunting Sites
Marshes apparently play an important role
in the breeding ecology of the peregrine in
Utah (Figs. 12, 17, and 18), because nearly all
peregrine eyries are situated near them. We
measured the distances from each of 20 known
eyrie sites in the Great Salt Lake and Utah
Lake valleys to the closest nonflowing surface
water, to the closest marsh 320 acres (130 ha)
or larger, and to the closest marsh w 1th no re-
gard to size. The surface areas of the closest
nonflowing water and the size of the closest
marsh were also determined. Measurements were
taken from U.S. Geological Survey topographic
maps which were constructed from aerial photo-
graphs taken between 1945 and 1956; they are
summarized in Table 4.

Of the 4500 sq miles (11,655 km?*) sur-
rounding and including these two lakes, marshes
covered about 100 sq miles (259 km®), while
open water comprised about 1443 sq miles
(3,737 km®). With exclusion of the Utah and
Great Salt lakes, with their surface areas of
about 138 sq miles and 1,661 sq miles (358
km? and 4,302 km®), respectively, the surface
area of water would be 80 sq miles (207 km?).
If the three large impoundment lakes (surface
area, about 55 mi*; 142 km?*) at the Bear River

Frequency distribution of heights of cliffs containing Peregrine Falcon and Prairie Falcon eyries in

Table 3.
Utah and the vertical distances of eyrie sites above bases of the cliffs.
Distance CLIFFS
in Peregrine Prairie
Feet n Percent n Percent
0-24 0 0.0 1 2.3
25-49 1 4.5 11 25.0
50-74 1 45 10 29.7
75-99 4 18.2 8 18.2
100-124 4 18.2 5 114
125-149 1 4.5 0 0.0
150-199 3 13.6 3 6.8
200-249 1 45 2 4.5
250-299 1 4.5 1 2.3
300-349 2 9.1 2 4.5
350-399 1 4.5 0 0.0
400-449 2 9.1 0 0.0
450499 0 0.0 0 0.0
500 > 1 4.5 1 2.3
Totals: 22 99.7 44 100.0
X 178.0 ft° 101.7 ft
(54.3 m) (31.0 m)
Range: 40-400 ft 7-500 ft
(12.2-121.9) {2.1-152.4 'm)

*Excludes one ground nester and one eyrie on a 1,000 ft (305 m

'EYRIES

L e Distance
Peregrine Prairie in

n Percent n Percent meters

0 0.0 10 19.6 0.0-7.5
3 21.4 19 37.3 7.6-15.1
3 21.4 8 15.6 15.2-22.8
3 21.4 7 13:7 22.9-30.4
0 0.0 2 3.9 30.5-37.9
1 7.1 0 0.0 38.0-45.6
2 14.3 2 3.9 45.7-60.9
0 0.0 1 2.0 61.0-76.1
1 7.1 1 2.0 76.2-91.3
1 7.1 0 0.0 91.4-106.6
0 0.0 0 0.0 106.7-121.8
0 0.0 0 0.0 121.9-137.0
0 0.0 1 2.0 137.1-152.3
0 0.0 0 0.0 152.4>

14 99.8 51 100.0

105.5 ft 64.2 ft

(32.2 m) (19.6 m)
28-330 ft 2.5-450 ft

(8.5-100.6 m) (0.76-137.2 m)

cliff
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Fig. 17. Saltgrass (Distichlis stricta) marsh at Ogden Bay Refuge, Black-necked stilts ( Himantopus mexicanus),
a prey species of the peregrine, in the foreground. Photo by R. D. Porter, 1953.

aa u.h‘b‘
-3 rf?!'-'-'.-'.'.!'.:"f."k.k’..1

Fig. 18. View to the west toward Promontory Mountains from Ogden Bay Waterfow]l Management Area.
Marshes in foreground are typical of those adjacent to Great Salt Lake from which peregrines and prai-
ries nesting along the Wasatch escarpment and adjacent mountains obtained their major food source. Photo
by R. ]. Erwin, August 1972.
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Table Distances from peregrine eyrie sites in the Great Salt Lake Valley and Great Basin Desert to open,
n(mﬂ(m'ing water and marsh lllmllnﬂ' areas and the size of these areas in relation to distance (measured
from U.S. Geological Survey topn;:,r.lplm maps which were constructed from aerial photographs taken be-

tween 1946 and 1956). Values in parentheses represent metric equivalence in kilometers or hectares.
B MARSHES  SURFACE WATER'
Mi. to Mi. to Number of
Mi. to closest Acres in Mi. to closest acres in
closest marsh > closest closest water > closest
Area & Sta- marsh 320 acres marsh water 320 acres water
tistic (]-rm) (130 ha) (ha) (km) (130 ha) (ha)
Wasatch Mountams
(Utah & Great Salt
Lake valleys)
i 19 19 17 19 19 14°
x*5D 3.3x26 7.6x5.1 17.5+20.6 25+20 5.2+43 596+34.4
(5.3+4.2) (12.2£8.2) (71X 8:3) (4.0£3.2) (8.4+:6.9) (24.1+13.9)
Range 0.19-9.7 0.19-18.6 3.7-82.6 0.10-6.7 0.10-13.6 1.2-188.8
(0.31-15.6) (0.31-29.9) (1.5-33.4) (0.16-10.8) (0.16-21.9) (0.49-76.4)
Desert, Great Basin
n 3 3 3 ) 29 3
xx5D 1.3%=1.3 1:3=x13 7,302 +10,396 1720 4.0 406701
(2.1%x2.1) (2:1=2.1) (2,955+4.207) (2.7x3.2) (6.4) (164 +=284)
Range 0.19-2.8 0.19-2.8 640-19.281° 0.194.0 4.0-4.0 1.0-1,216
(0.31-4.5) (0.31-4.5) (259-7,803) (0.31-6.4) (6.4-6.4) (0.40-492)
Inonflowing waters; lakes and ponds ’ﬂx(llld{'s_.iwn large marshes; one 5,598 acres (2,266 ha), the other 1,114 acres (451 ha).
Iclosest water to five eyries was either Utah Lake or Great Salt Lake; hence, they were excluded. ‘data for one desert eyrie, which was

nearly 100 miles (161 km) from large body of water, was excluded.

fowl Management Area,
total of 53,000 acres (21,4+9 ha)

Refuge were also excluded, the amount of sur-
face water would be reduced to 25 sq miles
(65 km?). If both surface waters, exclusive of
the Utah and Great Salt lakes, and marshes were
divided equally by the 20 known peregrine
eyries for the area, each p'ur of birds at these
eyries would use prey species from 4.0 sq miles
(10.4 km?) of water, 5.0 sq miles (13.0 km?) of
marsh, and 9.0 sq miles (23.3 km*) of the two
combined. Nelson (1966 ), on the other hand, re-
ports that there are 234 sq miles (606 km?*) of
managed marshlands surrounding the Great Salt
Lake (see Fig. 19), to which may be added
several sq miles of unmanaged marshes con-
trolled by duck clubs. The disparity between
Nelson’s measurements and ours probably is due
to the fact that we used only marsh areas as
shown on topographic maps and excluded mud
flats and water, whereas Nelson’s measurements
probably include all lands and water within the
Waterfow]l Management Areas.

Marshes were the dominant features near
three eyries in the Great Basin desert (Figs.
1 and 20, Table 1, sites 4, 23, and 25), and
Twomey (1942) reported the use of the Ashley
Creek marshes by peregrines nesting in Uintah
County. The desert eyrie in the Colorado Plateau
re purtvd by White and Lloyd (1962) was by
a river (qu 9). Figure 21 gives an aerial view
of a river site in the desert of northern Arizona,
typical of those in parts of Utah, and Figures

P SNelson (1966) gives 4,700 acres (1,900 ha) for Clear Lake Water-
but topographic maps show an additional 14,581 acres (5,901 ha},

contiguous  with the management area, and a

are shown within about 20 miles radius of the Clear Lake evrie.

22 and 23 show marshes near eyrie sites in the
Great Salt Lake Desert.

Peregrines nesting along the Wasatch es-
carpment traveled long distances to obtain shore
and marsh birds, which made up the bulk of
the food items found in their nests (Table 4),
and the marshes where they hunted were rather
extensive. In gener:ll, the Great Basin desert
eyries were closer to marshes and to open
water than were the Wasatch (’scarpment (_’\’I‘leS
(Table 4). One marsh suppnrhm;{ an eyrie in the
Great Salt Lake Desert is only about a square
mile (2.6 km?) in extent, and is only about a
mile (1.6 km) from the eyrie (Fig. 20). It is
about the same size as the Ashley Creek marsh
(Stewart Lake Waterfowl Management Area,
Nelson, 1966) near the eyrie fmmd by Twomey
(1942). The marsh at one other eyrie in the
Great Salt Lake Desert covers about 214 square
miles (5.8 km?) and is less than a mile from the
evrie site. An additional eyrie site (Woodbury
et al., unpubl. ms) was 2.8 miles (4.5 km) from
a marsh that covered over 30 square miles
(78 km?) (Table 4). The surface area of fresh
water at two of the desert sites is only a few
acres in extent (Fig. 23), whereas that at the
additional site was about 2 square miles (5.2
km?) in extent.

Of the 40 eyries and suspected eyries in
Utah for which we have data, three were along
rivers with marshes, streams, or lakes: five were
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Fig. 19. Distribution of managed marshlands concentrated around the Great Salt Lake region. Photo by per-
mission of Utah Division of Wildlife Resources, in Nelson, 1966.
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Fig. 20. View across a marshy area adjacent to an eyrie in the Great Basin at the edge of the Great Salt
Lake Desert. R. D. Porter is standing in foreground and is about 1 mile (1.6 km) east of the eyrie shown
in Figure 44. Photo by R. ]J. Erwin, August 1972.

Fig. 21. Aerial view of a river eyrie site in the desert of northern Arizona typical of those in southeastern
Utah. View looking NNE. Peregrines nested on the canyon wall on the right hand side of the photo.
Photo by G. D. Lloyd, 1960.
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along major rivers; 25 were near marshes with
lakes and streams; five were along streams only;
and there was one each near a marsh and a lake
only. All but two of the 21 eyries near the Great
Salt Lake were adjacent to a stream, which usual-
ly comprised the closest source of water. The
smaller passerine birds associated with the
streamside vegetation provided the peregrines
with source of food which frequently was
within the immediate area of the eyrie.

The marshes originate from desert springs,
from the overflow of rivers and creeks, from
deltas at the junctions of rivers and lakes, and
in more recent times, from artificial damming
of streams or from the formation of ponds re-
sulting from the drilling of wells. Bulrush (Scir-
pus sp.), saltgrass (Distichlis stricta) (Figs. 17
and 18), and cattail (Typha sp.) (Fig. 12) are
the principal plants in these marshes.

Fig. 22. Eyre site near the eastern limits of the (

vears after the peregrines were last seen there.
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The marshes supply food for peregrines dur-
ing all seasons of the year, but are especially im-
portant during nesting season. The presence of
an abundant food supply in the marshes at Og-
den Bay undoubtedly was the major ecological
factor responsible for the groundnesting of a
peregrine there. Several easily accessible L}ues
that were mentioned by Beebe (1960) in the
Queen Charlotte Islands may have been due to
an abundant source of prey and to the absence
of mammalian predators.

The combination of marshes adjacent to suit-
able cliffs for nesting may be considered an
“ecological magnet” (Hickey, 1941) for the pere-
grine in Utah, especially along the Wasatch es-
carpment, where extensive marshes border the
Utah and the Great Salt lakes. Here, marshes
are formed at the deltas of three major rivers
that flow into the lake (Fig. 19). Typical of

Great Salt Lake Desert. The eyrie, when first located by
Porter in the early 1950s, was on a small cliff in the left foreground which does not show in this photo be-
cause it was removed to make a road bed. The peregrines were last seen using the cliffs near the top right
of the phnln Prairie Falcons also used the same eyrie that was last used b) the peregrines at least three

Photo by R. |. Erwin, August 1971.
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their vegetation is that at the delta of the Weber
River (Ogden Bay), which, from salt flats to
river channels, consists mainly of glasswort
(Salicornia sp.), saltgrass, alkali bulrush (8.
paludosus), hardstem bulrush (S. acutus), cat-
tail (T. latifolia and T. angustifolia), and sago
pondweed (Potamogeton pectinatus) (Nelson,
1954). For a more comprehensive description
of plant ecology in Utah marshes, see Nelson’s
(1954) studies of a marsh near the Great Salt
Lake (Ogden Bay) and Bolen’s (1964) discus-
sion of a spring fed marsh in the Great Salt Lake
Desert (Fish Springs).

Numerous remains of nine species of water-
birds, including grebes, ducks, rails, avocet,
gulls, and terns, from anthropological sites at the
northwest side of the Great Salt Lake, some
dating back at least 8,350 years (Harper and
Alder, in press), suggest that marshes were pres-
ent in the Great Salt Lake valley long before
the arrival of the white man. Some of the early
hunters and explorers to enter the valley re-
ported the presence of numerous waterfowl and
shorebirds. Father Escalante, who visited Utah
Lake in 1776, wrote that the lake “abounds in
many kinds of fish and in geese and waterfowl”
(Harris, 1909). Osborne Russell, a trapper, saw
“miriads of Swans, Geese Brants, and Ducks
which kept up a continuous hum day and night
. ..7 at Bear River marshes on 2 April 1842
(Haines, 1955). Fremont (1845), who visited the

-
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Bear River Delta on 3 September 1843, men-
tioned the thunderous noise made by multitudes
of waterfowl in the marshes and described the
area as being covered with rushes and canes.
Captain Stansbury (1852) made similar observa-
tions on 22 October 1849 from a vantage point
on the east side of Promontory Point. He re-
corded that “. . . thousands of acres, as far as the
eye could reach, were covered with them [water-
fowl]. . . " Fremont (1845) reported that “the
stillness of the night [8 September 1843] was en-
livened by millions of waterfowl,” this time at
the mouth of the Weber River near Little Moun-
tain; and on 9 September he reported that the
shallow delta of the river was “absolutely cov-
ered with flocks of screaming plover.” Stansbury
(1852) noted innumerable flocks of ducks, geese,
white swan, and long-legged plover around the
shallows at the mouth of the Jordan River on
4 April 1850. It is probable that the “plover”
were mostly American Avocet (Recurvirostra
americana), Black-necked Stilt (Himantopus
mexicanus), and Willet (Catoptrophorus semi-
palmatus).

Vegetation at the river sites was comprised
mostly of cottonwoods (Populus fremontii in the
Lower Sonoran desert areas; P. angustifolia in
the Upper Sonoran areas) and willows (Salix
exigua was most frequently present, with S.
lutea, S. gooddingi, and S. caudata occasionally
present also). Other plant species known to oc-

Fig. 23.

flats from the Great Salt Lake can be seen in the background. Photo by R. ].

"tew fro illside below eyrie in Figure 22, Brackish marsh can be seen i 3 i P 58
V from hillside bel yr Fig 22, Brackish marsk [ een in the midground, and salt
Erwin, August 1971.
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cur with the cottonwoods and willows include:
squawbush (Rhus trilobata), wildrose (Rosa
sp- ), tamarix ( Tamarix ramosissima ), Joshua tree
(Clistoyucca brevifolia), box elder (Acer ne-
gundo ), ash ( Fraxinus sp.), baccharis ( Baccharis
emoryi), hackberry (Celtis douglasii), and even
scrub oak (Quercus gambelii). The presence or
absence of the latter species is dependent upon
altitude, latitude, and local ecological conditions.

Food Niche

Little has been published on the diet of the
peregrine in the intermountain region. Wet-
more’s (1933:49-50) account of the hunting tac-
tics of the peregrine on the Bear River marshes
has been quoted elsewhere ( Bent, 1938). It is re-
peated here because it gwm a remarkedly vivid
picture of the peregrine in its native ‘haunts
along marshes of the Great Salt Lake earlier in
the present century.

The birds {falcons] at rest perched in low willows, or
on logs or bits of drift, where they had clear view of
the teeming bird life about them. When hungry, they
dashed across the open flats at high speed, striking

ruthlessly at any birds that appeared, from small sand-
pipers to large ducks.
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Their appearance in the air was always the signal
for chattering cries of alarm from blackbirds and avo-
cets that put all their bird neighbors on the watch.
These warnings had little effect, however, as the duck
hawk, killing practically at will, was truly despot of
this realm.

I have seen this falcon dash through closely massed
flocks of flying sandpipers, striking out two or three
with as many thrusts of the claws, allowing each bird
to drop and then wheeling swiftly to seize the falling
prey in mid-air before it reached the gmund. Again, I
have seen one in a stoop, swift almost as light, knock
a redhead duck to the ground, where it landed with
a broken wing and other injuries.

On one occasion a pair of duck hawks harried a help-
less nighthawk, stooping at it playfully until one in
passing gave it a quick squeeze with one foot. It
then allowed the nighthawk to fall, when it was seized
by the other duck hawk. Then the pair flew away,
and the one with the booty at intervals dropped it, so
that it could be seized in air by its mate.

Food items found in several Utah eyries are
summarized in Tables 5 and 6. We collected 107
individual prey items repreaentm& 20 species
of birds and at least one species of mammal from
two eyries along the escarpment of the Wasatch
Mountains between 1943 and 1957. The Ameri-
can Avocet was represented in the greatest num-
bers (Fig. 24). It, the Mourning Dove (Zenai-

Fig, 24 Avocet at
grine in the
Prairie

nest.
Salt Lake

Great
locality.

valley of the

Falcon in the same

This species was the most important food species found in the eyries of the pere-

and also the most ll'v||lu-l|l shorebird species in the eyries of the
Photo by R. ]. Erwin, 8 June 1959,
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Table 5. Prey species in Peregrine Falcon and Prairie Falcon eyries in areas of sympatry along the escarpment
of Utah’s Wasatch Mountains', facing the marshes of the Great Salt Lake.

Peregrine Falcon Prairie Falcon
Weight class n  Percent of Percent of n  Percent of Percent of

Prey species in grams® total biomass total biomass

Duck sp. (yng.)’ 150 3 2.80 2.75 2 2.63 2.60

Killdeer 106 2 1.87 1.29 9 11.84 8.26
( Charadrius vociferous)

Willet 203 10 9.35 12.38 B 6.58 8.79
(Catotrophorus semipalmatus)

Greater Yellow-legs 165 3 2.80 3.02 it = =
( Totanus melanoleucus)

Long-billed Dowitcher 86 2 1.87 1.05 - =
( Limnodromus scolopaceus)

Sanderling 63 - - - 1 1.32 0.55
( Crocethia alba)

American Avocet 281 22 20.56 37.10 §] 7.89 14.60
( Recurvirostra americana)

Black-necked Stilt 152 1 0.93 0,93 - - -
( Himantopus mexicanus)

Wilson’s Phalarope 58 6 5.61 2.12 - - -
(Steganopus tricolor)

Franklin's Gull 295 1 0.93 1.80 - ~ -
(Larus pipixcan)
Shorebird and Gull 50 43.92 59.69 21 27.63 32.20
Subtotal

California Quail 198 - - - 1 1.32 1.71
( Lophortyx californicus)

Ring-necked Pheasant 807 = - = 2 2.63 13.97
( Phasianus colchicus)
Gallinaceous - - - 3 3.95 15.68
Bird Subtotal

Mourning Dove 115 13 12.15 9.12 2 2.63 1.99
( Zenaidura macroura)

Rock Dove 318 5 4.67 9.70 1 1.32 2.75
(Columba livia)
Dove 18 16.82 18.82 3 3.95 4.74
Subtotal

Red-shafted Flicker 137 8 7.48 6.69 1 1.32 1.19
(Colaptes cafer)

Western Kingbird 42 = - - 1 1.32 0.36
( Tyrannus verticalis)

Homed Lark 29 - = = 1 1.32 0.25
( Eremophila alpestris)

Scrub Jay 77 1 0.93 0.47 - = =
(Aphelocoma coerulescens)

Robin 82 2 1.87 0.99 7 9.21 4.97
( Turdus migratorius)

Bohemian Waxwing 56 2 1.87 0.68 - -
( Bombycilla garrula)

House sparrow 26 - = = 9 11.84 2.03
( Passer domesticus)

Western Meadowlark 89 9 841 4.89 18 23.67 13.87
(Sturnella neglecta)

Redwinged Blackbird 54 4 3.74 1.32 - -
(Agefaius phoeniceus)

Brewer’s Blackbird 68 3 2.80 1.24 | 1.32 0.59
( Euphagus cyanocephalus)

Unidentified blackbird 61 5 4.67 1.86 1 1.32 0.53

Green-tailed Towhee 30 2 1.87 0.37 - - -
(Chlorura chlorura)

Rufous-side Towhee 37 - - - 2 2.63 0.64
(Pipilo erythrophthalmus )
Passerine 28 26.16 11.82 40 52.63 23.24
Subtotal

Big brown bat 18 1 0.93 0.11 = =

( Eptesicus fuscus)
Unidentified bat 10 2 1.87 0.12 ~ -
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Table 5 ( Continued)
Uintah b;mmul sqquirrel 250 - - 2 2.63 4.33
( Citellus armatus)
Rock squirrel 696 - 2 2.63 12.04
(Citellus variegatus)
Unidentified ground 400 - - 1 1.32 3.46
squirrel (Citellus sp)
Meadow mouse 60 - - - 1 1.32 0.52
( Microtus sp)
Mammal 3 2.80 0.23 6 7.90 20.35
Subtotal
Totals 107 99.98 100.00 76 100.01 100.00
20 species 21 species
'-\1||-r prey items for both species originated from the ]’l'r(‘};ruu_' Falcon and Pramrie Falcon eyries at site 7 (Table 1, lig 1); hence, for
the maost part, they represemt prey species from a common resource
*Weights of all avian species, with exception of the common pigeon, were obtained from Porter, Bushman, and Behle (unpubl. ms);
the value for the common pigeon was obtained from Roxie Lavbourne, of the U. S. Bureau of Sport Fisheries and '\\'ll:]lth weights of
mammalian species were estimated from those given by Hall (1946). Those of unidentified bats, Lt-nltui squirrels, and young ducks were esti

mated by the authors
IWeight of the
June 1947

voung ducks is estimated; voung pintails

dura macroura), Willet (Fig. 25), Western Mead-
owlark (Sturnella neglecta), Red-shafted Flicker
(Colaptes cafer), Wilson’s Phalarope (Stegano-
pus tricolor), Rock Dove (Columba livia), and
two species {:f blackbirds (Agelaius phoeniceus
and Euphagus cyanocephalus) made up nearly
79 percent of the food items at the eyries. How-
ever, in both total biomass (59.7 puunt} and
in numbers (43.9 percent), the shorebirds com-
prisvd the largest segment of the diet, of which
the avocet (37.5 percent biomass) (also see
White, 1963) and Willet (12.4 percent biomass)
were by far the most frequent, This is probably
a reflection of the availability of shorebirds in
the Great Salt Lake marshes.

Aside from being common, both avocet and
Willet may have some conspicuous behavior that
makes them easy to capture and that accounts
for the numbers taken by the falcons. Tinbergen
(1940) has shown that various behavioral pecu-
liarities of certain passerine birds enhance their
vulnerability to predation, and F. and J. Craig-
head (1956), based on the study of the food
remains at 20 peregrine eyries, have suggested
that the flash patterns of meadowlarks, redwings,
and the Blue Jay (Cyanocitta cristata) and the
conspicuous flight of flickers may increase the
vulnerability of th( se species to pud ition bv the
peregrine. This h\pnthvx:a may be applic -able to
the “t":t and avocet, both of which have con-
spicuous flash patterns.

Mourning Doves and Rock Doves were im-
portant columbiforme items (18.8 percent of bio-
mass and 16.8 percent of total items). Passer-
]ITI!'H', \\‘!HI{I[‘][‘('T‘{I'I‘_‘\" J{H(l I}:lt.‘\' were I'I'I)I‘{'S(‘Iltl'(]
in smaller and biomass (Table 5).

The use of bats for food by pn:'tf]mm has
been re porte d from Texas by Stager (1941), and
Falcons ( Falco pe legri-
noides babylonicus) of t]n- Middle East, which
are either peregrines or are very closely related

Hll!Il]]l'i"-

desert nesting Shaheen

(Anas acuta)

not yvet feathered were in the peregrine eyrie on 13 and 14

to them (Vaurie, 1961: White. 1968b: Brown
and Amadon, 1968), reportedly hunt bats at
dusk (Dementiev, 1951 and 1957). In Indonesia,
Mees (1949) reports that wintering tundra fal-
cons seem to be specialized for feeding on bats.
He saw one falcon kill seven bats one after an-
other. Fischer (1968) reports that the subspecies
of peregrine (F. p. ernesti) indigenous to Indo-
nesia also hunts bats.

Willet ( Catoptrophorus semipalmatus) on nest.

Fig. 25.
The Willet was an important prey species in pere-
grine eyries of the Great Salt Lake Valley. This
species is inconspicuous while on nest but in flight

like the stilt and avocet, shows a striking flash
pattern. Photo by R. J. Erwin 1959.
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Table 6. Prey species in two Peregrine Falcon eyries in Utah's desert (sites 4 and 28, Table 1, Figs. 1, 9, and

22).* C=Colorado P]J.lt..l.ll GB—Gudt Bdsm

Chukar (Alectoris graeca) (C)°°
American Coot ( Fulica americana) (GB)*®®
Mourning Dove (Zenaidura macroura) (C, GB)
Common Nighthawk (Chordeiles minor ) (GB)®°
Ash-throated Flycatcher (Muyiarchus cinerascens) (C)°°
Say’s Phoebe (Sayrnis saya) (C)°*®
Horned Lark ( Eremophila alpestris) (C, GB)®®
Pinon Jay (Gymnorhinus cyanocephala) (C)°®°
Western Meadowlark (Sturnella neglecta) (GB)
Yellow-headed Blackbird ( Xanthocephalus
xanthocephalus) (C)°®*°

Redwinged Blackbird (Agelaius phoeniceus) (C, GB)
Lark Sparrow (Chondestes grammacus) (GB)®°*®
Unidentified Passerines (C)

Passerine Subtotal

Desert Totals

Weight Percent Percent
class of ot
in grams No. total biomass
520 1 5.26 26.52
365 1 5.26 18.60
115 2 10.53 11.73
62 1 5.26 3.16
29 2 10.53 2.96
2], 1 5.26 1.07
29 3 15.79 4.44
116 1 5.26 5.92
89 1 5.26 4.54
92 3 15.79 14.07
54 2 10.53 5.51
29 1 5.26 1.48
14 73.68 39.99
19 99.99 100.00
12 species

*See footmote for Table 5
**Not recorded in Wasalch

Mountain eyries (see Table 5)
Eyries adjacent to the Great Salt Lake con-
tained no full-grown waterfowl despite the abun-
dance of waterfowl in the adjacent marshes, al-
though the peregrine has been observed eating
or pursuing full-grown ducks of several species
during the breeding season. These include the
Gadwall (Anas strepera) (observed 5 May 1938,
field notes of R. G. Bee), a teal (H. Austin,
pers comm.), a teal on 10 April 1948 at Ogden
Bay (Porter), and the Redhead (Aythya ameri-
carm) (Wetmore, 1933). Calvin Wilson (pcrs
comm.) has watched peregrines from an eyrie
in the Wasatch Mountains eating Ruddy Duck
( Oxyura jamaicensis), Cinnamon Teal ( Anas cly-
anoptera), Pintail (Anas acuta), and American
Coot (Fulica americana) on dikes of a nearby
marsh. R. ]J. Erwin (unpubl. data) flushed a
peregrino from the side of a highway in Grand
County in April 1958, where it had just cap-
tured an adult Mallard (Anas playtrhynchos).
Cade, White, and Haugh (1968 ), on the other
hand, found that waterfowl constituted nearly
50 percent (biomass) of the food items in the
eyries of the Alaskan taiga peregrine (F. p.
anatum, sensu lato). Utah peregrines are smaller,
however, than those of interior Alaska. The
absence of ducks in the Wasatch Mountain ey-
ries may possibly be cxphm(*d on the basis of
the weight of the prey item in relation to the
distance that peregrines must carry it to their
eyries. A full-grown duck may be too he avy for
peregrines to carry the several miles from the
Great Salt Lake marshes to eyries along the
Wasatch escarpment.
Shorebirds were not present in two desert
eyries. One eyrie was located near a marsh in

the Great Basin and the other near a river in
the desert of the Colorado Plateau. The avail-
ability of a variety of marsh and shorebirds to
the peregrines at the desert eyries in the Great
Basin (Table 6) accounts for the presence of the
coot. The coot in the Great Basin desert eyrie
probably came from a pond (desert spring)
which was only about 1,200 yards (1,097 m)
from the eyrie site. Since its weight (400 g) is
about the same as that of a duck, it is possible
that its absence from the Wasatch Mountain
eyries may have been for the same reason that
ducks were missing from these eyries. The small
sample-size of food items pmbably accounts
for the absence of shorebirds in this desert eyrie.

At a Wasatch Mountain eyrie, observed by
R. D. Porter (site 7, Table 1) for the first two
weeks after hatching, only one, and at most,
two, prey items were found each day in the
nest; these usually consisted of I{L-(]\\mgvd Black-
birds, M(mrmng Doves, Willets, and meadow-
larks. But as the nesting season progressed,
a greater number of species and items were
brought to the nest. On 28 June 1952, for ex-
amp]r: about three weeks after hatching of
the young falcons, the female retume d with a
young Willet at 11:00, a robin-sized bird at 11:50,
and an unidentified item at 17:20. The male re-
turned with a young avocet at 15:20 and a leg
of a young avocet at 15:45. The next day the
male hr(mtfht a Wilson’s Phalarope to the nest
and the female an avocet. Other items found
in the nest on 29 June were Scrub Jay (Aphelo-
coma coerulescens), unidentified blackbird, big
brown bat ( Eptesicus fuscus) and one adult and
one immature Wilson's Phalarope. Of the shore-
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birds brought to the young at this eyrie (site 7
Table 1) during the years it was observed, 33
percent were partially fledged young of the sea-
son. Peregrines nesting along the face of the
Wasatch Mountains traveled several miles to
obtain the marsh and shorebirds (Table 4);
other species were obtainable much closer to the
eyries.

Despite the peregrine’s reported antipathy to
capturing food on or near the ground (Bond,
1936a ), mammalian prey species such as the
brush rabbit (Syfviﬁrgus Euchmani} (Bond,
1936¢), rats (Rattus sp.) (White, et al., 1973),
and certain gallinaceous birds  (ptarmigan,
Lagopus sp.) (Cade, 1960; White and Cade,
1971) also are taken for food {)cc-w[unal]_\. Bond
(1946) reported that peregrines commonly
brought Horned Larks to their small young.
The Homed Lark, which is essentially a ground-
dw r:’llmg species, is one of the most abundant
birds in Utah’s salt desert scrub vegetation. It
was present in peregrine eyries in both the
Colorado Basin and Great Basin deserts of Utah
(Table 6).

Much of the desert lowlands and foothills
of Utah are vegetated with desert scrub and with
plgm\ conifer forests, respectively, yet the pere-
grine was not known to nest far from water in
those areas where the Horned Lark of necessity
would have been an important item in its diet.
Jays (Aphelocoma and Gymnorhinus), king-
birds (Tyrannus), Ash-throated Flycatcher
( Myiarchus cinerascens), Lesser T\Itghth.l\\ks
Red-shafted Flickers, Robins, Mourning Doves,
and Black-throated Gray Warbler (Dendroica
nigrescens ), some of which are known to be used
as prey by the peregrine, are available in the pig-
my forests, vet the peregrine nests in these areas
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only when water or marshes are nearby.

A more intensive study of the peregrine’s
food habits in Utah during nesting season un-
doubtedly would have revealed a much wider
variety of prey species, especially the smaller
passerines. In terms of biomass, however, the
smaller species of birds probably would not have
altered appreciably the percentages of each
category of birds.

The abundance of doves in Utah eyries is
not surprising, desplte the availability of marsh
and shorebirds, since the domestic plgjmn has
been found to be a favorite prey species of the
peregrine, not only in the eastern United Stat(‘s,
but also in many ‘other areas of the peregrine’s
cosmopolitan distribution (Hickey and Ander-
son, 1969).

The Utah peregrines utilize a wide variety
of prey species (at least 29 species, see Tables
5 and 6) during the nesting season, and in this
respect their diet is more compamble to that of
populations elsewhere in North America than to
that of populations in the Queen Charlotte Is-
lands, where Beebe (1960) found them limited
mostly to one and not more than four prey spe-
cies during the nesting season. On Amchitka in
the Aleutian Islands, White, Emison, and Wil-
liamson (1973, in press) list 32 species in the
peregrine’s diet, most of which were found in
the nests, and comprised principally marine
birds, waterfowl, gulls, and shorebirds. Shore-
birds were represented frequently in the eyries
of peregrines along the Colville River of Alaska
(White and Cade, 1971). Cade, White, and
Haugh (1968) reported 49 prey species in eyries
located in the taiga zone of the Arctic, and Cade
(1960) found 21 species in nests located in the
tundra zone.

NESTING BEHAVIOR IN UTAH

History of Nesting at a Wasatch Mountain Eyrie

Eyrie sites of the Peregrine and Prairie Fal-
con at a cliff on t]w escarpment of the Wasatch
Mountains ( Table 1, site 7: Fig. 26) were ob-
served by R. D. l’m't[ r, R. J. Erwin, and others
from 1943 through 1952, exclusive of two war
1944 and 1945. We obtained data at this
cliff on inte rspecific competition between the
two species and on productivity, incubation peri-
ods, and reproductive failure for the peregrine,
all of which will be discussed under separate
headings.

The cliffs were composed of quartzite and
faced westerly along the west-facing escarpment
of the mountains and southerly tllunl_{ a south-

vears,

facing edge of a side canyon. Peregrines were
first noted there on 3 \pn] 1943, the vear the
cliff was first under our observations, by R. J:
Erwin and F. Poorman, and again that year
by J. F. P[J{:-mmn and R. L. Porter on 15 Aprll
A nest containing three eggs was found on 26

April. Prairie Falcons were also first noted at
tlm cliff in 1943. A summary of the I't.‘[']l’l)dllt'tl\-(‘
]natnn of the peregrines at this site is given in
Table 7. The ph_\swll characteristics of the var-
ious peregrine and Prairie Falcon sites utilized
during Hu' period of study are gnt'n in Table 8.
The I)‘lllt[)“l.lph\ represe nted by Figures 27-39
were taken in 1947, 1948, and 1952

In 1949 the peregrines defended a nesting
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Fig. 26. A cliff along the escarpment of the Wasatch Mountains which contained eyries of both the Peregrine Fal-
con and the Prairie Falcon (Table 1, site 7). The Peregrine Falcons used site A-3 in 1943, 1952, and 1953;
site B in 1946 and 1947; and site C in 1948 and 1951. The Prairie Falcons used site 2 in 1948; site A-3,
1949; and site 1, to the north (not shown in photograph) of site A-3, in 1943 and 1950, Sites B and C
faced south, sites 1, 2, and A-3 faced west. Photo by R. ]J. Erwin, 1972.

ledge, which contained two nest scrapes, but
apparently laid no eggs. They defended several
sites on the cliff in 1950 but with less tenacity
than usual. Although they made 20 to 25 scrapes
along several hundred feet of ledge, no eggs
were found. Between 4 March and early June
the cliffs were searched for an eyrie 10 times
without success. The behavior of the birds sug-
gested the presence of a nest at numerous places
along the cliff. However, each new section of
clitf was defended with nearly equal spirit.

In 1952, the two young at site A (Fig. 26
and Tables 7 and 8) were measured and
weighed from date of hatching until 13 August.
They were removed from the nest on 5 July.
R. J. Erwin banded three young peregrines at
the 1943 site in 1953. He obtained no informa-
tion on egg number or occurrence of Prairie
Falcons.

A new female peregrine nested at alternate
site A in 1952. She still had some immature

Five-egg clutch of Peregrine Falcon (eyrie

Fig. 27. £
site 7-B, Table 1, 1947). Note the wood rat (Neo-
toma sp.) scat on ledge and about the eggs. Photo
11:\.' R. D. Porter.
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Fig. 29. Female peregrine settling down over nestlings which are only a few days old (Table 1, site 7, alt.
site C). Photo by R. D. Porter and R. J. Erwin, 1948.
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Fig. 31. Female peregrine with young, in defensive attitude. Photo by R. D. Porter and R. ]J. Erwin, 1948.
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Fig. 33. Female peregrine feeding young which were nearly 3 weeks old {eyrie site T, alt. site B, Table 1).
Photo }b_\' R. D. Porter, 1947.
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Fig. 34. Young peregrines at approximately 4 weeks of age (eyrie site 7, alt. site C). Photo by R. D. Porter
and R. J. Erwin, 1948.

Fig. 35. Young peregrines about 6 weeks of age, nearly old enough to fledge (eyrie site 7, alt. site C). Photo
by R. D. Porter, 1947.
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Table 7. Reproductive history of the peregrines at a Wasatch

Figs. 26-29).
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Mountain eyrie (site 7, see Tables 1 and 8, and

EGGS NESTLINGS
Alternate Probable Incubation Other
site Dates date of period Dates dates of
Year location recorded No. lst egg (in days) No hatched record Misc. Data
1943 A 26 April 3 = =37 (3rd egg) 3' unknown 31 May
1946 B = = — = unknown 4  unknown 26 June Young nearly
fledged, two taken
1947 B 26 April 3 21-22 April 35-37 (3rd egg) 3 unknown 31 May Downy young
17 May  5?
1948 C 16 Apri] 3 11=12 April 42-44 (3rd cgg) 4 28-29 May 29 May
19 April 4 39-41 (4th egg) 5 eggs, 1 pipped
27 May 5 27 May; 4 young +
1 addled egg, 29 May
29 June 4 young, 2 taken®
5 July  young fledged*
17 July  young full grown®
1951 C 2 May 3 unknown 0 -
3 May 3
13 May 2
19 May 0 ==
1952 A 29 April 1° 29 April 37 (egg 1) 0 4 June 2 eggs pipping
1 May 1! 2 5 ]une 07:00 5 June 1 hatched, 1*
27 May 3 nearly hatched
31 May 3 2 7 June both hatched
1 June 3
1953 A - - - - unknown 3 - -

Three young were about ready
3 [[\Tllﬂll'\.‘ [l.'['l].l.ll“i T.Ekl"ll FI\I— E.Ill onry.
approach of observer,
numeral 1 in India ink. Two eggs pipping, one with small hole
in ege marked with numeral 1;
legs; i1t probably hatched on & June;

third egg addled

feathers (see Figs. 36-38), and was undergoing
a molt as evidenced by the fact that on 28 June
the upper surface of the wings had just begun
to molt into the adult plumage. The molt on the
back (capital and spinal feather tracts) and the
lower breast (ventral tracts) was nearly com-
plete, while that of the primaries and rectrices
had only begun. The capital tracts of the head
were onlv partially molted. While the female
was in fhght it was noted that at least one pri-
mary was missing on each wing as well as at
least one retrix on each side of the tail.

The plumage condition of this bird indicates
that she probably was no more than three years
of age. Records of breeding peregrines while
still in their immature plumage are not common.
Beebe (1960) noted no instances of mated pairs
in immature plumage, or even in plumage show-
ing traces of immaturity, in a rather large
samph of pairs along the northwest Pacific
Coast. However, Herbert and Herbert (1965)
pninh-d out two instances of imnmhlrv-p]um-
aged females occupying an eyrie, neither of
which was found to lay Hickey (1942)
reported on three imm: ltmv one-year-old  fe-
males that failed to lay eggs and a fourth that
brooded a clutch of two eggs, making a total
of only one first-year female out of 34 falcons

(\sr(r\

for |'|||_}:|1 when two were taken for hlumlr\ sometime o early Jtl.l\
oldest male, tail half Brown, flew from mest.
first male to leave nest on rock above nest. 17 July:

(ege 1),
marked egg weighed 47 g, other pipped egg,

229 June: 4 young, 2 males,
still on nest ledge, flew at
about full grown. *Marked with a
voung peeping inside both eggs, loudest
and unpipped egg, 48 g. 3Shell around abdomen and

5 July: 1 young male,
females taken from nest
other barely dented,
50 g,

over a two-year-period in New York. A report
by Herbert of two females believed by him to
be two-vear-old birds, both of which laid only
two eggs in different years, also was mentioned
by Hickey (1942). White and J. R. H'lugh (pers.
obser.) found one female, out of 17 pairs breed-
ing on the Yukon River in 1966, that was essen-
tially still in the streaked brown immature plum-
age. Therefore, it was thought to be but one

‘year old. She laid two fertile eggs, one of which

hatched.

Egg Laying

At the alternate site A eyrie (Table 1, site
7) egg laying began between 12 and 29 Aprll
(1943-1952) as estimated by counting back from
known dates certain eggs were laid (Table 7).
Published records for the state range from about
22 March (u)untmg back from 30 March as
given by Johnson, 1899) to the second or third
week in May (counting back from 20 May given
by Bee and Hutchings, 1942). The first egg of
a three (L‘L clutch found by White and Lloyd
(Table 1, site 28) was probably laid around 6
May, as indicated by the date of hatching. At
the aforementioned eyrie in the Wasatch Moun-
tains (Table 1, site 7), 3.8 eggs (range 3-5) on
the average were laid per year during the five
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Fig. 36. A view of female peregrine with unmolted immature plumage. Her two young are about 3 weeks old
(eyrie site 7, alt. site A). Photo by R. D. Porter, 1952.

Fig. 37. Same female as in Fig. 36. This bird is certainly not more than three years old because of the amount of
5 5 4 ‘
immature plumage retained. Note that most of the tail, secondary wing feathers, and greater wing coverts
are immature feathers. Photo by R. D. Porter, 1952.
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Table 8.
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Physical characteristics of eyrie sites at a cliff in the Wasatch Mountains (Table 1, site 7, see Flgs.

26-39) used by both peregrines (Pe) and Prairie Falcons (Pr). Values in parentheses represent metric equiva-

lents.

Approx. dist.

in ft (m) Species' Cliff Eyne
from and height, height,
Alt. site A year ft ft Direct
site to site used (m) (m) facing
A-3F 0 Pe 1943 110 85 w
1952 (34) (26)
1953
Pr 1949
320 Pe 1946 135 90 S
(98) 1947  (41) (27)
C 350 Pe 1948 135 90 S
(107) 1951 (41) (27)
1? 300 Pr 1943 110
(91) 1950 (34) - W
2 55 Pr 1948 110 95 W
(17) (34) (29)

Dist. Eyrie Dia.
Ledge Ledge  below Nest nest Depth
length, width, overhang, area  scrape,  soil,
inches  inches inches ft inches  inches
(m) (m) (m) (m?) {m} (m)
T2 62 20 7.42 6.9 2
(1.8) (1.6) (0.51) (0.69) (0.18) (0.051)
120 60 18 6.45 = Lo
(30) (L5) (046) (0.60)
156 48 35 6.55 6.4
(4.0) (1.2) (0.89) (0.61) (0.16) -
61 90 21 ol = 2
(15) (2.3) (0.53) (2.0) = (0.051)

Prairie Falcons were not recorded in 1947, 1952
2A1l wvalues were obtained |r\ direct n‘-(“lﬁll]’enlt‘nt\ al  eyrie
distances between evre sites,
IExact eyrie site was not reached

vears that eggs were found (see Fig. 27), and
24 of the eggs (range 0—-4) on the average
hatched. The eyrie produced a total of 19 young
during the seven years it was known to have
been active, for an average of 2.7 young per

A close-up of same

and 19531, were seen, but no nest was found in 1951.
"|l|l‘q
are approximations from photographs, using a peregrine’s egg or the adult peregrine as a unit of measurement.

all other values given in the table, except cliff and eyrie heights,

vear. Although the number of fledged young
was not ascertained, no young were known to
have died in the nest. Eight young, however,
were removed for falconry when nearly fledgcd

These values appmach those for the peregrine

L] .
¢

|

female as in Fig. 36. Photo by R. D. Porter, 1952.
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in eastern North America, where Hickey (1942)
found the average clutch size to be 3.72 and
the average number of downy young to be 3.0.
For western North America, Bond (1946) re-
orted an average clutch sizc of 3.7 and Cade
(1960) recorded an average of 27 eggs per
clutch in northern Alaska and 3.1 eggs per clutch
in other locations in the Arctic.

Incubation

The eggs are laid usually at two-day inter-
vals, and occasionally at three (Cade, 1960; Her-
bert and Herbert, 1965; Demandt in Fischer,
1967). On the Hudson River, incubation gener-
ally began on the fifth day with the laying of
the third egg and averaged 32-33 days from time
of commencement until the hatching of the
last egg (Herbert and Herbert, op. cit.). The
incubation period is determined best by check-
ing the time between the last egg laid “and the
last young hatched (Nice, 1954), providing
that all eggs hatch. Although the incubation
period in the peregrine is said to be 28-29
days (Witherby, et al, 1939; Dementiev, 1951;
Herbert and Herbert, 1965) there is still some
uncertainty regarding its exact length, as sug-
gested also by Nelson (1972), who believes it to
hf' closer to 32 to 34 days in F. p. peafel It the
incubation period for the fifth egg is 28 to 29
days, and not more than two days elapse be-
tween the laying of each egg, the period be-
tween laying of the fourth egg and the hatching
of the fifth egg would be 30 to 31 days; be-
tween the laying of the third egg and the hatch-
ing of the fifth, 32 to 33 days; between the
second and the fifth, 34 to 35 da\s and between
the first and the fifth egg 36 to 37 days. In
four-egg clutches, the intervals between the lay-
ing and hatching of the third and fourth egg
would be 30 to 31 days; between the second and
the fourth egg, 32 to 33 days; and between the
first and fourth egg, 34 to 35 days. For three-egg
clutches, the intervals between the lay ing of the
second and third eggs would be 30 to 31 days;
and between first and third eggs, 32 to 33 days.
If, as rr'pnrt( d by Nelson (ibid.), the incubation
period is 32 to 34 days, 4 to 6 additional days
must be added to each of the above values.

At the Wasatch Mountain evrie (Tables 1
and 7, site 7), the incubation period in 1947 and
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1952 was close to that given by Nelson (op. cit.)
for pealei. In 1948, however, it seemed to have
lasted abnormally long. The period from layin
to hatching was about 40 days (39 to 41) for
the fourth egg and at least 42 days (42 to 44)
for the third egg, which is about 10 days longer
than that expe cted using the 28 to 29 (Lw period.
This could be txplmncd if the first clutch was
destroyed within a day or so after the fifth egg
was laid and if the first egg of a new clutch
was laid a day or two later. This would increase
the observed incubation period by about 10
days. This phenomenon has been reported in
captive American Kestrels (Falco sparverius)
(Porter and Wiemever, 1972).

In 1952, the [)0110(] between the laying and
hatching of marked egg number one was about
37 days. It likely was laid the day it was first
found or the da\ before. Unfortunate ly, the
period of 36 to 37 days corresponds ch)w]\ to
the expected incub: ation period for the first egg
of a five-egg clutch, if the incubation period is
28 to 29 days, as well as that expected for the
first egg of a three-egg clutch if the incubation
period is 32 to 34 days.

The 32- to 34-day Pﬂmd seems to fit our data
better than does the 28- to 29-day period. Addi-
tional observations are needed to resolve this
problem.

Two days elapsed between the pipping of
the first egg to hatch and the fourth egg to
hatch (a fifth egg did not hatch) in 1948.
Only one day elapwtl between pipping and
h.1tohn'ng of egg number one in 1952 and the
same was probably true of the second egg as
well. This appears to agree with Hall's (1955)
observation in 1943 on the Sun Life peregrines,
which hatched two eggs on each of two succes-
sive days. Porter and Wiemeyer (1972) reported
a two-day interval between the hatching of the
first and the last egg of five-egg C]lltCl]L“s of
captive kestrels. The kestrels frequently began
incubation with the laying of the fourth egg.
Unlike the peregrines of the lower latitudes,
those in the Arctic reportedly initiate incubation

with the laving of the first egg (Cade, 1960;
Dementiev, 1951). Cade (1960) reported as
much as a week’s difff-rvm'v between the ages

of the youngest and oldest nestlings in four-egg
clutches in the Arctic.

PEREGRINE DECLINE IN UTAH

The peregrine in Utah, as elsewhere in the
United States and in Europe (Hickey, 1969),

declined precipitously in the past two decades.

To our knowledge, only two or three of the 29
evries known to occur in Utah over the past
several decades are still active. Nelson (1969)
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reported that before 1942, 50 percent of the
“9 or 10" (9, Nelson, pers. comm. 1969, see
Table 1) eyries located by him between 1939
and 1942 around the Great Salt Lake were taken
over by Prairie Falcons, and by 1948 only three
or four of them were left. White (1963), how-
ever, note 'd that five of these eyries (Table 1,
sites 4, 7. 8, 10, and 13) were still active as late
as 193_.. and two additional eyries (sites 17 and
18) are known to have been active in 1952 (C.
Ward, pers. comm.), indicating that some of
them were overlooked by Nelson (1969) or else
previously unoccupied eyries were reactivated
later. However, White's (IJGQ}J) report of the
occupancy by peregrines in 1954 of an eyrie
which earlier in the century (1927) was used by
Prairiec Falcons (Wolfe, 1929) suggests that the
reverse situation also may have taken place.
The usurpation of peregrine eyries by Prairie
Falcons may not have been p(‘nnuwnt. as sug-
gested by our observations of the two species
utilizing one another’s eyries in Utah. Nelson
(1969) indicates that he was unaware of the
utilization of alternate nesting sites by the pere-
grine between 1939 and 1942, which increases
the possibility that some of t]u' peregrine loca-
tions believed to have been taken over by Prairie
Falcons at that time were still being utilized by
peregrines nesting at alternate t*\-‘ri&*q
By 1956, only four of the 20 known eyries

along the Wasatch Front were active. No voung
have been known to fledge from anv of these
eyries since then (White, 1963), n]thcmgh one
adult was seen at each of two evries in 1969
(Table 1, sites 8 and 18), and a third is report-
edly still active. Only two or three eyries were
believed to have been active by 1969 in the
entire state, which represents only about 10
percent of the total known to occur earlier. On
the other hand, there are vast areas in Utah
with seemingly appropriate ecological condi-
tions that have remained virtually unLYp]m(’(l
for falcons. It is I)(J\'\lhl(' that 10 or more eyries
exist in these areas. It is inte resting to note that
the eyries in the more remote parts of Utah
remained active nearly a decade longer than did
those in the more populous and more intensive-
ly cultivated areas.

Climatic Change Hypothesis for
Peregrine Decline
Nelson (1969) has h}'pr)thvxizml that the re-
duction in numbers of active eyries in Utah
was caused by a combination of rising average
temperature and drastically reduced pre (lpltm
tion, starting about 1870. He suggested that these
changes resulted in the drying up of small lakes
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and ponds and the lowering of the surface
water areas of larger lakes, causing a critical
reduction in the habitat for the prey species of
the peregrine in Utah and in other areas of the
northwestern United States. According to Nelson
(ibid.) by 1961 the drought gave way to more
moderate conditions resulting in habitat changes
more suitable to the peregrine.

Besides the drought conditions reported by
Nelson (1969), river waters were diverted for
irrigation and the vegetation ddjacent to the
marshes was overgrazed by livestock (Behle,
1958). By 1910, thousands of once productive
acres of heavily vegetated marshlands along
the shores of the Great Salt Lake, with their
smaller lakes, ponds, and channels of fresh water,
became mud flats with stagnant pools of alkaline
water. Ultimately these changes caused the
death of thousands of ducks, shorebirds, and
marshbirds due to botulism (Wetmore, 1915,
1918; Behle, 1958). It was not until after the
completion of the Bear River Migratory Water-
fowl Refuge between 1932 and 1935 and the
Ogden Bay and Farmington Bay refuges in about
1941 that these marshes r{‘[_,.um'd much of their
former vitality and Pl(]duth\’lt\‘

Some n]mngm took place as late as the early
1950s in the marshes further removed from the
lake. Weller, Wingfield, and Low (1958), for
example, recorded a drastic change in the size
of the Knudson Marsh, four miles west of Brig-
ham City, Utah, between 1950 and 1955. They
attributed the changes to a deepening of the
water channel entering Bear River Refuge, an
increased demand for irrigation waters, a below
average rainfall between 1952 and 1954, and
overgrazing by cattle. The change in size of the
I\nudsnn \1.11‘&11 resulted in a decline of one-
third in the number of species and two-thirds
in the number of birds nesting there.

By 1960, the total acreage of marshland in
Utah was reduced by nearly .30 percent (Smith,
1961) of the 1,174,400 acres (475,279 ha) known
to exist originally (Low, 1966). Smith (1961)
reported  the existence in 1960 of 600,000
acres (242820 ha) of wetland habitat in Utah
of variable value to wildlife. Of this acreage,
83,000 (33,590 ha) were owned by the U.S.
Fish and Wildlife Service and 60,000 (24,282
ha) were owned and operated by the State Fish
and Game Department. The 1(*[11‘11111110 acreage
was in private ownership, either as m: iaged
clubs or as unmanaged natural wetlands. Un-
fortunately. the effects of these environmental
changes on the peregrine were never docu-
mented adequately.

Morlan Nelson (Hickey, 1969: 96) has sug-
gested that in 1965 there was only enough
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habitat left in the Bear River marshes to sup-
port one pair of peregrines. This would seem to
be an underestimation, since we know of several
eyrie sites in the western United States where
peregrines have bred successfully adjacent to
marshes much smaller and much less productive
than are the Bear River marshes.

In discussing the decline of the peregrine in
Utah, Nelson (1969) indicated that the pere-
grines nesting in 1939 at the Ul site (site 11,

Table 1) adjacent to the Bear River Migratory
Bird Refuge did not return to nest by 1941 be-
cause the drought dried up their ]11111t1n5_, sites.
So that we might critically assess Nelson’s im-
plication, we measured the extent of the marshes
and open waters within a five-mile (18 km ) radi-
us of the Ul eyrie, using U. S. Geological Sur-
vey t()PO“ldpll]'L maps (.wrl.l]]\ photographed,
1953-1956). The resulting measurements tend
to weaken Nelson’s argument, since there were
still 16.6 sq miles (43 km®) of marsh and 5.8
sq miles (15 km*) of open water within the
five-mile radius. Moreover, the Bear River Ref-
uge, with its extensive marshes, was only seven
miles away. However, this is based on the as-
sumption that these marshes did not increase
appreciably in size between 1941 and 1956. We
cannot comment on the latter premise because
we have no information on the extent of these
marshes for the early 1940s.

Since we consider the cliff at the Ul site
to be marginal in terms of accessibility to
humans and predators, we believe that human
disturbance may have been the major factor
causing the abandonment of this eyrie, alth{}uz_,h
habitat change and competition w ith the Prairie
Falcon pl[)hdl)]\ played a subordinate role.

Further evidence which tends to weaken
Nelson's climatic change hypothesis was ob-
tained from Noland F. ’\T{‘]son manager of the
Ogden Bay State Waterfowl \Ia:mr_‘vnwnt Area.
Nelson spt'nt many hours at the Bear River and

Ogden Bay marshes prior to the completion of
the refum"-. He noted that there was not a
dearth of shorebirds and marshbirds at these
marshes before the dikes were constructed (N.
F. Nelson, pers. comm., 1971) and that the de-
velopment of the Ogden Bay area increased the
numbers of mahng and migrant shorebirds
(Nelson, 1954). Nevertheless, he does believe
that the shorebird populations at Ogden Bay
have declined in the past several years (N. .
Nelson, pers. comm., 1971).

Furthermore, it is of interest to note that
Noland Nelson observed fewer peregrines at
Ogden Bay in the 1950s than in the 1940s. He
saw them there occasionally in the 1940s (Nel-
son, 1954), but rarely after the early 1950s (N.
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F. Nelson, pers. com., 1971). The occasional ob-
servation of peregrines at Ogden Bay during
the 1940s is about all one would expect, con-
*.ldﬂ‘mg that these marshes were suppurtmg at
most only three pairs of active eyries during
these years. These observations (urresp{}nd with
the reduction of breeding pairs along the Wa-
satch escarpment between 1940 and the 1950s.

The Great Salt Lake has been subject to
major cyclic fluctuations in size twice historical-
ly, and perhaps many times in the past several
thousand vears. al]} historical evidence indi-
cates that in 1850, when the Great Salt Lake
was first surveved by Captain Howard Stans-
bury, it was much reduced in size compared to
carlier and later reports. James Clyman, who
with a party of tmppvu First (11{1111!11;1\!1(_{‘1’((*(1
the Great Salt Lake in a bullboat in 1826, wrote
the following in his journal on 1 June as he
passed thmuqh the Great Salt Lake Valley in
1846 on a trip east trom California.

proceeded nearly east to the point of a high mountain
[Oquirrh Mountains] that Bounds the Southern part of
the greate salt lake I observed that this lake like all
the rest of this wide spre:l(l Sterility has nearly wasted
away one half of its surface since 1825 [1826] when
I floated around it in my Bull Boate and we crossed a
large Bay of this lake with our horses which is now
dry ... (Korns, 1951:36).

Four vears later when the lake was sur-
veyed by Stansbury (1852), it covered 1,750 sq
miles (4,433 km*) (Powell, 1879). By 1869, the
lake had increased in size to 2,166 sq miles
(5,610 km*) (ibid.), and by 1870 to 2400 sq
miles (6,216 km*) (Bue, 1963 in Nelson, 1969).
By 1961. the Great Salt Lake had receded to an
uﬁp]'t't't-(h-ntvd low (950 mi®; 2461 km*) fol-
lowing several decades of drought (ibid.), and
by 1971 it had risen about seven feet (2.1 m)
above its historic low. with a surface area of
1,461 sq miles (3,784 km*) (U.S. Geol. Survey,
1971). Powell (1879) considered the lake to be
at its highest level in 1869, which exceeded a
level to which it had long been subjected, and
that its old mean area was 1.820 sq miles (4,714
km?). A drawing of the lake in 1850 by
Stansbury (Powell. 1879) is a near (luphn.th
of the size and shape of the lake shown on U.S.
Geological Survey topogr: ip]m maps constructed
from plmttwriphu taken in 1953. Anthropologi-
cal studies in Utah by Antevs (1948) and Har-
per and Alder (in press) and the studies of
Blackwelder (1948) suggest that the lake prob-
ably was subjected to fluctuations in size many
times prior to written history; this will be taken
up in more detail under a separate heading.

Despite these periods of drought and their
corresponding changes in aquatic habitat, the
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peregrine persisted until the late 1950s. Although
the relationship between the changes in climate
and concomitant fluctuations in the size of the
lake and the effects of these changes on peregrine
populations of the area may never be fully un-
derstood, it is clear that never before had these
populations been so adversely influenced by the
activities of man as in the past century.

Data from Utah Lake also do not seem to
fully support Nelson’s (1969) hypothesis. Data
on the fluctuations of water surface and com-
promise levels have been plotted for the period
1883 to 1960 (from several sources, including
Bureau of Reclamation and Utah State Fish and
Game). The lake oscillated around the compro-
mise level (4.488.95 ft; 1.368.23 m) between a
plus and minus five feet (1.5 m) through 1925.
Between 1925 and 1930, the lake remained
around the minus five-foot (1.5 m) level, and
starting in 1930 the lake level gradually lowered
to its lowest level, slightly below minus 10 feet
(3.0 m). in 1934 and 1935. There was a slow
regain, remaining near the minus five-foot (1.5
m) level through the mid-1940s, until it reached
above the compromise level in 1952, However,
the lake has remained below the compromise
level since then. At its lowest level (1934-35)
about 37 percent of the surface area was lost
(data through D.A. White from the Utah Lake
Research Station). Presumably many marshes
around the edge of the lake dried up during
this low pt’rind, thereby reducing shorebird and
water bird habitat. However, this may not be
a totally satisfactory index to the availability of
marshes. Many areas formerly covered by water
but apparently dry during the low water years,
such as Provo Bay, were fed by springs and
doubtless maintained some habitat for the prime
avian prey species. Some of these areas were
situated opposite active peregrine eyries. Thus,
the impact of the drought vears on peregrines
is difficult to evaluate. Even so, it is clear that
it was not until well after the drought years
and after the 1950s that some of the eyries
around Utah Lake became inactive (Table 1,
sites 17 and 18, for example).

As mentioned carlier, the number of pere-
grines wintering in the marshes adjacent to
the Great Salt Lake declined steadily from 1939
(p<0.01, lincar regression analvsis ), the year
Nelson (1969) located his first evries in Utah,
until the ecarly 1960s when the species disap-
peared as a resident in the marshes (Fig. 11). The
decline correlated closely in time with the aban-
donment of local evries. The desertion of some
evries during the carly 1940s and perhaps carlier
in the century is !'XI)]'..II'II'.IIII[' on the basis of Nel-
son’s (ibid.) climatic change hypothesis. How-
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ever, the magnitude of the decline which fol-
lowed later in the decade and on into the late
19505 is not, since management methods by then
had brought about stability to the marshes and a
concomitant increased population of prey spe-
cies. If climate had been the sole cause of the
decline in Utah, one should have expected the
reactivation of eyries by the early 1950s fol-
lowing the development of the migratory water-
fowl refuges in Utah, yet this did not happen.

( Additionally, a reported increase in nesting
peregrines since 1939 in Arizona at the expense
of the Prairie Falcon is still unexplained Phil-
lips, Marshall and Monson, 1964].)

We do not question the validity of Nelson’s
(op. cit.) climatic change hypothesis for Idaho
and elsewhere in the Northwest, where peregrine
food producing marshes and waters disapp(':lred‘
We do believe, however, that the more perma-
nent nature of the Great Salt Lake marshes great-
ly lessened the impact of these climatic changes
in Utah, resulting in the abandonment of a few
marginal eyries (Table 1, sites 11 and 25) that
were situated near smaller and less permanent
marshes or that were located on small, relative-
Iv accessible cliffs. However, the number of
evries, if any, that disappeared prior to Nel-
son’s (1969) 1939-1948 observations in Utah is
not known. Furthermore, a 10-vear reversal of
the prolonged drought of the preceding half
century which purportedly caused the peregrine
decline has not vet resulted in an appreciable
recolonization of old evrie sites or the estab-
lishment of new sites.

Nelson (op. cit.) also suggested that Utah’s
peregrines may have made altitudinal adjust-
ments during pvrim!s of drought to compensate
for the changes in climate. Our data show no in-
dication whatever of shifts in the species nesting
populations from lower to higher elevations
(see Table 2). Onlv one known evrie (site 36,
Table 1) and two .‘ill.\'l)('(‘l['(l evries (sites 97 and
29 Table 1) in Utah were above 6,000 feet
(1.829 m) in elevation. Two of these were
known carlier in the century (early 1900s and
middle 1930s). whereas the third is of more re-
cent observation in an area that was not investi-
gated biologically carlier in the century.

Pesticide Hypothesis for Peregrine Decline

Pesticide Syndrome in Utah Peregrines
Because climatic change did not appear to
be the complete answer to the peregrine decline
in Utah. we have investigated the possibility
that pesticides may have been involved during

the later stages of the decline.
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Abnormal behavior and increased reproduc-
tive failure were recorded at several Utah eyries
during the period following World War 11
(Table 1).

As mentioned earlier, the birds at site 7 in
the Wasatch Mountains either failed to lay in
1949 and 1950 or if they laid, their eggs were
destroyed and the adults showed little mC]md-
tion to defend their nests during these years. In
1951 the eyrie contained three eggs, l}ut they
(llbdpp(“lt{‘d one by one over a 17-(151\ pcnod
and in 1952 the nesting female at the eyrie was
a new one (see Table 7).

A pair of peregrines at an eyrie w hich was
located several miles away (Table 1, site 13),
reacted similarly when they were first observed
on 20 May 1951. An adult male and immature
female dived at us only halfheartedly once or
twice, otherwise they circled. screamed, or just
perched. A third falcon which flew by at thls
time elicited no response from either bird.
pair was seen there again on 1 June 1952 b\'
R. |. Erwin. Although they apparently had no
eggs, they rupondvd more normally to human
intrusion than they had the previous year.

The occurrence of immature females at these
two evries suggests the possibility of a break-
down in the nm‘mal ratios of adult to immature
peregrines during the early 1950s. The two
aforementioned eyries were visited again by us
in 1961, but no falcons were seen.

One of the four eggs in a Great Basin
desert eyrie (Table 1, site 4) was partially caved
in on one side and contained a small hole about
one-fourth inch (0.64 em) in diameter when the
nest was first located on 13 May 1954, The male
was not seen at this time, but the female dis-
played little if any of the expected aggressive-
ness toward our intrusion (Porter, et al., unpubl.
ms). When the eyrie was next visited on 24
June, only one youngster was present, and both
adults screamed ln(f:saantl\ at the observer. The
evrie was still active in 1954 (White). It was
last observed to be active in 1957 or 1958 by a
local falconer, who trapped the adults after a
complete clutch of eggs was said to have dis-
appeared.

White and Llovd (1962) found two freshly
killed peregrines, about 28 days old, at an eyrie
in the desert of the Colorado Plateau (Table
1, site 28, Figs. 9 and 10). The two young were
located near their nest, 70 feet (21 m) from the
top of a 400-foot (122 m) vertical chiff com-

osed of smooth Navajo sandstone on 7 July
1961. The back, portions of the thoracic organs,
and parts of the neck and wings of each had
been eaten. They attributed the death of the
two voung to pn-d;itmn by a Ringtail ( Bassaris-
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cus astutus), because of the presence of fresh
Ringtail scats along the ledge and because of the
nature of the \\mm(l\ on t]u' young.

When next visited on 6 July 1962, the adults
screamed, using the “wailing” call deseribed
by Hagar (in Bent, 1938). The female then left
the area, while the male flew back and forth
but remained silent. The following year both
adults were present, but they remained perched
and made no noise. Only one adult was seen
in May 1964 and none in May of 1965.

Later, White re-examined the young pere-
grines, which had been preserved (Univ. Utah
collection) and could find no chewed off feath-
ers so characteristic of fox-killed peregrines and
other mammalian predation observed subse-
quently by him in the Arctic. Furthermore, the
feathers appear to have been plucked from the
young as though by a bird, suggesting that their
death may have been the result of predation by
the pare nt birds or an avian predator rather than
a mammalian predator. As suggested by Morlan
Nelson (pers. comm., 1971), the deaths of these
two voung could have been caused by Great
Horned ()\\IH ( Bubo virginianus). or some raptor
other than the adult peregrines. (See Fischer
1967, for a more complete assessment of owl
and other avian predation on peregrines. )

The phenomenon of egg breakage and egg
Lll‘u'll]p( arance may not be restricted to the pcrc—
grine. A Prairie Falcon unv north of the Be:
River marshes observed h\ D. Porter, R. L
Porter, and Jack Hagan on (1 May 1951 con-
tained a single egg which was slightly cracked
on the small end. The female was not seen on
the nest, nor did she react defensively towards
her nest. The egg was absent on our next visit
to the nest on 13 May. Moreover, many of the
Prairic Falcon eyries that were l)]mvut around
the Great Salt Lake were abandoned during
the past two decades, while those farther re-
moved from the marshes, ll(.‘L‘lll‘Jit‘d |1}' pairs
living mostly on rodent diets, have persisted.

The pattern of |'(‘])1'u(lllt'ti\'|- failure described
here is similar to, and synchronous with, that
associated with the drastic declines which af-
flicted the peregrine elsewhere in the United
States, in Great Britain, and in northern Europe
(Hickey, 1969) beginning early in the 1950s.

The pattern of :'t-[‘n't)(hwti\‘t' failure in Great
Britain. where the documentation is the most com-
plete. was characterized by a marked increase in
the number of that broken in the
nests, in the number of eggs that disappeared,
and in the number of eggs eaten by the parent
birds. This plttlm wias |il”l1\\l{] by the disap-
pearance of one or both of the adult birds and
finally by the mmplvh' abandonment of the

cgus were
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eyries (Re wteliffe, 1958, 1963, 1965, 1967h, 1969).
It was determined later that the eggshells of the
peregrine in both Great Britain (Ratcliffe, 1967a,
1970), and in the United States (Hickey and
Anderson, 1965) had experienced a marked de-
crease in thickness starting about 1947. Ratcliffe
(1967a, 1970), who was the first to recognize
and document this phenomenon, attributed egg-
shell thinning to the chlorinated hydrocarbons.
. These reproductive abnormalities have been
duplicated experimentally in the American Kes-
trel (Porter and Wiemever, 1969), the Mallard
(Heath, Spann, and Kreitzer, lF?b“}}. and Black
Duck (Anas rubripes) (Longcore, Samson, and
Whittendale, 1971) by giving them low dietary
levels of (]I"L‘tlllllll'.‘hl[)]ll]( }wsticld(‘a The mode
of action of these chemicals on avian reproduc-
tion has been investigated (Peakall, 1969, 1970,
1971; Bitman, Cecil, and Fries, 1970), and the
effects of DDT on the structure and chemistry
of the eggshell are now being studied (McFar-
land, Garrett, and Nowell, 1971; Longcore et al.,
1971).

Experimental studies which indicate that
DDT delays ovulation in the Bengalese Finch
(Lonchura striata) (Jefferies, 1967) and also
in American Kestrels (Porter and Wiemeyer, un-
publ. data), suggest that this p]wm:-m( non may
have occurred in wild p{t({_‘nn(a as well. The
laving date of the first egg in 1952 at eyrie
number 7 (Tables 1 and 7) (29 April) was two
and one-half weeks later than in 1948 ( ‘lpprnx:-
mately 11-12 April), and a week later than in
1947 (about 21-22 April ). However, this may be
a rt’-ﬂmhem of the change in females that was
known to have taken p]au at the evrie in 1952,
or of an adjustment to a change in weather,
rather than to a ;)a-xti(-i(l('-inducvd de Ll}' in ovu-
lation.

Direct mortality of adult birds due to DDE-
poisoning cannot be discounted as a factor in the
decline of the peregrine, since Porter and Wie-
mever (1972) have demonstrated that dietary
levels of only 2.8 ppm (wet weight basis) p.p*-
DDE were lethal to § percent of male cap-
tive American Kestrels after one vear on dosage.
The effects were most pronounced during molt
and immediately following nesting scason—a pe-
riod when the fat evele of the kestrel was at its
lowest ]}umt The y have also shown ( Porter .uul
Wiemever, in pre p wration ) that kestrels dosed :
(0.2 ppm dieldrin; 1.4 ppm l)l)l
and high (0.84 ppm dieldrin; 4.7 ppm DDT)
levels of DDT and
dieldrin in combination are more susceptible to

both Tow
(wet weight basis) dosage

death following stress of weather than are
dosed kestrels.

ThO-
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Residues of Pesticides in Peregrine Prey Species
We will now consider the quantity of or-
ganochlorine p{'stludva in the tissues of some
nf the peregrine’s prey species in Utah, since
many of the principal prey of the peregrine are
L:mun to contain high levels of these chemicals.
Cade, White, and Haugh (1968), and Ender-
son and Berger (1968 ), for instance, determined
that DDT, DDD, DDE, and dieldrin were
present in greater quantities in the tissues of
migrant mndpipt 1s than in any other of the
peregrine’s prey spec ies in the Arctic, Some con-
tamvd DDE in their tissues in quantities of suf-
ficient magnitude to be cause for concern (see
Porter and Wiemeyer, 1969, and Wiemeyer and
Porter, 1970).

DDE is considered to be the most inimical
to avian reproduction of the metabolites of DDT.
Relatively high DDE residues were present in
the eggs “and in tissues of Short-billed Dowitch-
ers {Lunm:dmmm eriseus), Killdeer (Charad-
rius vociferus), American Avocets and Black-
necked Stilts in California ( Keith and Hunt,
1966). Surprisingly high residues of p.p-DDE
(expressed in average and extreme ppm, wet
weight basis) were found in the eges of Black-

necked Stilts (492, range 1.0-13.7), American
Avocets (4. ﬂ 1.5-12.0). and Franklin’s Gulls
(092, 0.5-2 2) collected at the Bear River marsh-

es in 1968 (unpubl. data, Denver Wildlife Re-
scarch Center). The whole body tissues of two
Lesser Yellowlegs ( Totanus flavipes) contained
on the average 1095 (range 5.1-16.8) ppm p.p-
DDE (wet weight basis): four Long-billed
Dowitchers ( Limnodromus scolopaceus), 13.25
(0.7-49.20); one avocet, 3.4; nine White-faced
Ibis (Plegadis chihi), 2.55 (0.1-6.5); and three
Marbled Godwits ( Limosa fedoa), 6.04 (0.15-
17.8). Dieldrin in the tissues of these birds
ranged from 0.1-0.86 ppm in the ibis, 0.2 ppm
in the Lesser Yellowlegs, 0.05-0.50 ppm  in
the godwits, and 0.68 ppm in the avocet. Many
of the DDE values are greater than the 2.8
ppm (wet basis) of DDE that caused eggshell
thinning  ( Wiemever and Porter, 1970) and
adult mortality (Porter and Wiemeyer, 1972)
in American Kestrels, Residues of PCB’s were
found in four of the dowitchers and two of the
vellowlegs. Thev averaged 3.75 ppm (1.5-10.0)
and 4.5 ppm ( 3.0-6.0). respectively.

Mosquitocide Usage in Utah
The chemical DDT was used as a mosquito-

cide in the marshes along the Great Salt Lake

as earlv as 1947 in Weber (Ogden Bay State
Waterfowl Management Area) (Benge and
Fronk. 1970) and Box Elder counties (K. L.

Josephson, pers. comm., i971) and on an experi-
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mental basis in Salt Lake County (Salt Lake
City Mosquito Abatement District) in 1945
(Graham and Rees, 1958). This chemical was
used at Ogden Bay until 1961, at which time
the use of parathion was initiated (Benge and
Fronk, op. cit.). Davis County prohab]v began
the use of DDT in 1951 or 1952, since mosquito
control was initiated there in 1951 (Stewart,
1954; Nielson, 1962). The quantities of DDT
used in the early years probably were not great,
since it was app]wd by means of foggers and
hand-operated sprayers. However , beginning in
1949, DDT was applied to the {‘xtc’ns;vc marshes
bordering the Great Salt Lake by means of air-
craft (for additional history of mosquitocide
usage in Utah, see Appendix. The utiliza-
tion of DDT increased with the use of air-
planes as a vehicle for application. It is inter-
esting to note that reproductive failure in the
peregrine was most pronounced in the vears
coincident with, and immediately following, the
initiation of aerial spraying, although this may
be an unrelated coincidence.

Between 1947 and 1961 many thousands of
pounds of DDT were deposited on agricultural
crops, and more importantly, directly on the

marshes and waters in the Great Salt Lake Valley

where nesting peregrines obtained much of their
food. The quantities applied by mosquito abate-
ment districts were greatest along the marshes
of the Great Salt Lake, where no peregrine
eyries are known to have been active after 1957,
and least in Utah County, where several pere-
grine eyries apparently remained active until
the late 1960s.

Data on the quantities of organochlorine in-

secticides used for agricultural purposes in the
area surrounding the Utah and Great Salt lakes
were ummlhhle to us, but chlorinated hydro-
carbon pesticides probably were used in ]dl,f_,(‘
quantities, judging from a recent survey of
pesticides in Utah (Warnick, 1971). However,
they were applied to farm crops, farm animals,
and buildings. and not directly on the marshes
where the pt']('“’r‘l]]{‘ obtained its food. Unfor-
tunately, little is known regarding the move-
ments of these chemicals from agricultural lands
to the marshes. y

Ve have no direct evidence linking these
chemicals with the sharp reduction in active
peregrine eyries along the Wasatch Mountains
during the critical years between 1945, when
the (he ‘micals were first used, and 1957. when
the species was last known to breed in the area.
Nor do we know the extent of the environmen-
tal contamination at that time by other chemicals
such as the polvchlorinated Enphcmls (PCBs).
We do not know the effects of PCBs on raptor
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reproduction, although some PCBs (1245) in
small dietary concentrations do not seem to
affect reproduction in Mallards, Pheasants ( Pha-
sianus colchicus) (Heath et al., 1972), and Ring
Doves (Streptopelia risoria) (Peakall, 1971)
the same way as does DDE.

We can only speculate regarding the resi-
dues of chlorinated l]}droc.ubons present in the
tissues of either the peregrine or its prey species
during the perlod of its decline in Utah. Most
of the pmeqrmvs prey spe cies were mlgratory in
nature. Thus, part of the insecticide residues
acquired by them were from areas other than
Utah and the Great Salt Lake valleys. We are
unable, therefore, to establish an absolute cause
and effect relationship between the quantities of
chlorinated hydrocarbons used and the decline
of the peregrine in Utah, although one is sug-
gested by the experimental, ecological, and be-
havioral evidence which we have presented.

Disease Hypothesis for Peregrine Decline

White (1963) referred to 27 cases of botu-
lism (Clostridium botulinum) in peregrines that
were found in the Great Salt Lake marshes be-
tween 1943 and 1958. Ralph B. Williams (pers.
comm., 1972) also found several affected pere-
grines on marshes around Utah Lake in the
mid-1940s. The disease was most prevalent be-
tween late July and early October, and it ap-
peared to affect adults more than young, and
females more than males. Botulism undoubted-
ly has taken its toll of peregrines during the
past several decades and perhaps, sporadically,
for many hundreds of years. Its effects, histori-
cally, on the local peregrine population cannot
be assessed because the fluctuations in numbers
of active peregrine eyries in Utah are not known.
We cannot evaluate the effects of botulism tox-
ins combined with those of pesticides, since
knowledge of the effects of 1}('strclde'~: on the
ﬂu‘-(‘t‘ptlhlht\ of birds to various diseases and
the interactions of botulism toxins with the
chlorinated hydrocarbons are poorly understood.
However, any mortality of adult birds due to
disease durmg, p(‘unds of reproductive failure
would tend to accelerate the decline.

Human Activity Factors in the
Decline of the Peregrine

A number of human activities, besides the
agricultural practices already mentioned, may
have adversely affected the peregrine in Utah,
particularly in combination with the inimical
effects of organochlorine p(‘.-;ti{'i(lvﬁ, botulism
poisoning, and changes in the climate. (See an
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earlier analysis by White (1969b) of the effect
of human pressures. )

The impact of nest robbing, which started
earlier in the century with egg collecting and
later in the century, starting about 1939, with
the utilization of the nestlings for falconry, are
difficult to evaluate, although there is no evi-
dence that these activities per se were respon-
sible for the sharp increase in abandoned eyries
in the state. Some peregrine eyries in lump(‘
were robbed of their young for many hundreds
of vears without .1pp<mnt lmrmtu] effects (Fi-

scher, 1967; Ratclitfe, 1969).
Photography at eyrie sites also may have

caused some birds to abandon their ey ries, al-
though to our knowledge only one nest in Utah
(Table 1, site 7) was harassed in this way and
the eyrie site was known to have been active
subsequently.

The reported collection of an adult falcon
from the Pelican Point eyrie (Table 1, site 3)
in 1935 (Bee and l[utthmgs 1942) apparently
had little impact on this evrie, since it was still
occupied as late as 1939 (notes of R. G. Bee).
The removal of the adults from eyrie site 4
(Table 1) in 1957 or 1958 by a falconer probably
hastened the abandonment of that eyrie by only
a few vears, since w hat seems to us tu have bc{‘n
the l)l'htl(:l(l{‘ syndrome was already in strong
evidence there.

The cliff at Pelican Point (site 3. Table 1,
Fig. 6) became a limestone quarry in recent
years and the evrie site was destroyed, as was
an eyrie site in southwestern Utah (site 37,
Table 1). Lower portions of the cliff near one
of the most inaccessible peregrine eyries in the
state (Table 1. site 8) were blasted away dur-
ing the 1960s. Some of the earlier observations
of peregrines in Utah were near this site. A bird
was noted there in 1969 (C. M. White ), but not
in 1971 (R. J. Erwin).

A recreation area, established after 1968,
situated below one eyrie in east-central Utah
(Table 1. site 28). When the eyrie was visited
in Mav 1971, several motoreyele clubs were us-
ing the area as a point of rendezvous and all
day and night the roar of motoreyeles echoed
through the canyon. Although fresh excreta
was seen along a ledge running adjacent to the
old evrie site, no falcons were seen in two (l'.l_\.‘\

FACTORS INFLUENCING PEREGRINE

fullyv understand the various fac-

tors involved in the distribution of the peregrine

To more

in Utah prior to its (';Il.‘i\l]'ill]]lil' decline, we have
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of observations. This eyrie had shown evidence
of the pesticide syndrome as early as 1961, how-
ever. The extent of the damage to the above
site 1s not known.

Depredation of the apt.cus by hunters is a
mortality factor which is fruqut,ntly overlooked.
Utah’s marshes, which in the past were fre-
quented by peregrines in the fall and winter,
have been used by increasingly greater numbers
of waterfow] hunters in recent years. This is es-
pecially true of areas around the Great Salt
Lake since the establishment of state and federal
waterfow] refuges between 1930 and the early
1940s. Often hunters kill raptors and other birds
indiscriminately. This could be a contributory
factor to the peregrine decline, since pcr('grlnes
frequenting the marshes during hunting season
probably were from local eyries. However, the
significance of dcpuddtmn h\' hunters is diffi-
cult to assess since the pm(,grmc' is noted for
its ability to withstand this type of persecution
and destructive treatment by man (Ferguson-
Lees, 1957; Cade, White, and Haugh, 196S; Rat-
cliffe, 1962, 1969).

In the past two decades, the construction of
human dwellings on the high foothills of the
Wasatch Mountains below certain eyrie sites
may have had an adverse affect on these eyries
(see White, 1969b), and the effects of the activi-
tiecs at a nearby rifle range on one such eyrie
also are unknown. One can only speculate what
the construction of homes near evrie sites will do
to these sites, since there is already a precedent
set for peregrines nesting above railroad tracks,
on bridges, and in heavily populated urban
centers {Ili(k(‘}‘ 1942 Olivier. 1953). The ex-
tent to which some Il](ll\l(hl:'il!s of the species
persist, despite the presence of human popula-
tions near their eyries, is illustrated by the pere-
evrie that tolerated for over a
century the activities of a village of two hundred
pmplu at the base of the eliff that housed the
falcon evrie | Hickey, 1942).

To sum up, l)n]]ulum x}mnl'in:,_ﬁ. nest
and habitat destruction. human disturbance, and
climatic changes have contributed singly and
jointlv to the near demise of the peregrine in
Utah. Of these, pollution and climatic change
appear to have played the dominant roles.

grines at one

site

IN UTAH

attempted to examine the impact on the species
of wvarious ecological tactors, both past and
prvsu'nt.
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Water, Food, and Nesting Sites as
Limiting Factors

Bond (1946) has reported that in the west-
ern United States the peregrine seldom nested
more than one half mile (0.8 km) from
water in which to bathe. Exceptions to Bond’s
(ibid.) observations are few. Gabrielson and
Jewett (1940), for example, tell of a pair that
nested in Oregon on an isolated rock far from

water (11 mi.; 17.7 km., Bond, 1946), and Thom-
as Ray (pers. comm.) located an active eyrie
far from water in arid western New Mexico.

The peregrine’s affinity for free water prob-
ably is associated more with its needs to bathe
and to obtain food than with its needs to drink.

Bartholomew and Cade (1963) point out that
the larger predatory birds obtain adequate quan-
tities of water from their food under most cir-
cumstances. They cited instances of several fal-
cons, including the peregrine, maintaining
weight for many months without free water.

Beebe (1960) concluded that because 11
of 13 young peregrines taken from nests in the

Pacific \m‘th\ust and raised in Denver died
of dehvdration, humidity rather than neamess of
free water was p{*rh.lpa a critical factor in brood
success in areas of the West other than the
Northwest Pacific coast. Since these nestlings
died despite having been supplied with drink-
ing water, Beebe (ibid.) hypothesized that pere-
grines were more or less restricted to nesting
sites near water because of high humidity rather
than the presence of free water.

An important question appears to be whether
or not the young mentioned by Beebe were ac-
climatized to the cool, humid climate of the
Northwest before being transferred to the arid
intermountain area. Nelson (pers. comm., 1971)
has suggested that these birds may have died
of nm]nutntmn rather than dehvdration. He
raised and trained one of them and encountered
no difficulty with dehvdration. Other nestling
peregrines from British Columbia and the Aleu-
tian Islands, similarly transferred to Utah, have
not been affected in this manner. Nestlings
taken from Utah eyries have not appeared to
suffer greatly from dehydration nor has there
been any evidence of moisture loss among voung
peregrines cared for in the nest by their pare nts.

This affinity for high humidit_\'. if it exists,
may be an inherited physiological characteristic
of the pealei race, which is less pronounced in
the peregrine populations of the arid Intermoun-
tain West (see also, White, 1968b, for further
documentation of this problem). Furthermore,
other populations of falcons, such as those of
the Shaheen. exist and breed in the deserts of
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the Middle East under the harshest conditions
known (Bartholomew and Cade, 1963).

Food availability appears to be a major cri-
terion influencing the distribution and abun-
dance of the peregrine in arid regions of the
West. Density and distribution of peregrine
populations in Utah appear to correlate best
with the abundance of the food supply. Pere-
grine populations are most dense in the area
surrounding the Utah and Great Salt lakes
where the preferred prey species, particularly
shorebirds and marshbirds, are most abundant.
Here, the marshes have historically supplied
tood for 10 to 20 eyries during a smg!c nesting
peuud Hunting areas for isolated pairs of pere-
grines elsmvlwro in the state were supplmd by
smaller, less extensive marshes or by narrow
tongues of streamside vegetation. Usually, iso-
lated pairs survived and reproduced where ade-
quate food was available.

Food availability apparently is an important
factor in the distribution and abundance of the
peregrine in more humid and mesic regions as
well as in arid regions. Beebe (1960) has at-
tributed an unusually high breeding density of
peregrines in British Columbia to the extremely
high concentrations of four or five species of
colonial seabirds occurring there. These small
pelagic birds apparently were especially suited
as prey species for the peregrine.

Ratcliffe (1962) considered the geographic
variation of food supply as the most obvious
factor associated with population density of
the peregrine in Great Britain. He has correlated
size of territory and density of peregrine p{;-puh-
tions in Britain with the nature of the food
supply.

The same factor generally appeared to be
<1pt'1.1t1\v in Utah, although peregrine density
in the Great Salt Lake Valley of Utah pmh’lb]\
was not limited by the size of the prey popula-
tions. However, the species may be limited by
the distance (up to 17 mi, 27 4 km; Table 4)
it must fly to reach the 1n;n's'h<'_a where it obtains
its preferred prey species.

Peregrines mayv select easily accessible nest-
ing sites in areas containing an abundance of
suitable prey species, as occurs in the Queen
Charlotte Islands ( Beebe, 1960). Such sites are
seldom utilized in areas containing less favorable
food supplies. This is illustrated in Utah by the
occurrcnce of the ground-nesting peregrines at
Ogden Bav

Hickev (1942, 1969) considered the cliff on
which peregrines nest as the dominant feature of
their (‘(':)]{I‘_{]( al niche. He HH‘mdt!((l extremely
high cliffs as “ecological magnets” which at-
tract peregrines regardless of mnesting success.
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Cade (1960), on the other hand, has argued
that t]w ability of the p.u: to breed effectively
is a result of a strong pair bond, and that the
strength of the bond is a more important con-
sideration than the size of the cliff. He argued
that the pair bond would be dissolved and that
the eyrie would become inactive indefinitely if
both the male and female dis‘uppvurcd from the

eyrie. Ratcliffe (Hickey, 1969). in support of
Hickey (1942, 1969), has cited examples  of

several eyrie sites which were consistently reoc-
cupied full[)\nm_, the deaths of both adults. This
also has been noted in the Arctic by White (un-
publ. data). (See Fischer, 1967 for additional
documentation. )

In Utah, selection of eyrie sites by pere-
grines is associated with the availability of suit-
able sites near a readily available 'iuppl\ of
pl't'f{‘[r( d prey species. The preterred prey spe-
cies usually are closely associated with a marsh
or stream. These two factors combined, then,
constitute the most importnnt aspect of the pere-
grine’s nesting economy in the state.

lntcrspccific Competition During
Nesting Season

Cade (1960) has discussed competition be-
tween the peregrine and the Gyrfalcon (Falco
rusticolus). White and Cade (1971) have dis-
cussed competition among .«t\(ml species  of
raptorial birds in the Arctic, and White (1968b)
has discussed this problem as concerns peregrine
distribution and its relation to large congeners
over broad distributional areas. These papers
give a valuable basis for the evaluation of the
competition between the peregrine and other
raptors whose range and habitat in Utah are
sympatric. In our discussion of interspecific
competition, we prt‘li'r the more restricted defi-
nition of the term “interspecific competition”
as given by Birch (1957) and as discussed by
Cade (1960). That is, competition results when
more than one 51)1'{1(':; requires a resource that
is in short supply.

Competition for food and/or n(shl]g sites
between the peregrine : and other species of rap-
tors, particularly the Prairiec Falcon and the
Golden Eagle, may be factors (-nntrihuiillg to the
relative paucity of peregrines in the arid Inter-
mountain West.

Where relatively abundant, the Golden Eagle
mav be a compe titive factor limiting the (l(‘lﬂit}'
of the peregrine in the more arid regions of
Utah. Bond (1946) has watched the [‘ltli"flllll'
strike at Golden Eagles Luld R. Js Erwin and J.
I, Poorman (1:||p11h1, notes) have made a simi-
lar observation in Utah. Dixon (1937) tells of

one instance when a pair of Golden Eagles in
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California usurped a cliff that had been occupied
by peregrines for years. The eagles persistently
outfought the peregrines, forcing them to leave.
Cade (1960) found that the peregrine was quick-
er and more persistent in its attacks on Golden
Eagles than on any other raptor discussed. Rat-
cliffe (1962, 1963) reported that in many dis-
tricts in Scotland, where there is a surp]u*: of
suitable cliffs, the density of Golden Imgles is
high while the densities of the peregrine and
the Common Raven (Corvus corax) are low. In
these situations apparently the eagle replaced
the peregrine as the chief nesting predator in the
Scottish Highlands.

In Utah, peregrines and eagles were found
nesting concurrently on the same set of cliffs
only once. The e: 1gIes nested one mile (1.6 km)
(Morlan Nelson, pers. comm., 1971) from ac-
tive peregrine and Prairie Falcon eyries (see
Nelson, 1969), but on the opposite side of the
mountain (north). The {nt"lv .lpp.‘l]{t'lﬂ\' fnraged
northwardly, while the peregrines foraged south-
wardly. No aggression was noted h(tuc[‘n the
cagles and the falcons (Nelson, pers. comm.). A
Lllif fmmuf\' occupied by peregrines in Utah
(site 15, Table 1) contained an active Golden
Eagle’s nest in the spring of 1971, and the pres-
cnce of two old l't"l(‘ nests (R, Erwin) sug-
gests a long period of occupancy b\ the t.lglf's
The clitf also had been occupied by as many as
three pairs of Prairie Falcons simultaneously
during some of the intervening vears (Nelson,
pers. comm., 1971).

The food habits of the eagle and peregrine
are sufficiently diverse in Utah so as to negate
a strong mmpvhtmn for food. Additionally, the
cagle seems to attain its greatest abundance in
llw more arid regions of the state, where it more
]ikl‘]\' would compete with the Prairie Falcon
for m-wtmt7 sites than with the pvug_‘rmv al-
though the abundance of ¢ agles in the deserts
of Ltlh may be one of the reasons why the
peregrine seldom occurs there. This latter postu-
lation, however, appears unlikely because of an
absence of the food niche preferred by the
peregrine.

The Common Raven has been shown by
White and Cade (1971) to compete rather ex-
tensively with Gyrfalcons for nest sites in the
Arctic, 't]]tmgh it scems to have only limited
competitive effect on Arctic peregrines using
the same clitfs. In Utah, where the raven is com-
mon, only three clitfs with peregrines were
known to house ravens. Like l]]t' situation in the
Arctic. ravens probably had “no” etfect on Utah
peregrines, although Porter observed peregrines
at site number 4 pursuing ravens on 8 April
1951, Ravens mav, however. have a considerable
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modifying etfect on Prairie Falcons, as will be
discussed in a later section. (See also Ratcliffe,
1962, for a consideration of raven-peregrine in-
teraction in Great Britain. )

The Prairie Falcon (Fig. 39), on the other
hand, is more closely related phylogenetically,
is more similar in size, and is more equivalent
in ecological function to the peregrine. than is
cither the eagle or raven. Hence, it likely would
be a more serious competitor of the peregrine
and it probably would be a more 1mp0rt.mt
factor hmltmg peregrine popuh‘ztmm in areas
of sympatry.

The Prairie Falcon is a true desert falcon.
It undoubtedly evolved in the arid West, and
therefore is prub'lhh' better adapted than is the
peregrine for Utah’s arid environment. The Pere-
grine Falcon is separated from the Prairie Falcon
and the Gyrfalcon at the subgeneric level. The
two ';pec‘f:s' are of similar size, although the
peregrine is somewhat heavier than the Prairie
Falcon (See Table 9 and Webster, in Beebe and
Webster, 1964 ).

The peregrine, which is nearly cosmopolitan
in its geographic distribution, has a breeding
range which completely overlaps that of the
Prairie Falcon geographically but not ecologi-
cally. The Prairie Falcon breeds from central
British Columbia, southern Alberta, southern
Saskatchewan, and North Dakota, south to Baja
California, and northern Mexico (See AOU
Checklist of N. Am. Birds, 1957). The pere-
grine is most abundant north of its zone of sym-
[mtr_v with the Prairie Falcon.

According to Bond (1946), the Prairie Fal-
con may be quite common up to 6,000 or 7,000
feet (1.529 or 2,134 m) in suitable localities lmd
at elevations where trained Prairie Falcons, with
their much greater surface to weight ratio, clear-
ly outfly trained peregrines, which are their su-
periors at sea level. Morlan Nelson ( pers. comm.
1971), who has tested Bond’s (1946) hypothesis
on several occasions with captive falcons, con-
siders that it is more a matter of individual varia-
tion within both species than it is a factor of

Table 9. Weights (in grams) of Peregrine Falcons and
Species s
and MALES
Pupu]dtmn n %
PEREGRINE FALCONS
( White, 1968a & b)
F. p. tundrius' 12 610.9
F. p. anatum® 5 675.0
PRAIRIE FALCONS'
( Enderson, 1964 ) 15 554.0

IWeights are from adult birds
*From population in western United States
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elevation.

Actual contact between the two spccics oc-
curs where their ecological niches overlap. To
our knowledgu there is no locality in Utah
where pereﬂnm'x nest which is not also inhabited
by Prairie Falcons, but not the reverse. The
pcu'gum's‘ pmt.,ll\ltv to nest near water or
marshes where both its food and nesting re-
quirements are met is not shared by the more
curyecious Prairie Falcon which may fulfill these
requirements both near water and in the desert
many miles from water,

As discussed pre\mubl\ the several pere-
grine eyries found in the deserts of Utah were
situated within easy access of marshes, desert
springs, ponds, streams, or rivers. Perhaps this
reflects the differences in hunting methods and
food habits of the two species, as well as the
proclivity of the peregrine to bathe in water as
discussed by Bond (1946) and Cade (1960).
Both species can be dust bathers in cuptivit}’
(Nelson, pers. comm.), although the Prairie
Falcon is less dependent on water than is the
Peregrine “alcon.

Some Factors Modifying Competition
and Success

Before examining the kinds of competition
that may affect Utah peregrines, a general dis-
cussion is in order. There are many ways that
falcons can exploit their respective environments.
Their success, that is, the total number of
young that become breeding adults in the next
generation, depends upon the effectiveness of
this exploitation.

Frequently ecologists use the terms “gen-
eralist” and “specialist” to describe a species in
terms of the manner in which it utilizes certain
resources. Most frequently this pertains to the
manner in which the food habitat niche is
txplt}ite‘d or to the modes of hunting certain
species of prey.

Although the specialist has a narrower habi-
tat tolerance, it usually compensates by being
more umlpvhhu- (see, for :x.unp]c, Cade,

Prairie Falcons from various North American populations.

FEMALES

range n X range
550-647 19 952.0 825-1,094
675-682 5 1.038.0 870-1.201
500-635 31 863.0 760-975



1960). When the optimal requirements for the
specialist are present, it tends to capitalize on
or “monopolize” the resources or conditions
to receive maximum benefit, often to the ex-
clusion of the generalist or other specialists. It
is the existence of a specific or optimal set of
conditions that allows the specialist to be suc-
cessful. The generalist might also successfully
exploit the pre cise conditions. However, because
of mmpvtltmn with the specialist, it may alter
the manner in which it uses the conditions by
partitioning the resource, or it may be forced
into suboptimal conditions because of the domi-
nance of the specialist. In the absence of the
specialist, the generalist obtains even greater
benefit by the use of the specific combination
of resources or conditions that the specialist
would have used.

The generalist tends to be more widespread
g_,t-uu.lplm ally and often more common than
the xp('(‘mhxt Moreover, when two closelv re-
lated species with xmnlar ecological niches oc-
cupy the same g_,c'n;mp]n(- area, one tends to
assume the role of the “specialist” and the other
the role of the “generalist.” depending upon
their individual n('(’da Gyvrfalcons, for instance,
are specialists on the Arctic Slope of Alaska,
where thev have spe cific nesting requirements
and where they specialize on ptarmigan for food,
while the sv mpatn(' peregrine is the generalist,
having rather broad requirements for nesting
and feeding (White and Cade, 1971). The
Gyrfalcon seemingly has the advantage and ap-
pears to outcompete the peregrine for certain
resources. However, because the peregrine is a
generalist, it has less precise requirements and
therefore is able to occur over a much broader
geographic range in Alaska, such as the taiga
regions. Then, too, it is probably more numer-
ous when considering its entire range.

Even though the peregrine is probably a
generalist over much of its cosmopolitan range,
it becomes a specialist in the Aleutian Islands,
where it has a narrower food niche consisting
mostly of marine birds of the family Alcididae
and of the order Procellariiformes. Thus, the
role of the species is modified by the conditions
in a given locality.

Prairie Falcons have been thought of as spe-
cialists because they are able to exploit very
arid climates where a limited number of food
species are present, Thev often occur where
:}l}u: large falcons are unable to survive. Be-

ause they are able to concentrate on the prey
species most available, Prairie Falcons mav have
v rather highly specialized f:md niche, t‘\ptllll
ly in the more arid regions where a limited
number of food species oceur. Their ability to
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“specialize” on what is available enables them
to live successfully in a wide varietv of eco-
logical situations. A

If one considers the Prairie Falcon's entire
geographic and ecological range, it is narrowly
selective in its exploitation of the climatic condi-
tions available to it (i.e. a near obligate of xeric
conditions ), but it is broadly selective in its ex-
plnitdtic:n of tood and nesting sites. Additionally,
where the geographic ranges of the two species
n\'c-r|;lp. Prairie Falcons are much more common
than are peregrines. Because of the Prairie Fal-
con’s seemingly narrow climatic tolerance dur-
ing the breeding season, climate may be a major
factor limiting its geographic distribution.

Peregrines, unlike prairies, are broadly selec-
tive in thcn exploitation of climatic conditions
over their entire gmg_gaphw range. However,
they are narrowly selective in their exploitation
of food and nesting sites in the arid West where
they must compete with the sympatric Prairie
Falcon. Moreover, they are much less common
than are Prairie Falcons, where the ranges of the
two species are sympatric. Their ‘ip(‘Ci'ﬂi?C’d
tood requirements (generally “water-type” birds)
and restrictive methods of capturing prey (not
prone to capture prey on the ground), are the
major factors limiting the ¢ *\:p'm‘;iun of their
geographic and vcn]nlm.l] ranges in Utah and
probably elsewhere in t]u' arid West.

The presence of surface water in the arid
West may dramatically alter the environment.
For certain species it may even act as a limiting
factor. Water creates a food niche which ap-
parently is nl)tnnll for the plutrnm- prov iding
an abundance of aquatic birds in these local-
ized arcas. Hence, the peregrine does better in
the presence of surtace water. This is especi ally
evident at the margin of the species’ ecological
range in the arid parts of Utah. With the pres-
ence of these “oases”™ of aquatic habitat in an
otherwise lltu'.‘u]')lﬁih!.blv environment, the pere-
arinc assumes the role of specialist; and, where
the pvrmfi'im- and prairie occur together in Utah,
the prairie seemingly assumes the role of the
“generalist.” The broad spectrum of food, habi-
tat, and nesting sites which the prairie st-it‘(‘ts
overlaps and surpasses the requirements of the
peregrine. The requirements of the peregrine are
more limited and restrictive, vet it may do bet-
ter competitively than its congener when the
optimal conditions prevail.

Competition with the Prairie IFalcon for Food

Where the two species occur tog_(t‘t}l(-l' ;1lnng
the escarpment of the Wasatch Mountains and
adjacent to the Great Salt Lake, their food ap-
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pears to be quite similar (Table 5), although
there are some marked differences. In this re-
gion of joint occupancy, the Prairie Falcon uti-
h?('.s a much wider variety of vertebrate sp{'cu".
than does the pmc‘grmo As illustrated in Table 5,
the Prairie Falcon is more prone to feed on ro-
dents and on ground-dwelling birds, such as
quail, pheasants, meadowlarks, and passerine
birds in general, and is less inclined to feed on
pigeons, doves, and flickers than is the pere-
grine (also see Bond, 1936a, b, and c).

Prairiec Falcons also feed on reptiles. For in-
stance, at one Prairie Falcon eyrie in the Great
Basin, not far from a peregrine eyrie, adults
were observed carrying large whiptail lizards
(Cnemidophorus sp.) to the eyrie.

The Prairie Falcon exploits a different food
resource in the allopatric parts of its geographic
range than in those that are sympatric with the
peregrine, A case in point is the high plateau
country of Utah NNW of the Uinta Mountains
(6,800 feet elevation; 2,073 m) where only the
Prairie Falcon occurs, although one would expect
peregrines also to occupy the habitat. Food
items taken from several nests between 1961
and 1964 in this region of allopatry consisted
of 61 percent mammals, about 90 percent of
which was the Uintah Ground Squirrel (Citellus
armatus), although another species of ground
squnwl, a (hlpillll]]l\ ( Eutamias sp.), and a vole
( Microtus sp.) also occurred. Birds made up
the remaining 39 pucvnt with Mourning Doves
being the princ ipal avian food, though the Brew-
er's thkhn‘(l (Euphagus cyanocephalus), Flick-
ers (Colaptes sp.), Horned Larks, Starling ( Stur-
nus vulgaris), and the Mountain Bluvlmd (‘hahu
currucoides) also occurred. Thus, about 75 per-
cent of the total food was made up of two spe-
cies. one mammal and one bird. In this case, and
those cited by Enderson (1964), with an ab-
sence of per (*trmw in both ln(ahttm the Prairie
Falcon tended to fill the role of a “specialist” in
food habits; and to a large extent the species
was mammivorous (mammal-eating). (See
Bond, 1936b). The avivorous (bird-eating)
peregrine, on the other hand, consumes few
mammals and fewer, if any, reptiles.

Ground-nesting birds and rodents are im-
portant items in the diet of the Prairie Falcon in
areas other than Utah. For example, Enderson
(1964) found remains of the ground-nesting
Homed Lark and of the Richardson’s ﬂmund
squirrel (Citellus richardsonii) most often, and
sometimes exclusively, in the nests of Prairie
Falcons in eastern W voming and Colorado. Og-
den (1971) considered the Townsend’s ground
squirrel ( Citellus townsendi) to be the most
important food species, followed by Homed
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Larks, Meadowlarks, and whiptail lizards in
Prairie Falcon eyries along the Snake River of
southwestern Idaho. The antelope  ground
squirrel (Citellus leucurus) was also prvscﬁt, but
in smaller numbers.

The Horned Lark was also a staple item in the
winter diet of Prairie Falcons in Utah and in the
pm:rws of Wyoming, Colorado, and New Mex-
ico, where it influences the falcon’s seasonal
movements and distribution (Enderson, 1964).

An overlap in the food niches of the pere-
grine and Prairie Falcon is evident in the area
along the Wasatch Mountains (Table 5). In
terms of biomass, aquatic birds comprised the
largest category of prey species in the Wasatch
Mountain eyries of both HP[(I{'H but they were
much more prvdnmm mt in the eyries ‘of the
peregrine than in those of the Prairie Falcon.

The avocet was the major aquatic species in
the eyries of both falcons (see Frontispiece and
Fig. 39). The importance of the avocet as a
prey species of the Prairie Falcon was apparent
also at two evries in the Great Basin, northwest
of Great Salt Lake, where the adult Prairie
Falcons brought avocets and Antelope Ground
‘s(;uur(ln to their voung almost exclusively in
1962 (C. M. White, tmpubl data) and commonly
in 1969 {P'tltt. 1971). This. however, was in the
apparent absence of competition with the pere-
grine.

The presence of the avocet in the diets of
both species is probably a reflection of the local
abundance of this shorebird and the ease with
which it may be captured. The avocet likely
did not represent a resource in short aupp]\ and
undoubtedly was an important item in the diet
of the peregrine long before the first white
settlers arrived in the western United States.
In 1871 Allen (1872) found it very abundant
along the shores of Great Salt Lake, where he
noted flocks containing several thousand indi-
viduals from 1 Se pllmhe: to 8 October, and a
quarter of a century earlier (4 April 1850),
Stansbury (1852) observed innumerable flocks
of |f1-n¢f ]-"fg( Jal ])ln\: rs. many of which ])lnhdl)]\
were avocets, Willets, and stilts. The
predated white man in the Great Salt Lake
area by many thousands of vears, as evidenced
by its presence among the bird remains dating
back ne: arly 8,500 years B.P. in the early strata
of Hogup Cave, just north of the Great Salt
Lake (Harper and Alder, press).

The White-faced Ibis additional
marshbird upon which both species of falcons
apparently preyed. Weller ot al. (1935) indi-

cated that the peregrine killed White-faced Ibis
in the Knudson near Brigham City,

avocet

Was il

marshes
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and R. D. Porter (unpubl. data) observed
Prairie Falcon feeding on an ibis at the Bear
River marshes on 5 June 1951. Since the ibis
was not found in the eyries of either species,
it was probably too heavy for the falcons to
carry to their eyries. The weight of an adult
female ibis as determined by Porter et al.
(unpubl. ms) is 517 grams, whereas the weights
of two adult female avocets average 281
grams.

In Prairie Falcon eyries u]ong the Wasatch
Mountains, shorebirds, passerines, rodents, and
gallinaceous birds were nearly equally repre-
sented; whereas in the eyries of the peregrine,
shorebirds predominated and gallinaceous birds
and rodents were absent (Table 5). The ducks
present in the eyries of the Prairie Falcon (Table
5) were about half grown and probably inca-

Fig. 39. Prairie Faleon feeding its voung a downy
Photo by R. |. Erwin and R. D. Porter, 1948.

avocet
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pable of tlight. Hence, they probably were either
captured on the water or on the ground and
were sufficiently light in weight that they could
be carried by the falcons.

We have no data for comparison of the food
habits of the peregrines nesting in the desert
(Table 6) with those of desert-nesting Prairie
Falcons in the same region. A comparison of
this kind is needed to fullv evaluate the compe-
tition for food by the two species. Cade (1960)
found that the uver]ap in food species of the
peregrine and Gyrfalcon were least in the areas
of contact and g,redtect in areas where ranges
were not sympatric. A comparison of this kind
between the peregrine and Prairie Falcon would
be difficult to make, since in Utah the Prairie
Falcon occurs in the same geographic area as
the peregrine. Nevertheless, one would expect

P

{ peregrine site 7. alt. prairie site 2,

see Fig. 26).
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less rather than more overlap in food habits in
areas of d]]t)pdll‘\‘ than in areas of contact. The
isolated peregrine’s eyrie in Oregon, which was
situated far from water (Gabrielson and Jewett,
1940), contained birds usually preyed upon by
Prairic Falcons, and an adult peregrine at an
eyrie in Zion Cam on was observed by Grater to
carry a squirrel into a crag (\Vundburv et al,

unpuhl ms).

In Utah, then, the Prairie Falcon has a wider
versatility in taking prey species than does the
peregrine, which would seem to lessen the com-
petition between the two species for food.
Hence the role played by the Prairie Falcon in
Utah is similar to that of the peregrine in the
Arctic (Cade, 1960; White and Cade, 1971), and
that played by the eregrme in Utah is similar
to that of the C\ rf‘ﬂum in the Arctic.

According to White and Cade (1971), there is
no evidence to suggest that density of breeding
peregrines is influenced in any way by availa-
bility of food in the Colville valley of Alaska.
This generally is not Jpphmblc to the peregrine
in Utah, but in the region surrounding the
Great Salt Lake it is difficult to surmise how the
density of the peregrine could have been limited
by availability of food, considering the super-
abundance of prey species in the Great Salt Lake
marshes. Nevertheless, extensive distances from
eyrie sites (Table 4) to hunting sites in the
marsh may have limited their density.

Competition with the Prairie Falcon for
Eyrie Sites

Directional Exposure Preferences

In Utah the peregrine’s preference for cliffs
with northerly or easterly exposures (Fig. 16)
would tend to lessen the r,nmpetttmn for nest-
ing sites between it and the Prairie Falcon if the
Prairie Falcon had a prt‘f{'rmm' for south-facing
cliffs similar to that reported for Colorado and
Wyoming by Enderson (1964). We investigated
this h\p{}thests by examining the dire ctional fac-
ing of the 49 eyrie sites of the Prairiec Falcon in
Utah for which we had available data. As shown
in Figure 16, 69.4 percent of these evries faced
south and west and 30.6 percent faced north and
east. This r-;lltmmh;p was statisticallv swmf]-
cant at p<0.01 (X® test; calculated X~ value, 7.37,
1 df). Converselv, 70.4 percent of 27 peregrine
evries in Utah fu(*(! north and east and 29.6 per-
cent faced south and west, and this relationship
was significant at p<0.05 (X test; calculated X*
value, 4.48: 1 df).

When the two species nested in close juxta-
position on the same set of cliffs. as at site 7 in
the Wasatch Mountains. the Prairie Falcon
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seemingly selected the sites more exposed to the
afternoon sun (west- Llunﬂ sites) than did the
peregrine (see History of Ne sting at a Wasatch
Mountain Eyrie, Table 7 and Fi ig. 26). As a gen-
eral rule, the Prairie Falcon eyries on the escarp-
ment of the Wasatch Mountains were situated
directly on the west face, whereas those of the
peregrine, as discussed previously, usually were
on cliffs in the side canyons with nurther]\ or
easterly exposures. For example, three of the
Prairie Falcon eyries were situate ] on west-fac-
ing cliffs (see Figs. 26 and 39-42). At each of
these sites, peregrines had been seen in the side
canyomns, although not Lll\\.ns Lnnu:rr(‘ntl} with
the nesting of the Prairie Falcon (sites 7, 8, and
16, Table l]l. In 1943, a Prairie Falcon nested in
one of the canvons (near peregrine site 16, Table
1), but at a west-facing site in an easily accessi-
ble Red-tailed Hawk's nest.

Morlan Nelson (pers. comm., 1971) noted a
similar orientation between the evries of the two
species at the Ul site in northern Utah (site 11,
Table 1), where he observed the two ‘ii}(‘(.‘i("i in
aerial combat (Nelson, 1969). The peregrine eyrie
was on a ledge facing east and the Prairie Fal-
con eyrie was in a pnthulv (cave-like recess) in
the side of the west-facing cliff, less than half a
mile away (1,320 ft; 402 m; Nelson, pers. comm.,
1971). Potholes probably provide greater pro-
tection from the hot afternoon rayvs of the sun
than do exposed ledges.

These data suggest that both species may se-
lect eyrie sites on the basis of directional expo-
sure to the sun, and that such a preference by
these two spvcws tends to lessen u:-mpchtmn be-
tween them for eyrie sites. Nevertheless, this
phenomenon needs further investigation, bhoth
in Utah and elsewhere, since some studies sug-
gest that the Prairie FFalcon in some parts of its
range selects evrie sites on the basis of availabil-
ity of suitable (‘Iiff# rather than directional fac-
ing. For example, Leedy (1972) investigated the
directional fl(.mlf of 49 Prairie Falcon eyries in
Montana during 1970 and 1971 and (nmpdr{*d
them. with the directional fac ing of the available
cliffs. He found that 72 puu-nt of the evries
faced south (33 percent) or east (39 prrunt} 8
percent fdud north, and 20 percent faced west.
Of the 45 available cliffs in Leedy’s study area,
71 pt-runt faced south (31 percent) or east (40
percent), 7 percent faced north, and 22 percent
faced west—a near duplication of the directional
facing of the eyrie sites. Similarly, Tyler (1923)
re Pmtm! that most Prairie Falcon eyries exam-
ined by him in southern California he ad northern
exposures because in the region where he made
ends of the ridges

his observations the north
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broke off .1]:111pt|\ into cliffs that faced north.
Nevertheless, a few of his eyries were on west-
facing cliffs; one was on an v;lst-hwm}_{ cliff: and
none were on south-facing cliffs.

Height Preference for Cliffs and Eyrie Sites

The Prairie Falcon in Utah may use nesting
sites of a qua]:t\ inferior to those normally used
by the peregrine in Utah. Judging from Bond’s
(1946) observations, this may be tvpical of the
behavior of the two species wherever their geo-
graphic ranges overlap.

Three of nine Prairie Falcon eyries found in
Utah by Porter and Erwin between 1950 and
1952 were at locations that were easily accessible
to both humans and mammalian predators. Two
were situated in potholes, one of which was lo-
cated only 30 inches (76.2 cm) from the base of
a small sandstone cliff and the other was only
36 inches (91.4 ¢m) from the base and 48 inches
(121.9 cm) from the top of an outcropping of
limestone. A third mm- was located in 1943 by
R. L. Porter and J. F. Poorman in an old Red-
tailed Hawk’s nest that was situated on a small
pinmacle of rock which required no climbing to
reach. One found in 1958 by F. Welch and G. L.
Richards was on a large rock about 15 feet (5 m)
above the ground and 6 feet (2 m) below the top
of the rock. Tt probably could have been reached
by a good climber without the aid of a rope. In
southwestern Utah the Prairie Falcon has nested
in a stick nest in the top ot a 20-toot (6 m) juni-
per tree (Juniperus sp. ) (Williams and Matteson,
1948).

In Utah peregrine eyries were a greater dis-
tance from the base of the cliffs, on the average,
than were those of the Prairie Falcon., They were
on higher cliffs, on the average, and they were
on relativelv more inaccessible ledges than were
the evries of their congener (Table 3). Moreover,

the peregrine eyries averaged a greater distance
below the brink of the cliff {\ 65.6 ft, 21 1

range, 25-250 ft, 8-76 m: n 3) than did l]](m('
of the Prairie q1]:\~m| (x :3."}.3 ft, 7.7 m; range,
1—175 ft, 1-533 m: 41).

The average ht ight of the Prairie Falcon ey-
rics in Utah (64 ft; 20 m) was greater than that
recorded by Enderson (1964) in Colorado and
Wyoming (34.7 ft; 11.1 m), and less than that re-
ported In Leedy (1972) in Montana (80 ft; 24.4
m). The average clitf height of 101.7 feet (31 m)

for the Prairie Falcon in Utah is nearly twice
that recorded by Enderson (1964) for this kF‘n‘rit-x
in Colorado and Wvoming, and about 25 feet
7.6 m) less than that recorded by Leedy (1972)
in Montana. Table 3 ‘.'-'llil’.‘]'l{'lllllllill'i'\;1I!l;lll‘it_:]tlx
of cliffs and evrie sites of the Praivie Falcon with
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those of the peregrine, illustrates the difference
in height preterences between the two species.

The more m: wrginal sites, including those on
the smaller or more : 1(‘('{‘%*.1[)](* cliffs at sites such
as 1, 3. 11, and 20 (Table 1 prolnhl\ were aban-
dnn{‘d by the peregrine .ll'her in the century.
Both their sizes and locations made them mar-
ginal sites. Several investigators (Hickey, 1942;
Ratcliffe, 1962) have indicated that the m'lrynal
sites were the first to become inactive following
the advent of early settlers.

Eyrie Type Preferences
The Prairic Falcon uses a wider variety of
nesting situations than does the peregrine (see
Figs. 39- 4:-]' For ex: unplv m‘u]\' half (45.8 per-
*vnt_} of 72 Prairie Falcon nvstmtr sites in Utah

were in p(:thcllcs and crevices (Figs. 42-44) in the
face of a cliff, whereas onlv a third of them (31.9
percent) were on an open ledge of a cliff (Fig.
39). An additional third of the evries were in the

e ]
F J._f:;?.f ¥
NG ) F e k4
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Fig. 40. The Prairiec Falcon eyrie that was situated on

an old Common Raven’s (Corvus corax) nest and
reclaimed by the raven. Note the ac-
cumulation of fecal material and detritus suggest-
ing that the eyrie had been used by the falcons for
a |n||tf [hnrnl of time Levrie site fltl\ southwest ).
Photo by R. D. Porter, 1951.

was  later
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Fig. 41.
in Fig. 40).

Raven’s nest built upon prairie eyrie (shown

Photo by R. D. Porter, 1951.
nests of other ‘-;Pt‘(‘if."% of raptors and Common
Ravens, which suggests that these species may
be beneficial to the Prairie Falcon by prov :dmﬁ_,
additional nesting sites. Table 10 &,w(‘s the kind
of nesting situations used by Prairie Falcons in
Utah.

Sometimes these competitors may preempt
their old nests from the Prairie Falcon. An oc-

Table 10. Percentage use of various categories of eyrie

sites by Prairie Falcons in Utah (see photos by
Wolfe, 1928)°
Kind
of Usage of eyrie types
Site n Percent
Potholes® 26 36.1
Open cliff ledges 23 31.9
Crevices T 9.7
Stick nests 16 23 9
Red-tailed Hawk's
on cliff face 7 9.7
Common Raven’s
on cliff tace’ 5 6.9
Tree nests 2 2.8
Golden Eagle's
on cliff face 1 1.4
I 'nln;:lc]\\'n }-l‘il.'[.'j.l“‘
of hawk 1 1.4
Totals 72 99.9
From unpublished data of aunthors, fieldnotes of R, G. Bee, A
B. Bovle, .nus R. J. Erwin, and from ormithological Diterature for
the state
Five or 6.9 percenmt of the eyries were in old ravens' nests lo
cated within potholes
ncluding the five that were in old ravens' nests within pot

holes, a total of 10 or 13.8 percent were in old ravens’ nests

Farcon ixy Uran 57

currence of this kind took place at an eyrie in
Weber County observed by Porter and Erwin.
The falcons were using an old raven’s nest which
.11)]111'( ntly had been occupied for many years
by falcons, since it was almost entirely buried
in excrement (Fig. 40). Without the old raven’s
nest as a base, a falcon’s eyrie would have been
impossible. When first located on 5 ]1111{4 1950,
five fully grown young were present in the nest.
The hrlltmm{__ year the eyrie contained three
fresh eggs on 7 April. W hen it was next visited
on 8 M: 1v, a raven flushed from the eyrie site,
exposing six raven eggs in a newly constructed
stick nest over the old prairie eyrie (Fu_, 41). The
whereabouts of the previous tenants was not de-
termined.

I"{‘n'g]'ines upp;u'c]ll]_\' were more restrictive
in the selection of their eyrie sites. They used
predominantly open ledges or shelves which usu-
ally were under an overhung portion of the clitf
(See Figs. 26-38). Only two Utah eyries, to our
know ]{'dg[' were situated in pnthn]es on the sides
of cliffs [sites 4 (alternate) and 23, Table 1 (See
Fig. 44]1. We have no evidence t:l' a beneficial
relationship between the peregrine and other
cliff-nesting species similar to that previously
discussed for the Prairvie Falcon.

Both species of falcon apparently prefer to
nest under overhangs. Although our data on the

Fig. 42. Prairie Falcon eyrie in crevice on face of west-
tacing r|iH, Peregrines nested up side canyon (site
8 Table 1). Much of the wood in the crevice was

carried t}u re by wood rats (Neotoma sp.). Photo

by R. ID. Porter, 1951.
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Fig. 43.

this cliff may also have been used historically by peregrines. Photo by R. ].

Prairie Falcon are imcomplete in this regard, all
but one of 36 Prairie Falcon evries in Colorado
and Wyoming reported by Enderson (1964) were
directlv overhung by a portion of the cliff

Size Preference for Nesting Area

The Prairiec Falcon appears to be less selec-
tive than the peregrine in the size of its nesting
or egg-laying area. White (unpubl. data), for in-
stance, observed a Prairie Faleon nesting in a
pothole that was apparently too small for a large
family of voung because, before the voung had
fledged, all but one were forced from the eyrie
o an untimely death on the talus below '_|“I'E{.\.

[his nest was

vears. The female laid five eggs each vear and

each vear only one voung fledged. The evrie was

then abandoned. We have also, however, seen
prairies successtullv fledge large broods from
ledges equal to or smaller than the site men-

tioned above
1 |]

that was taken over bv

T'he aforementi
\l'\-‘.'!!'('T

Prairie Falcon evrie in

C.ounty ravens

used for five consecutive

A cliff used alternately by Prairie Falcons and ravens. Nesting site is situated in a l)Ut]lU]l‘ similar to that

shown in Figure 46. CLff is less than 2 miles (2.6 km) from the peregrine eyrie shown in Figure 22, and

Erwin, August 1972,

had a total nesting area of only about 310 sq
inches (2,000 em®) (measured from photographs).
A Prairiec Falcon evrie in Box Elder County,
found lz_\ Erwin, was in a crevice in the face of
a clitt which was onlv 20 inches (51 em) wide at

the point where the .v‘t_g_{.a were laid. The crevice
was over S0 inches in :I:-pth (ca. 200 em) and
nearly high enough for a man to stand in (mea-
sured from a photograph ).

In the Wasateh Mountains, peregrines usual-
Iy laid their eggs on wider ledges with a relative-
lv more spacious nesting area [I'I'(‘I]Il(‘llfll\' with
grass on them) than did the Prairie Falcon. The
area and ‘or volume available for nesting on open
ledges and within potholes used as evrie sites in
Utah are given in Tables 9 and 11. The average
available
Utah is nearly twice that of prairie eyries (Table

11)

nesting area for peregrine evries in

The wider variability in size and height of the
Prairie Falcon’s nesting sites would appear to be
advantageous to the Prairie Falcon in its compe-
tition with the peregrine. If the better quality
sites were alreadv utilized, one of lesser quality,
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Table 11.
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Size of area available for nesting at Prairie and Peregrine Falcon eyrie sites in Utd]l

Types of sites

i PRAIRIE FALCONS  PEREGRINE FALCONS
units of measure n X range n b3 range
POTHOLE SITES
Avail. nest. area
sq feet 5 11.6 8.0 -18.8 = —_ R —
sq meters 5 1.1 0.74- 1.7 - — it
Volume of potholes
cubic feet 4 20.2 9.0 43.7 - - e
cubic meters 4 0.6 03 - 12 - — —_ —
LEDGE AND POTHOLE
SITES, combined
sq feet 8 16.3 2.2 -38.8 Tt 27.8 10.0-52.0
sq meters &° 1.5 0.2 - 3.6 7 2.6 0.9- 48
Data were collected hf_-lw(-en_.ﬂ-]-lv.i- and 1972 by R. D. Porter, l; N -“'|||1-.'. and R. 1. Erwin. See Table 8 [or more e!l‘l.Lll!'(l. Il-l_:;
perl:.g.'nne eyrie sile 7. : TR ; !
*Two of the evrie sites were allernate sites at site i (Table 1); one was u_sed in common with peregrines.
IData are from four different evrie sites, including three alternate eyrie sites at site 7 (Table 1. hgs 26-39

and possibly not suitable for pewgrmcq could
be used, thus giving additional pairs of Prairie
Falcons thc opportunity to nest. Prairiec Falcons
nesting in the more arid desert areas of Utah
frequently use sites which probably would not
be used by the peregrine.

Aggressive Interactions between Peregrines
and Prairie Falcons

Nelson's (1969) reported decline in active
peregrine eyries around the Great Salt Lake
probably involved the use by Prairie Falcons of
abandoned peregrine eyries (Nelson, pers. comm.,
1971), and as mentioned earlier, the peregrlne
also is known to have occupied an eyrie which
earlier in the century was used by Prairie Fal-
cons (see White, 1969b).

No direct cnmpetltlon between the two spe-
cies for nesting sites was recorded during the
vears that the earlier mentioned Wasatch Moun-
tain eyries (Table 1, site 7) were under observa-
tion by Porter and Erwin, despite the fact
that the evrie sites were only about 300 feet (91
m) apart (Figs. 22 and 23), and that the pere-
grines frequentl\ flew within 100 vards (91 m)
or so of the prairie’s evrie. Neither ‘of the eyries
were visible from the other (see Fig. 22). White
and Cade (1971) found peregrines and Gyrfal-
cons nesting on the same cliffs slmultam'omh
and successfully. They postulated that p{*rhdpq
peregrines and’ Gy rfalcons can coexist in close
juxtaposition if their nests are not visible to one
another and if their schedules or routes of going
to and from their nests to hunt are different.

Other instances of amicable interspecific co-
existence between the peregrine and the prairie
have been reported. Bond (1946), for example,
tells of the two species nesting peaceably only a

few hundred feet apart. Pettingill and Whitney
(1965) noted the nesting of a pair of peregrines
and prairies 400 yards (366 m) apart in South
Dakota without appa;ent conflict. French (1951)
found the two species nesting 200 yards (183 m)
apart, but not in view of each other. He watched
the peregrines attack the prairies at least three
times, but only during one of several visits to the
eyrle It is poselble that his disturbance of the
prairies at their eyrie helped provoke the attack
by the peregrines. Lanner Falcons (Falco biara-

Table
horse-
at the center of

Fig. 44. CIliff in Great Basin desert (site 23,
1). Peregrine eyrie was situated near the
shoe-shaped depression. “pothole,”
the cliff indicated by arrow. Photo by R. ].
August 1972,

Erwin,
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Fig. 45. Prairie Falcon eyrie in pothole on side of
sandstone cliff. Photo by Gary D. Lloyd and C. M.
White, 1958.

micus) and peregrines in Sicily have been re-
ported by Mebs (in Fischer, 1967) to nest only
500 meters apart with no apparent conflict dur-
ing the nesting period.

On the other hand, Nelson (1969) watched a
pair of Prairie Falcons in aerial combat with a
pair of peregrines in Utah near the nesting site
of the latter (Table 1, site 11); the two pairs
nested about one-fourth mile (402 m) apart (Nel-
son, pers. comm., 1971). In discussing the aerial
battles between the two 51){'('i(‘h‘. Nelson (1969),
indicated that the Prairie Falcons seemed to win
them. Later in the paragraph he writes, “The
battles were not definite and alwavs ended in
sort of a draw, with observers deciding that the
won.” He also noted that al-
thougeh the Prairie Falecons had command of the
air, when the two spt'('it's pzlrtv(l thv_\' returned
to their respective sites. Hence, he did not con-
sider the aggression to result in the abandon-
ment of evries by either species. Webster (in
Beebe and Webster, 1964) gives a vivid account
of an aerial attack in Colorado by a female Prai-
riec. Falcon on a peregrine []I't‘\lilll;lh[\' carrving
food to its voung in which the Prairie Falcon
robbed the peregrine of its prey. The Prairie
Falcon nested nearby, but the location of the

Prairie Falcons
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Fig. 46. Young Prairie Falcon in pothole eyrie illus-
trated in Fig. 43. Photo by Gary D. Lloyd and
C. M. White, 1958.

peregrine’s evrie was not ascertained by the ob-
server.

Not all encounters between the two species
are won by Prairic Falcons. Ogden (1972)
sighted an adult female peregrine along the
Snake River of southwestern Idaho on 31 March
and 6 April 1972, Although unmated, she forced
a pair of Prairie Falcons to abandon their estab-
lished territory and clutch of eggs following
about two weeks of conflict between the two
species (Ogden, pers. comm., 1972). The female
peregrine remained and defended the cliff
through the remainder of the nesting season and
on several occasions she made reproductive over-
tures toward male Prairie Faleons (ibid.). Richard
Fvte (pers. comm., 1972) made an observation
similar to Ogden’s on 11 April 1972 in Alberta,
Canada. A pair of Prairie Falcons was well es-
tablished and the female was about to l'd_\' egeas
in a “pothole”™ evrie on a high dirt river bank at
the time that the female l)l'rvgrim' arrived at
that eyric on 11 April. The male peregrine pre-
ceded her arrival l‘l_\ a few (3;1_\'5‘ Within a mat-
ter of hours on the du_\' of her arrival, the pere-
grines had driven the prairies away and usurped
the p:}lhll]:'.

Despite these observations of conflict, both
species are able to establish and hold an evrie
site in close proximity to its congener. The near
equality in size and strength between the two
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species seems to reduce their dominance over
each other. This is unlike the L'U[l]l)t‘titii}ll be-
tween the peregrine and the Gyrfalcon in the
Arctic, where the larger and bth!lLJ.‘ Gyrfal-
con, due to its earlier nesting and superiority
to the peregrine in aerial combat, is able to es-
tablish and hold the most propitious nesting
sites (Cade, 1960).

Both peregrines and prairies may use one
another’s alternate nesting sites, the Mallablllt\
of which mayv enable the two species to nest
in closer proximity to each other than would
two pairs of peregrines or two pairs of Prairie
Falcons. Mebs (in Fischer, 1967) reported a
similar relationship between the Lanner Falcon,
a near ecological uluz\’d]('nt of the Prairie Fal-
con, and the peregrine in Sicily. A nesting cavity
(hole) under his observation for three vears was
occupied in 1957 by lanners and in 1958 and
1959 by peregrines.

In some instances, the Prairie Falcon may
occupy sites which otherwise would be used by
additional pairs of peregrines—as well as the
reverse—thus possibly limiting each other’s
breeding density.

Each s‘pecim is known to maintain distances
between evries in parts of its qeographlc range
not ()(.i’.‘lll)]("d bv the other species which are
much less than the distances between their
eyries along the Wasatch escarpment. Few of
the distances, however, averaged less than the
distance between the alternate nesting sites used
by the peregrine and Prairie Falcon at site 7

Hickev (1942). for example, mentions that
two pun of peregrines nested only a half mile
(805 m) apart in Canada, and Ratcliff (1962)
gives an instance in Great Britain of four pairs
breeding on a mile (1.6 km) stretch of cliff.
White and Cade (1971) found pe regrines nesting
a quarter of a mile (1. 40 km) apart in the Arctic,
but this was the exception, not the rule. Beebe
(1960) noted five to eight pairs nesting on a
linear mile (1.6 km) of cliff in the Queen Char-
lotte Islands, the highest densitv known for the
peregrine.

The highest Prairie Falcon density, to our
knowledge, is along the Snake River in south-
western Idaho, where in 1971 Ogden (1971)
found 74 active nest locations along a 53 mile
(85.3 km) stretch of river, for an average of 1.4
occupied areas per linear mile (1.6 km). The
evrie sites averaged less than one mile (1.6 km)
apart (one pair/3,771 ft; 1,149 m).

Date of Egg Laying as a Competitive Factor

We have observed in Utah that the Prairie
Falcon gl'lli’l‘;lll} initiates egg Ial}'illg_{ carlier in
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the spring than does the peregrine, and Nelson
(1969) also noted this relationship between the
two species. In Utah, peregrines have initiated
egg laying as early as 22 March and as late as
the second week in May. We have records of
Prairie Falcon L'Iulu'ru's; in the Great Salt Lake
area containing three eggs on 7 April, four
eggs on 10 April (R. L. Porter and ]. F.
Poorman, unpubl. notes), and five eggs on 22
April. Newly hatched young were present
on 13 May; young capable of ﬂIL‘hf were pres-
ent on 10 June. A nest in extreme northern
Utah found by Erwin in 1969 contained fully
fledged young on 1 June. Woodbury et al
(unpubl. ms} recorded 51 sets of eggs from
Tooele, Salt Lake, and Utah counties collected
from 3 March to 15 June 1939. The average
date of collection for 16 of the clutches, for
which ‘ill”i(.‘i{l]t dates ;lr-;' available, was 20
April (range: 3 April-22 May). This did not,
however, npuwmit the dltu. of the laying nf
the first eggs. Wolfe (1928) records mmplete
clutches of Prairie Falcon eggs in Utah from
5 to 20 April The average nesting date for 36
records in Utah County was 18 April (range:

3 March-15 June) (data from Bee and Hutch-
ings‘ 1942).

An earlier nesting date would give the
Prairie Falcon first choice of eyrie sites. We
have verv little precise information for Utah on
the arrival dates of either species at their eyrie

sites, although White has seen Prairie Falcons
at cliffs where evrie sites were situated in
February and earlv March and Porter has re-

corded them at a nesting cliff in the west desert
of Utah as early as 3 February (1953) (Porter,
Bushman and Behle, unpubl. ms). Wolte (1928)
noted the first appearance of Prairie Falcons in
the Salt Lake Vallev about the middle of
March, and earlier farther south. He indicated
that in some of the warmer vallevs manv of the
falcons pmhlhl\ remain during the entire win-
ter. Morlan Nelson (pers. comm., 1971) has
seen this N[}([I(\ at its desert evries in Utah the
vear around. He believes that only the voung
leave the area of the ne sting site (ibid.). Lllthnuc{h
Enderson (1964) recorded the earliest arrivals in
northern Colorado on 22 February in 1961 and
observed that most adults became associated
with the cliffs by mid-March.

Judging from the observation of adult male
|1E re Ull]l(‘\ at [\Tl(‘\ t]ll' \( ar ‘11!111“[] ]I] \('\\
Mexico (T. Smvlie, pers. comm., 1971), it is
quite pt}x.\'ﬂaf that pere grines remain at or near
Utah evries the vear around, par-
desert Paul Newev (pers.
observed peregrines chasing his
the Wasatch Mountains during

some of the

ticularly the
comm.., 1952)
near

sites.,

pigeons
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the last week in January 1950 and again on 18
February 1950.  The falcons were probably

from a llv;trh_\' eyrie. The nesting cliff was
climbed on 25 February by R. D. and R. L.
Porter, but no falcons were seen. Both pere-

orines and Prairie Falcons, however, were seen

by 4 April.

Heprmhwti\'e Potential as a Competitive Factor

The Prairie Falcon appears to have a greater
reproductive potential than does the peregrine.
This, however, among other things such as food
availability and winter mortality of voung, may
be a reflection of the greater \ll]l'l(l(l.l)l]lh of

PLEISTOCENE AND PREHISTORIC
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the Prairie Falcon’s eggs and young to predation
due to its selection of evries at sites which are
more easily accessible to ])red.ltors The average
clutch size for the Prairie Falcon is 4.5 for 55
completed clutches in Wyoming and Colorado
(Enderson, 1964), 4.3 for 20 nests in western
Montana (Leedy, 1972), 4.25 for 31 eyries along
the middle Snake River in Idaho (();_'{1(‘11 1971),
and 4.35 for the 65 clutches from the Utah
eyries in the present study. These are L(ll]]pdrud
with an average clutch size of 3.8 for pm'egrmes
in Utah, 3.7 for peregrines elsewhere in the
United States (Hickey, 1942; Bond, 1946), and
29 for peregrines in northern Alaska (Cade,
1960).

PEREGRINE AND

PRAIRIE FALCON DISTRIBUTIONAL RELATIONSHIPS

Although Nelson's (1969) climatic change
h\pnllu-s]s probably is not the {(Jmplete answer
to the recent reduction in active evries in Utah,
it has a great deal of merit on a long-term basis.
Perhaps the peregrine’s present distribution in
Utah can be elucidated best by an examination
of the possible distribution of the peregrine and
prairie falcon during prehistoric and Pleistocene
times,

Pleistocene Distributional Records

Both the peregrine and the Prairie Falcon
are known from late Pleistocene deposits in
western North America (Howard, 1962b; Miller,
1943 ). Hence, both species probably were pres-
ent in Utah during the late Pleistocene. White
and Cade (1971) suggest that the peregrine
may have originated in midlatitude regions of
Furasia, then spread northward into the Arctic,
and from there into North America ( White
1968b ). The Prairie Falcon apparently evolved
in sit in western North America.

Both species were present in the Los Angeles
area of California contemporaneously (Howard,
1962b) throughout much of the late Pleistocene
period covered bv fossils found in the La Brea
Tar Pits. The fossils in these pits are believed
to range tfrom 5,000 to 40,000 years old (Btlgt]'
and Libby, 1966; Ho, Marcus, and Berger, 1969;
and Downs and Miller, 1971).

Pit 16 contained fossils of three
both the peregrine and the Prairie FFalcon.
wood from two depths, 6% and 12 feet (2-3.7m),
in this pit has been dated back >40,000 vears
by radiocarbon dating (Berger and Li ibby, 1966).

cach of
IFossil

The occurrence of these two species together
in this and other pits (Howard, 1962b) suggests
a long association between the two species.
Since there is, however, a considerable varia-
tion in the ages of the fossils from the various
l)ih and from the various depths of each pit, and
since the greatest depths have not always yield-
ed the oldest fossils (pit 9, Berger and leh\'
1966), the exact age of the peregrine fossils is
not known. In addition, Howard's (1962b) pub-
lished account of the fossils present in the vari-
ous pits does not indicate the depths from which
the fossils were obtained nor if the fossils of
the two species discussed here intermixed with-
in the same depth. Therefore, a more definitive
interpretation regarding the duration of a sym-
[);lt[’i(' association between the two sp(*cies and
the age of their fossil remains must await car-
bon dating of the actual peregrine and Prairie
IFaleon fossils.

Additional specimens of the Prairie Falcon
from Pleistocene deposits are known from Smith
Creek Cave in Nevada (Howard, 1952), from
Rocky Arrovo (Wetmore, 1932) and Howell’s
lii(igv Cave (Howard, 1962a) in New Mexico,
from Lubbock Reservoir in Texas (Brodkorb,
1964), and from Nuevo Leon in Mexico (Miller,
1943). Specimens of the peregrine also have been
found at Potter Creek Cave and at McKittrick
in California (Miller, 1911 and 1927), Shelter
Cave in New Mexico (Howard and Miller, 1933).
and at American Falls in Idaho (Brodkorb, 1963).
Vertebrate fossils from the late Pleistocene
American Falls bed B, where this latter speci-
men apparently originated, have been dated as
having an age greater than 29,700 B. P. (ibid.).
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Post-Pleistocene Distributional Records

The Prairie Falcon was distributed widely
during prehistoric times. It is known from Ore-
gon (Miller, 1957; <8000 B. P.), California
[(Howard, 1929; =1,000 B. P.) and (DeMay,
1942; =500 B. P.)}, Arizona (Miller, 1932; 1,000
A. D.), and Utah {(Harper and Alder, in press;
=8,500 B. P.) and (Steward, 1937; remains not
dated, but probably very recent)]. The pere-
grine, on the other hand, has been found, to our
knowledge, only at prehistoric sites in California
(Howard, 1929; =1,000 B. P.) and Utah (Stew-
ard, 1937; remains not dated, but one of the two
specimens probably was very recent; the other

may have been somewhat older; one apparently
was within strata containing artifacts of the
Promontory culture).

These records suggest that both species were
rather widely distributed g}eu{{rdphlm]]\ during
the late Pleistocene, and that the peregrine prob-
ably was more common then than now; but fol-
lowing the Pleistocene period, the relative dis-
tribution and abundance of the two species
probably were much the same as they have been
historically.

Lake Bonneville and Peregrine Distribution
in Utah

Ancient Lake Bonneville was formed during
the thrusts of the most recent Pleistocene gla-
ciers some 60,000 to 70,000 years ago (H[.ILL
welder, 1948, and Antevs, 1948). At its greatest
height (the Bonneville level), this lake covered
19.750 sq miles (51,153 km*) of Utah’s Great
Basin (Antevs, 1948) and had a shoreline of 2,550
miles (4,103 km) (Fenneman, 1931). After stand-
ing at the Bonneville level for a long period of
time, it is believed to have receded below the
prese nt level of the Great Salt Lake (Marsell
in Durrant, 1952). Then, some 25,000 vears ago
during the Provo pluvial it rose to the Provo
level [Lake Provo, 13,000 mi* (33,670 km?*)
area, Antevs (1948)]. It then receded (Antevs,
ibid.; Marsell, op. cit.), after which it again filled
back up to the Prove level (Marsell, op. cit.). In
the last 12,000 vears it receded to the present
level (op. cit.).

A warmer interval of some 4,000 vears began
about 5550-4,000 years B. C. (Blackwelder,
1948), at which time the lake receded to a level
below that of the Great Salt Lake, with average
temperatures distinctly higher than those of the
present (Antevs, 1948; Blackwelder, 1948). Be-
ginning about 2500 vears ago, a reduction in
mean temperatures and evaporation caused an
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expansion of the lake to its historic levels (An-
tevs, 1948).

The present environmental conditions in the
Arctic may be near optimal for the pere-
grine, judging from its recent distribution and
population density there. Climatic conditions in
Utah during the late Pleistocene glacial periods
probably were much less arid than at present and
consequently closer to those presently occurring
in the Arctic. According to Blackwelder (1948}
temperatures in the Great Basin during the cold-
est ages probably were 8-12° F below the long-
term average, and the rate of evaporation was
much slower than at present. The extent of the
ecological changes that took place in the south-
ern part of the Great Basin during the latest
glacial age are revealed in the dung of extinct
ground sloths found in Gypsum Cave of south-
ern Nevada (Laudermilk and Munz, 1935). The
dung contained species of plants which now oc-
cur 3,000 feet (914 m) higher in the mountain
ranges some 20 miles (32.2 km) away.

Recent data collected by Harper and Alder
(in press) from an 'lnthmpnlnglm] site in north-
ern Utah, although agreeing in the sequence of
events, indicate that the date of the actual onset
and termination of these periods may be in er-
ror as might the extent of temperature change.
At Hogup Cave, which is located just north of
the Great Salt Lake, Harper and Alder (in press)
found that all but one of the plant species that
were present in the 14 feet of deposit dating
back 8,500 years presently occur within 40
miles (64 km) of the cave. During this period,
the upland areas were (lnmmlt(d by a xeric
desert shrub community, although the first 500
years were somewhat more mesic in nature.
They (ibid.) found that the lowlands had under-
gone a greater degree of change than had the
uplands, as suggested by both plant and animal
remains in the deposits. From about 7,800 B. P.
to 2,500 years B. P. (except for a brief period
about 6,000 vears B. P.), the temperature in-
creased at least 1° C and the open water and
marshlands decreased. Then some 1,500 vears
ago and continuing for about a millenium, there
was a relative increase in grasses on the uplands
[suggesting an increase in rainfall]. Harper and
Alder (ibid.) believe that the last 500 vears were
more arid and that the climate around the cave
became and inhospitable as at anvtime
during the past 8,500 years.

das {1[\

Historically, with the utilization for irrigation
()f th(‘ ]'i\'l'l' waters \'\'Ili('}l .\'uppnl‘t Ih(' (-;rf’ﬂt
Salt Lake and a general increase in mean tem-
peratures and decrease in precipitation during
the past several decades, as was discussed ear-
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lier, the Great Salt Lake reached its minimum
level for historic times in about 1961. Since then
it now has risen about seven feet (2.1 m) above
its historic low.

The climate and ecological conditions pres-
ent during the past 8,500 years would not seem
to have been sufficiently arid to have eliminated
completely the peregrine as a breeding bird in
the area surrounding the Great Salt Lake. This
is upum]]\ so if one considers the apparent
extent of the aridity during the past 500 vears
and the pvrslstenu‘ of the peregrine as a breed-
ing bird in Utah despite the dry harsh climate of
the past half century,

The occurrence of the Prairie Falcon at the
oldest level (at least 8,350 vears B. P.), along
with numerous remains of nine species of water
birds, at a time when ecological conditions
probably were more optimal fnr the pcregrme
than at present, would suggest that the region
surrounding the Great Salt Lake was even at
that time an area of sv mpaftry for these two
species. The presence of both species in Black
Rock Cave, south of Great Salt Lake (Steward,
1937), gives credence to this hvpothesis.

The date of the first occurrence of the pere-
grine in the intermountain area, of course, is not
known, but one can speculate that it appeared
during one of the pluvial periods when the en-
vironmental conditions were most propitious
for its survival and for its competition with the
Prairie Falcon for food and nesting sites.

It is probable that it was present in Utah dur-
ing the late Pleistocene, contemporaneously
with its occurrence at Rancho La Brea. The
presence of this 51}(‘(11'5‘ among fossils at the
American Falls bed B, dating back at least
29700 vears, tends to contirm this supposition.

During the Bonneville and Provo pluvials,
Lakes Bonneville and Provo, with their extensive
shorelines and numerous islands, must have pro-
vided innumerable nesting sites, an abundance
of prev species, and a near nptlm.ll climate for
the peregrine. Pleistocene rivers and smaller
lakes also must have provided correlative con-
ditions which mav account for eyries in areas
outside of Bonneville Basin.

[t the peregrine was present during the Bon-
neville and Provo interpluvials, it may have en-
countered environmental conditions of even
oreater aridity than at Ilr‘t"il.'lll It would be of
]Hh rest to ]\ll(l\'n !f i)l, ]—t"'lllll;' ['\]I('\ Were ]]'Iil“'
tained during these pe riods of extreme .|||l|11\ or
it, as suggested bv Nelson (1969) for present
altitudinal and latitudinal adjust-
If the latter were true then

conditions,
ments were n].tdl'.
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the eyries became reactivated when the lake
gradually increased again to its maximum his-
toric level.

The overlap between the breeding distribu-
tion of the Prairie Falcon and peregrine in the
intermountain area during the cooler, wetter plu-
vial period was probably dominated by the pere-
grine, but as the climate slowly ameliorated,
p(}pu]dtmm of the Prairie Falcon [ll\(]\ increased
in density and gradually extended northward,
prn]mhl\ at the expense of the peregrine. As the
environmental conditions became more arid, the
peregrine eyries that were near lakes or streams
where sufficient food was available may have
remained active. Those where the water disap-
peared probably either were taken over by the
better adapted Prairie Falcon or else were de-
serted. Peregrines at the active evries may have
gradually a(lapted to the increasing aridity, but
th{*\ would have been able to compete w ith the
Prairiec Falcon only at sites where water was
available. This hy pnthvsls seems to be suppmt{'d
bv the L(‘l)gl‘dphl(‘.ll and ecological distribution
of the peregrine in Utah dunng historic times
(Fig. 1). For instance, of the 40 known and
suspm'tml evries in Utah, 26 were located in or
near the Bonmeville Basin. The greatest con-
centrations of breeding pairs occurred near the
largest remaining bodies of water, particularly
in the area '\ll]"!"{llllldl]] v the Utah and Great Salt
lakes.

The eyries in the harsh environment of the
Great Salt Lake Desert were adjacent to small
expanses of marsh (Figs. 20 and 23). Most
astounding is that these evries existed at all,
rnnsidvring the harsh nature of the environment.
It is evidence of the adaptability of the species
and of the apvum t(lmut\ at its *\nv sites.
How long these evries would have remained ac-
tive in tlw absence of human interference is a
question that mav never be answered. The te-
nacity of peregrines at their evrie sites as dis-
cussed by Cade (1960) and “I{L('\ (1942), and
the tende ney tow .ml a genetic (‘l)IltI]llllt_\ in ev-
ric maintenance as 1)1::pmu| by White (19692)
(for a complete discussion, see ‘v.'\ hite,
196Sh) would suggest the possibility that some of
the evrie sites that were active during recent
times mayv have had long histories of activity;
some perhaps, even extended back into Lake
Bonneville times. This possibility seems especial-
]\' pllll-;ih]v when one considers the relative re-
ceney of some of the later pluvial periods. Thus,
the relationship between the Prairie Falcon and
I)lll‘”llllt' pun]mlll\ extends  back many thou-
sands of which may be a factor in the
relative l'l'lllll‘)'.t“l)il]-tl\' of the two species.

more

Vears,
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Data prvsented prev muah rvs_,ard]nff the con-
temporaneity of the two species at Rancho La
Brea; the occurrence of the peregrine in a fossil
bed at American Falls, Idaho, {]uting back to at
least 29700 years B. P. (Brodkorb, 1963); the
presence of both species at anthropological sites
just south of the Great Salt Lake (Steward, 1937;
Black Rock Cave): and the climatic and environ-
mental evidences from Hogup Cave in northern
Utah (Harper and Alder, in press) tend to cor-
roborate this supposition. The lack of aggression
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between them also suggests a long sympatric
relationship.

White and Cade (1971) believe that tradi-
tional use of an eyrie site will in the long run
reduce the total impact of intolerant behavior
and promote stability in the peregrine popula-
tions of the Arctic. If so, a long history of oc-
cupancy at Utah eyries probably would have en-
hanced the pf:r{‘g_'nmw compe titive pm]tmn with
the Prairiec Falcon and thus strengthened the
peregrine’s hold on its optimal eyrie sites.

SUMMARY AND CONCLUSIONS

Utah's rugged topography and ecological
variability is conducive to its inhabitation by a
wide variety of raptorial species. This includes
the Peregrine Falcon, which now has virtually
disappeared as a breeding bird in the state.

Although spdrﬁel\ distributed throughout
Utah, the species apparently found conditions
especially suitable for nesting in the environs of
the Great Salt Lake and Utah Lake valleys,
where its n('ﬁhng_' sites in the ;1(1]a1('('11t mountains
were within flying distance of a plentitude of
preferred prey species which inhabited the
marshes and shorelines surrounding the two
lakes. Dvs])lt(- the aridity of the environment, the
20 eyries that occurred there, when and if they
all were active simultane Duah' unnpnwd a pop-
ulation comparable to some populations else-
where in North America where the environment
is considered to be more congenial to the pere-
grine. On the average, there was one evrie site
for every 225 sq l'lllll.h 583 km?) in an area of
about 4,500 sq miles (11.655 km?*) surrounding
the Utah and Great Salt lakes. The average dis-
tance between 13 eyries along 130 linear miles
(209 km) of the Wasatch Mountains was 10.0
miles (16.1 km) (range, 2-20 mi; 3.2-32.2 km).

Elsewhere in the state, the species was more
sparsely distributed, and then only at sites where
suitable nesting cliffs were .1d|.1(vnt to marshes
or rivers. Onlyv nine additional eyries have been
verified for the remainder of the state {one pair
per 7,732 mi* (20,025 km?) in area, exclusive of
the aforementioned 4.500 mi®}, although 11
others are suggested bv the presence of adult
birds and/or young during the nesting season.
If all 40 known and suspected evries are in-
cluded, there would be about one evrie for
everv 2,123 sq miles (5.499 km?). If 11 unverified
evries are excluded, there would be about one
evrie for every 2,928 sq miles (7,584 km?) of the
state.

Peregrines have reproduced successtully in
the deserts of Utah’s Great Basin and Colorado
Plateau under some of the harshest climatic
conditions to which the species is subjected. All
evries in Utah’s deserts have been situated near

marshes, lakes, or rivers. Peregrine nesting sites
in the desert generally were cl:ml to extensive
marshes than were those along the Wasatch
escarpment. The average distance from evrie to
hunting sites in the marshes was only 1.3 miles
(2.1 km) (range, 0.19-2.8 mi; 0.31-4.5 ki) for
three desert eyries. For the nesting sites in the
region of the Utah and Great Salt lakes, the dis-
tances averaged 3.3 miles (5.3 km) (0.19-9.7 mi;
0.31-15.6 km). Marshes used by peregrines at

the desert eyries usually were less than 3 sq
miles (7.8 km?) in extent (Table 4).

Although the Peregrine Falcon has been
known to occur in Utah since the early 1870s,

most of our knowledge of its nesting distribution
and abundance dates back only three or four
decades. The status of the species in U tah prior
to the late 1930s is largely unknown. Its past
historv and present status in Ut ah, there fure
has been postulated on the basis of all records
available to us. both before and after 1939. Data
are too sketchy for a thorough understanding of
the kinetics of local populations. Evries that
survived the those farthest from
areas of intensive agricultural practices and al-
so dense human populations. Those at the poor-
est quality sites appeared to have been desert-
ed first. Abandonment of active evries first be-
came apparent in the 1940s. The known breed-
ing population in Utah was reduced bv the late
1960s to less than 10 percent of the pre-1940
estimates,

The several factors, in order of relative im-
portance, that may have contributed to these
changes are as follows: (1) the inimical effects
of DDT, and other chlorinated

longest are

its metabolites,
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hydrocarbons on peregrine reproduction; (2) a
dryi ing up of marshes which supported the pere-
grine’s prey species, due to a decline in annual
precipitation; an increase in the average daily
temperatures; and the diverting of river waters
for irrigation purposes; (3) the killing of adult
and young falcons with firearms; (4) the death
of peregrines due to botulism toxins; (5) the
robbing of eyries for their eggs or young; and
(6) the destruction of nesting cliffs for mining
and construction operations and general human
encroachment.

Reproductive failure typical of the pesticide
syndrome was recorded at three peregrine eyries
and one Prairie Falcon eyrie in Utah [lllllil“ the
period following the extensive use of DDT to
control mosquitoes and agricultural pests in Utah
and elsewhere. All of these factors combined
probably have contributed to the near extirpa-
tion of the peregrine in Utah, although the use
of tlrg__dnn{'h]nrlm' pesticides pmbabl\ was the
most important contributory factor, especially
when combined with a prolonged drought which
occurred during the first half of the century.

The average clutch size at one peregrine
evrie site in Utah for five vears between 1943
and 1952 was 3.8, and an aver rage of 2.4 young
hatched during these vears; and for seven vears
between 1943 and 1953 a total of 19 voung were
produced for an average of 2.7 young per vear.
This is in close agreement with figures recorded
at other (‘I\I]l‘ sites in North America at an
equivalent latitude. The incubation period
the aforementioned evrie site was estimated to
exceed the 28 to 29 days reported elsewhere by
four or five dayvs. An unusually long incubation
period of about 40 days in 1948 was explained
on the basis of renesting, if based on a 28- to
29-day incubation period.

Nestling pvrm_,rim*-»' in Utah were given a
wide variety of avian prey species. Pairs nest-
ing along the Wasatch Mountains (near the
Great Salt Lake) fed their voung mostly shore-
and marshbirds, manv of which were obtainable
only from Great Salt Lake marshes up to 17
miles (27.4 km) distant. Avocets and Willets were
the species of shorebirds most used. Mourning

Doves, Rock Doves. Red-shafted Flickers. and
Western Meadowlarks were most used of the
nonaquatic prey species. Bats, which were the
onlv. mammalian prey species present in Utah

evries, represented less than one percent of the
lict. Passerine and prev species

ol greater importance and aquatic prev
lesser importance in the desert evries.
The selection of eyrie sites by peregrines in Utah
issociated with the avail: ibility of

gallinaceous
TR
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suitable nesting sites adjacent to a marsh or
stream where prey species are available in ade-
quate numbers. The utilization of aquat:c prey
species as iuud for Il(‘%tlll]i_’ pt.rugrme in Utah
undoubtedly is a major factor in the species’s
prﬁ(!l\]t'\ il)l' 1]{"5tlllé_’ S]tl:.,": near \\'slt(’

The Golden Eagle and Prairie Falcon are the
two species most likely to compete with the
peregrine for food and nesting sites. Direct com-
petition between the p{wgnm- and Golden

Eagle for food pmh.ll}l\' is minimal, since mam-
malian prey species contribute greatly to the
cagle’s diet, and no direct evidence of compe-
tltlon between the two species for nesting sites
has been observed in Utah.

The Prairie Falcon, on the other hand, is a
probable competitor, which is expected because
both species belong to the same genus, both are
basically equivalent in ecological function, and
both are approximately equal in size and
strength. Although the habitat of the two species
overlaps, habitat separations are prvwnt The
Prairie Falcon, for example, may nest in the des-
ert many miles from water. In ‘the zone of con-
tact betwoen the two spcows its selectmtv in
habitat and food encompasses and exceeds that
of the p-:’reﬂ'nno The zone of contact between
the two species appears to be restricted only by
the paucity of suitable nesting habitat adjacent
to an adequate supply of food for the peregrine,

Where thev occupy the same habitat their
diets are somewhat different, thus mitigating
the possibility of strong competition for food, al-
though where they nested side by side in the
Great Salt Lake Valley their food niches did
overlap considerably. Both species pre\'ed rather
extensively on the same two preyv species, the
avocet and Willet, which probably was a re-
sponse to the .‘thumLmu of these two shorebirds.
In general, the Prairie Falcon was much less
selective in its food requirements in the area
surrounding the Great Salt Lake than was the
pvrvgrim* in the same area, and it was more
prone to supplement its diet with rodents,
ground nesting birds, and reptiles. Thus, in this
respect, it appeared to have an adaptive ad-
vantage over the peregrine.

(nmptlltmn between the two spemcs for
food did not appear to have been an important
factor in controlling their relative densities
along the escarpment of the Wasatch Mountains,
especiallv when populations of avocets, Willets,
and other species of shorebirds were sufficiently
large to support them both.

We have no data regarding the food niches
of the Prairie Falecon in the zones of contact
between the two xp(’('i(-s at river sites in the
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desert. However, we would expect a greater
overlap in the avian prey of the food niches of
the two species in these areas due to the elimina-
tion of a great portion of aquatic birds from the
diet of the peregrine (see Gabrielson and Jewett,
1940). Our data, however, suggest that the ex-
tensive utilization of rodents, p.utlculml\ gmund
squirrels (Citellus sp.), by the Prairie Falcon in
the desert areas would tend to lessen the im-
pact of the mmpetition between the two con-
geners for avian prey in those regions.

In regions of Utah where the populatmns of
the peregrine were greatest, pairs of Prairie Fal-
cons and peregrines nested much closer together
than did pairs of peregrines or pairs of prairies.
The two species sometimes even used one
another’s alternate nesting sites. When they nest-
ed close together, their nesting sites were not
known to be visible from one another. Although
they were observed in aerial combat, neither
spe:cie:-; appeared to be able to consistently dis-
lodge its congener from its nesting site.

Our data suggest that both species select
evrie sites on the basis of availability, but when
given a choice they seemingly se Jlect them on the
basis of directional L‘xpusuu- to the sun. The
peregrine shows a preference for north- and
east-facing cliffs, and the Prairie Falcon shows
a preference for south- and west-facing cliffs.
This relationship between the two species needs
additional investigation to further test its valid-
ity in Utah and to test its applicability elsewhere
in the arid West.

The Prairie Falcon was less selective than
was the peregrine in its choice of nesting sites,
sometimes selecting sites which were seemingly
shunned bv the peregrine. The former species,
for example, utilized sites that were located on
smaller ledges with a smaller total nesting area,
as well as sites located on lower cliffs nearer
the base of the cliff or otherwise more easily ac-
cessible to humans and to mammalian predators,
than did the latter species. Furthermore, ravens
which are common in Utah, seemingly alter the
nesting habitat in a beneficial way for Prairie

Falcons by pmu{]lng additional nests that are
frequently used by the falcons, whereas the pere-
grine apparently is little affected by the pres-
ence of ravens.

The Prairie Falcons initiated egg laying ear-
lier in the season, thus giving them first choice
of nesting sites; and on the average they laid
larger clutches than did the peregrine.

The Prairie Falcon is a true desert species. It
apparently evolved in the arid environment of
western North America, and as expected, in its
association with the pere grine it appears to be
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the dominant competitor in the following ways:
(1) it has a greater reproductive potential than
does the peregrine, based on its larger clutch
size; (2) it is less selective than is the peregrine
in choice of nest sites and thereby has more
nesting situations to choose from; (3) it lays
earlier in the season than does the peregrine'
thus it may have first choice of cliffs and eyrie
sites; (4) it shows less selectivity in its choice of
prey species as food for its young; consequently
it has a wider range of species to choose from,
including birds, mnmma]&. and TL’PtllE‘;, and {5)
because of its selection of prey species other
than birds, it is not as obligate to open water for
food, nor is it as obligate to open water for
bathing, and thus it may nest many miles from
water.

The Prairie Falcon, then, would appear to
have a marked adaptive advantage over the
peregrine, t'specm]lv in marginal areas where
the peregrine’s em]numl tolerance is restricted
and where the [}(I(‘Ulll]t s preferred food and/
or nesting sites are in short supply. The Prairie
Falcon’s J(I.\ptnv adv antage over the peregrine
may contribute to the restriction of the pere-
grine to the more optimal aquatic habitats near
streams and marshes where food and nesting
sites are not in short supply, and where the
peregrine competes successfully with its con-
gener.

Some of the reasons the peregrine in Utah is
able to compete successfully with the Prairie
Falcon for food and quality ]']{‘Htll'lj_} sites may be:
(1) the relative tolerance of the two species for
each other while nesting close together; (2) the
utilization of one another’s alternate evries,
coupled with the inability of either species to
consistently gain a dominance over the other in
aerial combat, although recent observations by
Ogden (1972) and R. Fyfe (pers. comm.)
suggest that the peregrine may occupy the
most propitious  sites because it is capable of
forcing the Prairie Falcon from them; (3) the
possible partitioning of the nesting cliff with
‘ach species having distinct preferences for dif-
ferent tvpes of nesting sites or a wide variability
in acceptable nesting situations. There is, for ex-
ample, the peregrine’s preference for open
ledges and the Prairie Falcon's acceptance of a
wide range of nesting situations, illustrated by
its use of potholes in the face of the clitf, open
ledges, and old stick nests of other raptorial
species. The pothole eyries probably enhance
the survival prospects of voung reared on west-
facing cliffs and probably offer greater protec-
tion from predation than do the open ledges; (5)
a variation between the two .spt(.‘le.s in the size
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of the nesting area and in the hught of the cliffs
and eyrie sites; (6) the presence, in abundance,
of the prey species preferred by the peregrine in
areas of Utah where the peregrine was most
common, with partial partitioning h_\ the two
\i}l'u(‘a of their food niches; and (7) the pere-
grine’s fidelity to the cliff.

We have hypothesized that the peregrine
probably invaded the intermountain region dur-
ing a pluvial period of the Pleistocene, when the
environmental conditions favored the peregrine
in its competition with the Prairie Falcon. More-
over, the ancient Pleistocene Lakes Bonneville
and Provo undoubtedly presented the peregrine
with both an abundance of food and a suffi-
ciency of n(‘stmg sites. Fossil remains (Jf pere-
grines from the La Brea Tar Pits dating back
40,000 vears or more and from American Falls
in Idaho dating back nearly 30,000 vears sup-
port this hy ]mtht"m

There may have been times during the cooler
pluvial periods when the geographic ranges of
the two species were mutually exclusive, at least
in some localities of Utah. Ditrm" the drier inter-
pluvials, the Prairie Falcon prnlr.lhl\ took over
nesting sites no longer tenable to the peregrine.
However, the peregrine probably persisted at
those sites where the ecological conditions were
most propitious to its survival and where it
gradually adapted to the more arid condition of
the interpluvial, as is the present case. The pere-
grine is noted for its fidelity to certain cliffs over
many generations of breeding birds. Traditional
occupancy may not be the rule with the Prairie

Falcon. Finally, one would ¢ xpect that the longer
the existence of a sy mpatric relationship between
two closely related congeners, the more exten-
sive would be the partitioning of their resources
and the greater the reduction in the conflict be-
tween them. The plrllllmmm of the resources
between the peregrine and prairie seems to be
sufficiently defined to suggest that this ph("—
nomenon has been in operation for a consider-
able period of time. The low level of interspecit-
ic aggressiveness as well as the p;i]l'{lni'n]i)f_{i{';ll
records suggest that the relationship between
the two species is ])rnlmb]}' of long ,\'t;m(lin}_{_

Fluctuations in peregrine pnpu]uti:ms con-
comitant with fluctuations in height and length
of the shoreline of the Pleistocene lakes prob-
blv have been of natural down
through the ages. Peregrine populations possibly
have been declining slowly in Utah over the past
ral with a  general
Jioration of climate and accompanving re-
in suitable habitat based on climatic
nd biotic evidence from Hogup Cave dating

oceurrence

centuries  coneurrent

ff':!-’-ll
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back 8,500 years, while populations of the Prai-
rie Falcon may h we slowly expanded to fill the

void as suggested by Nelson (1969).

Evidence that the southern extremity of the
peregrine’s geographic range historically shifted
northward along with an associated shift alti-
tudinally (Nelson, 1969) has not been demon-
strated for Utah. With the drastic decline in
the species’ breeding populations that is pres-
ently  taking place throughout North Amer-
ica, a hypothesis of this kind is difficult to test.
A general cooling trend in Utah and elsewhere
in the Northwest which started about 1961, how-
ever, should result in more suitable ecological
conditions for the peregrine. The extent to which
old eyrie sites are recolonized should be a test
of the validity of Nelson’s (1969) climatic change
hyvpothesis for the peregrine decline in the west-
ern United States.

The presence of the peregrine at desert sites
on the ]wriphcr\' of its ecological 1';111;:1 as late
as 1959-60 in the Great Basin (Table 1, site 23)
and the ecarly 1960s in the Colorado Plateau
(Table 1, site 28) emphasizes the species’s ability
to adapt and its tenacity for survival.

The ('nmp(‘litivc roles of the peregrine and
the Prairie Falcon apparently change according
to locality, based on availability of food and
nesting sites, and on the behavior and vm)]{}gv
of the 1 raptorial species with which they must
compe te. For example, in the Arctic the Pere-
erine Faleon is a generalist, both in terms of its
selection of nesting sites and in regards to troph-
ic relationships with its competitors (White and
Cade, 1971); there, this species utilizes a wide
variety of food. which is not a restrictive aspect
of its economy in the Arctic, and a broad selec-
tion of nesting sites. Its chief competitors in the
Arctic are the Common Raven, the Gyrfalcon,
and the Rough-legged Hawk (Buteo lagopus).
The: G \|f|lum thv peregrine’s most closely re-
lated um‘:pvtllur on the other hand, is a spvcm]
ist in terms of nest site and food selection. The
raven and (.\li.ﬂ(-ml have similar nesting require-
ments, and both are early nesters they
have an earlier choice of evrie sites. Thus, when
the later-nesting peregrines and rough-legs ar-
rive, the late armivals are more or less limited to
the remaining sites. Consequently, the peregrine
utilizes “marginal” sites where it mav have to
compete with the rough-legs. Apparentlv, how-
ever, the neregrine is capable of usurping the
rough-legs’s nest. In addition, the two species
may jointly occupy the same cliffs, thus lessen-
ing the competition between them. White and
Cade (1971) believe that since ravens and pere-
not get along well together, the

NIIIL(‘

orines  do
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(,drller l]e‘\t"l% ravern may f(]r{.'l.' lh(‘ [)C'I'(’E_,l‘lnt'
into m.lrym] and ~.ulnn.1r1_\11ml sites on those
UL‘C:I‘\!.OI'IS W lll‘]l [l( l(‘i_‘llnl‘\ t]'\ t() ]lt“rt tU(} C][)‘s('
to the ravens. They believe that the same thing
applies when peregrines attempt to settle too
close to Gyrfalcons on the same cliff. The pere-
grine, nev ertheless, does use “optimal” sites in

the Arctic when they are available.

In the desert, however, the peregrine’s role
is the reverse of its role in the Arctic. Here the
peregrine is forced into the role of a specialist
because the harsh arid environment produces
tew of the prey species preforrcd by the pere-
grine and because the Prairie “alcon competes
more succ t“,sfull\ for both the former’s marginal
food niche and its marginal n(".tmi_‘ niche. The
specialization in the peregrine’s food require-
ments is apparent only when compared with that
of the Prairie Falcon in the zones of contact be-
tween the two species. Here the utilization by
the Prairie Falcon of rodents (especially g_,rnund
squirrels), reptiles, and birds (to a rrreat extent
the same principal shore birds used by pere-
grines) makes it a generalist in its food habits.
In areas of allopatry, as in the deserts, the Prai-
rie Falcon often uses pre ‘dominantly one or two
species of rodents and/or birds and. therefore,
in these regions, it is seemingly a specialist.

In its m'stmlr site u(lunvm(nts the Prairie
Falcon is a s__uumhxt when both allopatric and
svmpatric with peregrines. In its selection of
nesting sites, it seems to prvfm' sites which we
would consider to be marginal for the peregrine,
This more or less limits the peregrine to the
more optimal nesting sites and to the role of a
specialist. Distribution of free water, and
concomitant supply of suitable prev species, is
the most important environmental factor dictat-
ing the distribution and abundance of the Pere-
grine Falcon in the arid West. Conversely, lack
of free water and its associated ~;up|‘1[\' of suit-
able prev species is a limiting factor in the dis-
tribution and abundance of thl'-. species.

Climate, on the other hand. appears to be a
major factor restricting the geographic distribu-
tion of the Prairie Falcon as is its strong pro-
clivity to nest on cliffs, thus nearly :llmnmhm.
the use of tree nests as eyrie sites. In gener al,
however, the selection by the Prairie Falcon of
a wide variety of prey species, encompassing
three classes nf vertebrates, its utilization of sev-
eral different types of nesting situations, its rela-
tively high reproductive potential, and its ability
to (‘(|]T(\It successfully the arid environments of
western North America points out the extent to
which this species has become adapted to its par-
ticular environment. With its versatilitv in selec-
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tion of prey species and nesting sites, but more
especially the former, the Prairie Falcon is
among the better adapted and more successful
of North American raptors.

Because of its extensive utilization of rodents
for food, its frequent occurrence in areas many
miles from water and many miles from civiliza-
tion, and its relatively nonmigratory nature, the
Prairie Falcon is much less likely to become a
permanent victim of the indiscriminate use of
the chlorinated hydrocarbons than is the pere-
grine.

The current prl-(-arinm: status of the Pere-
grine Falcon in Utah is probably a result both
of a change in climate and of the inimical effects
of man’s activities. The future of the species in
Utah, as elsewhere, appears bleak. Many of the
factors responsible for its decline are still in evi-
dence. DDT and other harmful pesticides are
still being used in Utah. In 1969, for example,
7.593 pounds (3,440 kg) of DDT were used in
Utah for the control of noxious insects (in the
pesticide policy statement of the Utah State De-
partment of Natural Resources) and this was in-
creased to 11,348 pounds (5,140 kg) in 1970
(Work Unit A, Pesticides Applied—State of Utah,
Utah State Health Dept., 1970; Stephen L. War-
nick). The impact on raptors of polvchlorinated
biphenvls and of the heavv metals, such as mer-
cury, lead. and cadmium, are still poorly un-
derstood, and other chemical hazards of un-
known kinds also mayv be involved.

Although man is still encroaching on the ac-
tivities and habitat of the peregrine and on its
environment, with the construction of artificial
lakes such as those formed in Glen Canyon and
in the Flaming Gorge and with a general cool-
ing of the climate which is resulting in the re-
establishment of certain lakes and marshes, nest-
ing pairs of peregrines may vet be attracted in-
to new and old areas, ]mp{ fully aw ay from the
harmful activities of man. Inimical environmen-
tal factors must first be eliminated. The use of
management methods, such as construction of
manmade marshes near suitable nesting cliffs or
manmade evrie sites near suitable marshes, has
not vet been atte mpte d. Management te(hmrlut’u
have worked well with other species, and may
prove successful with the peregrine.

The few peregrine eyries still remaining ac-
tive, as well as the many Falcon
eyries in the state, should be given the strictest
pmtr{lmn and/or management. All pumf]lne
evries should ln- guarded zealously that future
generations may have the plmsurt's which have
been ours; that is, to see, to study, and to enjov
this magnificent species alive in its native haunts.

active Prairie
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Addendum

After the final manuscript was in press, we
learned of two more localities used by pere-
grines. H.l]ph B. Williams (pers. comm.) told
us of an eyrie that the late Charles Springer of
Salt Lake City, an avid birder and falcon en-
thusiast, located sometime in the late 1930s and
early 1940s. The eyrie was west of the general
area of the Bear River marshes. From the de-
scription of the eyrie it appeared to be about
12 to 15 straight-line miles from eyrie number
9 (Table 1) and within region A as outlined
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on Figure 1. It was apparently inactive after
the early 1940s since that area was searched
for falcons in the mid-1940s. The second locality
occupied by a pair of territorial pere E,rlncs
would also be included in the area of region A
but to the ecast of the boundary lines, as shown
in Figure 1. This locality was ttd]llcvnt to several
pairs of Prairie lullcuns but the exact canyon
in which it was located cuuld not be determined
from a map, as it was located in the late 1930s
and details are vague (Morlan Nelson, pers.
comm., 1973).
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DDT USAGE

AS A MOSQUITOCIDE IN UTAH

According to Collett (1955), Salt Lake Coun-
ty sprayed 310 acres (125 ha) by airplane in
1949 and in 1950, according to Smith (1951), both
Weber and Salt Lake Gity Mosquito Abate-
ment districts (MAD) hired planes for aerial
spray work, and the latter treated more than
1,300 acres (526 ha). From 1950 through 1953
Hu' Salt Lake City district treated 10,680 acres

1,322 ha) by aircraft (Collett, 1955) and Davis
(fnml\ sprayed 3,000 acres (1,214 ha) by air-
craft in 1953 (Stewart, 1954). Aerial spraying
greatly increased in 1954, JLUJI’{IIIIL to Graham

and Rees (1958). In that year the Salt Lake
City district (Collett, 1955) aerially treated
12,128 acres (4,908 ha), of which 2,286 acres

925 ha) were in cooperation with the Davis
County  MAD. Insecticides used by the Salt

Lake City MAD in 1954 were DDT in number
2 fuel oil, DDT and water emulsion, and hepta-
chlor emulsion in water; DDT was applied at
the rate of two gals per acre (19 Vha), contain-
ing 0.4 Ibs (181 g) of DDT; heptachlor was ap-
p]ml at the rate nf 0.06 Ibs/acre (67 g/ha) for
larvae and 0.08 lbs/acre (90 g/ha) for adults
( Collett, ibid.).

The Weber County MAD sprayed over 10,000
acres (4,047 ha) by air in 1952 and 19,825
acres (8,023 ha) in 1953. DDT was applied at
0.2 Ibs/acre (224 g/ha) for 15,812 acres (6,399
ha) and at 04 “)'\fd([( (448 g/ha) for 1,793
acres (726 ha) in 1953, for a total of 3,880
Ibs (1.760 kg) of DDT applied to 17,605 acres
(7,124 ha) of marsh and pasture lands (Fronk,
1954). In 1954 Weber County aerially treated
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13,300 acres (5,382 ha) at 0.1 to 0.4 lbs of DDT
per acre (112448 g/ha) (Fronk and Jenne,
1955), while Box Elder County similarly sprayed
5,000 acres (2,023 ha) (Josephson, 1955).

An abatement district was not operative in
Utah Countv until 1963, and the chemicals used
were Baytex, parathion (both in }F.lsturu.), and
DDT (where residues were considered to be no
problem) (Davis, 1964). DDT was not used
by the South Salt Lake County district. Hepta-
chlor was used in this county starting with the
inception of the MAD in 1953 (Graham and
Rees, 1958; Graham in letter). It was applied
at 0.04 lbs per acre (45 g/ha). Dieldrin was
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used extensively in this district also at the same
concentrations as heptachlor. Other districts
then began using th'[.lCh]Or, and by 1958 it
became as commonly used as DDT (Graham
and Rees, 1958 ). Malathion and parathion were
used in 1‘]36 and parathion became the insecti-
cide preferred by the Salt Lake County MAD
in 1957 when resistance to heptachlor developed
in the mosquitoes (Graham and Rees, 1958).
By 1962 nearly all mosquito abatement districts
in Utah had abandoned the use of DDT because
pastures, milk, and food were becoming polluted
with residues, and by 1970, only Box Elder
County was still using DDT.
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