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INTRODUCTION

Many species of raptors recently have suffered serious declines in
the United States and Europe. In the United States the peregrine falcon

(Falco peregrinus), bald eagle (Haliaetus leucocephalus), and golden

eagle (Aquila gggysaetos) have been nearly exterminated in much of their

former range east of the Mississippi River (Hickey, 1969; Cottam et al.,
1961; Arnold, 1954). Breeding success of golden eagles -in Britain has
decreased (Lockie and Ratcliffe, 196L4). These and other declines indi-
cate the need for intensive studies of raptor populations in order to
establish population norms and to identify the causes of major declines.

Because of their position at the top of the food chain and their
mobility, raptors are likely to obtain heavy loads of persistent toxic
chemicals. Contamination of raptor food supplies by pesticides has been
blamed for low nesting density and success in bald eagles (Carson, 1962;
Cottam, et al., 1961), golden eagles (Lockie and Ratcliffe, 1964), and
peregrines (Cramp, 1963; Ratcliffe, 1965a, 1965b; Jefferies and Prestt,
1966). A search of the literature revealed scant information concerning
pesticide residue levels in the U. S. golden eagles.

The present investigation is part of a long-term study of the golden
eagle in Montana, planned and directed by Dr. John Craighead, Ieader of
the Montana Coopergtive Wildlife Research Unit. Phase 1, conducted by
Jerry McGehan (1966, 1967, 1968), treated food habits, quantified estim-
ates of predation, nesting density, productivity, nesting success, and
mortality.

In this study I compared data on population density, nesting sue-
cess, .productivi’cy, ‘and food habits that I gathered from 1965 to 1968

-1~
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-2-

with McGahan's data for the period 1962 through 1964. In addition I eval-
uvated environmental changes that occurred and sampled pesticide residue
levels in the golden eagle population and some of their prey species. I
attempted to evaluate the effects of environmental changes and chlorinated

hydrocarbon residue levels on the ecology of an eagle population.
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DESCRIPTION OF THE STUDY AREA

Geographic location

The study area was established and described by McGahan (1968).
Study Area A is located near Livingston, Montana, in the south-central
portion of the state. The 1260 sq. mi. area is 30 miles from north to
south and 42 miles from east to west; it includes portions of Park and
Sweetgrass Counties. Study Area B, which was studied less intensively
than Area A during both phases, includes those portions of Park and
Sweetgrass Counties not included in Area A as well as the adjacent

counties of Gallatin, Stillwater, and Carbon.

Physiography
Area A is situated where the eastern edge of the Rocky Mountains

meet the plains. Elevations vary from 4,000 to 10,000 ft. The Crazy
Mountains border the area on the north -- the Bridger and Gallatin
Ranges on the west and southwest. The Absoroka Range Jjuts into the
southern and southeastern portions of the area. Three river valleys
cut through the area: the Yellowstone, Shields, and Boulder. Between
the mountains and the river bottoms lies a transitional zone of foot-

hills characterized by ridges, buttes, and breaks.

Climate

Climate in the study areas is milder than in most other sections
of Montana. Average temperatures and precipitation for Livingston,
Montana, which is near the center of the study area, are presented in
Table 1. Average annual precipitation is 13 to 14 in. and during the

nesting season, from March to August, temperatures range from - 20° to

100© F.
-3-
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Table 1. Climatological summary.*

Average temperature, °F Total precipitation, In.
Month 1965 1966 1967 1968 1965 1966 1967 1968
March 22 36 28 38 0.67 0.90 2.21 1.18
April L3 Lo 39 39 2.22 0.59 1.60 1.77
May L8 55 JiTe} L7 2,02 2.83 1.90 3.09
June 58 58 57 57 .92 1.00 5.30 k.15
July 67 71 67 67 1.69 0.48 2.98 0.k
August 64 65 67 65 2.62 1l.42 o0.43 1l.21

*Data taken at the Livingston FAA Airport in the approximate center
of the study area (U.S. Dept. of Comm. ; Weather Bureau).

Vegetation

Natural vegetation on the lower elevations between 4,000 and
€,000 ft. includes wheatgrasses (Agropyron spp.), fescues (Festuca

Spp. ), needlegrasses (Stipa spp.), prairie junegrass (XKoeleria cris-

tata), and wild rye (Elymus sp.) which may be found among big sage-

trush {Artemesia tridentata) and juniper (Juniperus scopulorum). In

additicn, cottonwood (Populus spp.), willows (Salix spp.), and wild-
rose (Rosa sp.) are often found along creek and river bottoms. Douglas

fir (Pseudotsugza menziesi), lodgepole pine (Pinus contorta), and limber

pine cgn flexilis) were the most abundant trees found at these elevations.
Between 5,500 to 7,000 ft. characteristic grasses include alpine

fescue (Festuca ovina), bluegrasses (Poa spp.), and hairgrasses (Des-

champsia spp. ). More shrubs are apparent than in the lower elevations,

especially nine bark (Physocarpus sp.), snowberry (Symphoricarpos sp.),

and chokecherry (Prunus virginiana). Lodgepole pine is more abundant in

o
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-5-
this zone. Douglas fir and limber pine are still abundant.

Above T,000 feet, alpine fescues and sedges (Carex spp.) are plenti-
ful. ILodgepole pine is the most prevalent tree; Douglas fir and alpine

fir (Abies lasiocarpa) are also found.

Tand Use

The major business in the study area is agriculture. The Bureau
of Census (U. S. Dept. of Commerce, 1964) reported that in 1964 Park
County ranches supported 60,000 cattle and 35,000 sheep. In that year
almost 2L, 000 lambs were sold. More than half of Area A is under cul-
tivation. Hay, wheat, oats, and barley are the principal crops. Accord-
ing to census figures, there is a trend to consolidate ranches; as a
result, there are fewer ranches and farms but those remaining are larger
and more intensively managed. Increased use of pesticides has accompan-

ied intensive management.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FOOD HABITS

"Methods

Techniques used to determine foéd habits have been described in de~
tail by Craighead and Craighead (1956) and McGahan (1966). Identifiable
remains of prey at eagle eyries were recorded in the field. Unidenti-
fiable remains and regurgitated pellets were collected and later identi-
fied by comparing hair and feathers with study skins at the University
of Montana. Remains of prey found in nests were recorded and then re-
moved if there was no flesh on the bones. If the prey remains were
edible, they were marked (usuvally by toe—clipping), left in the nest,

and removed at a later visit.

Results and Discussion

From 1965 through 1967, 1,009 individual prey items were collected
from 39 nests located within Areas A and B (Table 2). Thirty-nine prey
species were identified: 15 mammals, 22 birds, and 2 reptiles. Of the
total number of prey items identified, 752 (7h4.5%) were mammals, 253
(24.2%) were birds, and 4 (0.4%) were reptiles.

Prey proportions of 980 food items on the same study areas from
1962 through 1964 (McGahan, 1968) were: 854 (87.0%) mammals, 122 (12.4%)
birds, and 4 (0.4%) reptiles. My data show a 12.5% decrease in the num-
ber of birds in the diet of nesting eagles. Reptiles percentages remained
the same.

Game and domestic species made up 16.7% of the prey found in nests
(Table 3). The greatest proportion of this (7.2%) consisted of four
species of grouse. The remainder was divided among the following cate-

gories: big game, L4.1%; ducks l.3%; introduced game birds, 3.6%; and
—6-
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Table 2. Prey found in golden eagle nests, listed in decreasing order
of frequency, Areas A and B.

1965 1966 1967 Total

Mammals No. % No. % No. % No. %
Whitetail Jackrabbit 46 30.7 108 27.2 110 23.8 264 26.2
Cottontail (Desert and Mtn.) 19 12.7 63 15.9 119 27.2 201 19.9
Yellowbelly Marmot 10 6.7 62 15.6 L4 9.8 116 11.5
Richardson Ground Squirrel 28 18.7 35 8.8 43 8.7 106 10.5
Mule Deer (35 fawns, 1yrlg.) 6 40 17 4.3 13 2.7 36 3.5
Striped Skunk 3 0.8 3 0.7 6 0.6
Iongtail Weasel o 2 0.5 2 0.5 L o.4
Pronghorn (Fawn) 0 0 4 0.9 L 0.4
Voles (Microtus sp.) o) o) 3 0.7 3 0.3
Domestic Cat o) 0 2 0.5 2 0.2
Domestic Sheep (1 lamb, 1adult) O 0 2 0.5 2 0.2
Bushytail Woodrat 0 0 1 0.2 1 0.1
Muskrat 1 0.7 © 0 1 0.1
Coyote (pup) 0 1 0.2 0 1 0.1
Black-tailed Prairie Dog 5 3.3 0] 0 5 0.5
RBirds
Black-billed Magpie 13 8.7 Lo 10.1 30 6.6 83 8.2
Grey Partridge o] 6 1.5 21 L6 27 2.7
Sage Grouse 2 1.3 14 3.5 10 2.1 26 2.6
Blue Grouse 1 0.7 3 0.8 12 2.7 16 1.6
Common Crow 5 3.3 5 1.3 3 0.7 13 1.3
Grouse (Unidentified) 3 2.0 7 1.8 5 1.1 15 1.5
Great Horned Owl 0 6 1.5 4y 0.9 10 1.0
Sharp-tailed Grouse 5 3.3 1 0.3 3 0.7 9 0.9
Red-shafted Flicker 0 L 1.0 1 0.2 5 0.5
Ruffed Grouse 1 0.7 3 0.8 1 0.2 5 0.5
Ring-necked Pheasant i 0.7 5 1.3 5 1.1 11 1.1
Duck (Unidentified) i1 0.7 O 5 1.1 6 0.6
Robin 1 0.7 2 0.5 1 0.2 L  o.k
Passerine (Unidentified) o] 0 3 0.7 3 0.3
Western Meadowlark 0 1 o.2 3 0.7 4  o.kL
Great Blue Heron 0 0 2 0.5 2 0.2
Mallard Duck o) 4 1.0 2 0.5 6 0.6
Lewis Woodpecker 0 0 1 0.2 1 0.1
Townsend's Solitaire 0 0 1 0.2 1 0.1
Sparrow Hawk 0 0 1 0.2 1 0.1
Cooper's Hawk 0 0 1 0.2 1 0.1
Common Nighthawk 0 1 0.2 0 1 0.1
Pintail Duck 0 1 0.2 0 1 0.1
Domestic Chicken 1 0.7 O 0 1 0.1
Domestic Pigeon 0 1 0.2 0 1 0.1
Reptiles
Racer Snake 0} 1 0.2 1 0.2 2 0.2
Bull Snake 0 1 0.2 o) 1 0.1
Unidentified Snake i1 0.7 © o) 1 0.1

Total 150 100.3 397 100.0 k462 99.9 1009 100.1

-7~
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Table 3. Game sand domestic animal remains found among 1,009 prey items
in golden eagle nests, 1965-67, Areas A and B.

Big Game Number % of total prey
Mule deer (fawn) 36 3.6
Mule deer (yearling) 1 0.1
Pronghorn (fawn) L Ok
Subtotal L1 4.1
Game Birds
Sage grouse 27 2.7
Gray partridge 26 2.6
Blue grouse 16 1.6
Unidentified grouse 15 1.5
Ring-necked pheasant 10 1.0
Sharp-tailed grouse 9 0.9
Ruffed grouse 5 0.5
Mallard 6 0.6
Unidentified duck 6 0.6
Pintail 1 _0.1
Subtotal 121 12.1
Domestic Species
Cat 2 0.2
Sheep (lamb) 1 0.1
Sheep (adult) 1 0.1
Chicken L Q.1
Subtotal —2 9.3
TOTAL 167 16.7

_8-
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-9-
domestic species, 0. 5%. Proportions of game and domestic species in
the food habits of eagles changed little from Phase 1 levels. The
greatest increase during Phase 2 occurred in the grouse species which,
as a whole, increased by 4.2%.

Domestic species were found as prey in eyries during both phases
of study. In Phase 1, McGahan (1968) found remains of one lamb in a
nest; during Phase 2, I found remains from one lamb and an adult sheep.
Lambs have been reported as eagle prey in other studies (Gordon, 1955;
Lockie and Stephen, 1959; Lockie, 1964). However, "lamb dumps", sites
where ranchers dispose of carcasses, are common throughout the area
and are usually accessible to eagles so it is possible that the single
lamb found was taken as carrion. It is also probable that the adult
sheep was dead when taken.

Food habits were studied more intensively in Area A than in Area
B (Table 2, Table 20, Appendix)o I collected 771 prey items in Area A
and 240 in Area B. During each three-year phase about 700 prey items
were found and identified in Area A and food habits are compared for
Phase 1 and Phase 2 in Table 4. In 1965-67 there was a decline from
1962-64 levels in the number and percentages of both whitetail jack-

rabbits (Lepus townsendi) and cottontails (Sylvila gus auduboni and S.

nuttalli). An increase was noted in yellowbelly marmots (Marmota flavi-

ventris), Richardson ground squirrels (Citellus richardsoni), and birds

(Table 4, Table 21, Appendix).
Lagomorphs declined by 25.8% while other mammals increased 10.8%
and birds increased 12.9%. Since raptors usually take prey in propor-

tion to prey population densities (Craighead and Craighead, 1956), this
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Table 4. Differences in percent of major prey species found at golden
eagle nests during Phases 1 and 2 in Study Area A.

Phase 1 Phase 2
1962-64 1965-67 Difference¥*
No. % No. % (%) :
Whitetail jackrabbits 248 35.3 176 22.8 -12.5
Cottontails (Desert & Mtn. ) 241 34.3 162 21.0 -13.3
Yellowbelly marmots 53 7.5 112 14.5 + 7.0
Richardson ground squirrels 26 3.7 69 9.0 + 5.3
Black-billed magpie 33 L7 71 9.2 + k4.5
Mule deer (fawn) 2l 3.4 30 3.9 + 0.5
Gray partridge 16 2.3 23 3.0 + 0.7
Blue grouse 15 2.1 15 2.1 0
Other mammals 19 2.7 21 2.7 0
Other birds 2l 3.k 91 11.8 + 8.4
Reptiles 2 0.3 0 ) - 0.3
TOTAL 702 99,7 771 100.0

shift in food habits indicated a decline in Jjackrabbit and cottontail
nunbers which was verified by field observations and by population fig-
ures for Jackrabbits in Montana during this period. Pacific Hide and
Fur, a firm collecting jackrabbits for mink food, processed approximately
88,000 in 1962, 80,000 in 1963, 45,000 in 1964, and only 18,000 in 1965.
Because this venture was unprofitable in 1965, it has been discontinued.
Although these Jjackrabbits were taken throughout Montana, a majority
were taken within 100 miles of the study area.

An epidemic of tularemia may have been the cause of the widespread
decline in rabbits (Jellison, per. comm.). The disease was not reported
in rabbits but cases were found in sheep on the edge of the study area

-10-
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-11-
and in beaver within the area itself.

Because nestling golden eagles in the study area are dependent on
rabbits as a major food source, it would be expected that a severe de-
cline should have some effects on the eagle population.

The production and success of the five individual nests listed in
Table 5 illustrate the dependence of some eagles on a food supply of
rabbits. Nests #7, 13, and 14 were dependent on rabbits for much of
their food supply and were more successful and productive in years of
high rabbit population. Two of these nests, #13 and 1&, were 0.25
miles distant; hence competition between these pairs would have com-
pounded the effects of low food supply. The other nests did not de-
pend on rabbits to as great a degree and both were highly productive
and successful throughout the study.

Reduced rabbit populations would have the greatest effect upon
eagles during a time of critical food availability. This period, when
food availability is lowest compared to food needs for eagles, is from
the beginning of incubation to the time when eaglets are about three
weeks old. During this period only one adult hunts while the other
bird is at the nest; also, during this part of the year few prey species
other than rabbits are available as food. Most incubation occurs dur-
ing mid-March to mid-May while rodents are still hibernating and young-
of-the-year of most prey species are not available. This critical time
would have a greater effect on eyries which are located in marginal
areas where prey is scarce.

In Scotland, Brown and Watson (1964) studied golden eagle popula-

tions in relation to their food supply. They concluded that reductions
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Table 5.

Success and productivity of five golden eagle nests in

relation to the proportion of jackrabbits to total prey

items.

Year 1962 1963 196Lh 1965 1966 1967 1963
Rabbit population levels¥* H H M-H VL L L-M I-M
Eyrie
No.
Productivity 23 2 13 Uy Us X 2
7 |Rabbits/total prey 36/42 30/38 36/L1 - .- -- -
Percent 86 79 88 - - - —_—
Productivity 2o 2 X 2 Uy 2
13 |Rabbits/total prey 15/25 15/63 -- 16/33 -- 7/8
Percent 60 87 - Ly - 88
Productivity 2 25 X U Us 1
14  |Rabbits/total prey 26/32 Wo/u7 -- -- -- 3/6
Percent 81 85 - - - 50
Productivity 1 2 2 2o 1 1oxx 2
5 |Rabbits/total prey 4/10 3/9 0/26 5/20 6/23 4/12
Percent Lo 33 0 25 26 33
Productivity S 2o 22 2 22 ++
18 |Rabbits/total prey 1/b  3/10 o/h 3/8 2/5 ++
Percent 25 33 0 38 Lo ++
*

=

Rabbit population levels were estimated on the basis of percentages
of rabbits found in nests, number collected by Pacific Hide and Fur,
H=high; M= moderate; L=low; Vli=very low.

and field observations.

One of two eggs was taken for pesticide analysis.

Productivity and success were shown in the following way:

S - successful, no. of young unknown; U - unsuccessful nest;
1, 2 - no. of young fledged; Sub—l, 2, 3 - observed number of
eggss; x - nest unoccupied.

=12~
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in food sources did not control the numbers of adult eagles but that
breeding success may be related to food potential. In the present
study prey was scarce during at least one year; in subsequent years
prey populations reached higher levels but did not match 1962-6L
levels. The eagle population showed some failure to nest during the
year when food was scarce; in later years, when food was still not
Plentiful but at higher levels than in 1965, nesting productivity was

still affected.
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POPULATION DYNAMICS

Methods and Techniques

McGahan (1966 and pers. comm. 1965) furnished the locations of
many eyries on the study area. In addition to studying these eyries,
I searched for new and undiscovered nests and checked alternate sites
of the established eyries. Nests were discovered by systematic glass-
ing of cliffs, buttes, timbered ridges, and ravines from vantage points.
Several eyries were found after locating perches which were repeatedly
used by adult eagles as evidenced by 'whitewash"; these perches were
often within sight of nests.

Information on nesting success and productivity was obtained dur-
ing three visits per nest. I made the first nest wvisit during incuba-
tion to count eggs, the second soon after the young hatched, and the
third just prior to fledging. At a few inaccessible eyries, or when
time did not perﬁit early observations, only fledgling counts were

made,

Nesting Population

Craighead and Craighead (1956) found that the number of pairs of
nesting raptors in an area remains relatively stable over a period of
time. The number of known nesting pairs on Study Area A averaged 18
during the study and ranged from 12 in 1965 to 23 in 1967. The low
number of nesting pairs observed in 1965 apparently reflects the fail-
ure of some adults to nest and not a reduction in numbers of adults on
the study area. The apparent increase in the number of nesting pairs

in the last two years of the study might be the result of my discovery

-1~
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of several nests in 1967 which may have been occupied in previous
years but not located.

Fifteen percent of the eagle pairs on the study area failed to
nest during Phases 1 and 2. I estimated the number of non-nesting
pairs during Phase 1 from McGahan's (1966) data by counting those
unoccupied nests which were occupied in other years. During Phase
2, I used the same method in conjunction with direct observation of
those eagle pairs which were present in the area but did not nest.
Estimgtes of non-breeding pairs may have been high in some cases be-
cause alternate nests were not located.

In 1965 there was a sharp increase in the number of pairs that
did not nest. This was not observed during any other year of the study.
More than half of the birds which nested in 1964 did not re-nest in
1965 but apparently were present in the area. The factors responsible
for this change are not exactly known. A decline in the number of
rabbits available as prey in 1965 can be correlated with this decline
in nesting pairs. If other potential depressant factors such as dis-
turbance by the investigator or adverse influence of pesticides had
been responsible for the 1965 decline, they would also have had a de-

pressant effect in other years.

Distribution and Occupancy of Eyries

Distribution: The distribution and occupancy of eyries during

Phase 2 is presented in Figure 1.
McGahan (1968) found maximum and minimum distances between nests
of 10.5 miles and 1.0 miles during 1963-64. I found no difference in

these figures in 1965-68.
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The average density of known nesting pairs on Study Area A was one
pair per 70.8 square miles from 1963 thr;augh 1967. During McGahan's
study (1966) the density of nesting pairs remained relatively stable:
17 pairs were located in 1963 and 19 pairs in 1964; densities were
one pair/Th.2 sq. mi, and one pair/66.3 sq. mi. However, the average
density of known nesting pairs in Area A fluctuated greatly in Fhase
2. In comparison to the earlier figures the same area supported 12
pairs in 1965, 18 in 1966, and 23 in 1967 for average densities of
one pair/105.,0 sq. mi., 70.0 sq. mi., and 54.8 sq. mi. respectively.

Changes in density of known nesting pairs were evident in the Boul-
der River Valley, which drains approximately 20% of Study Area A (Table
6). In 1963, 1964, and 1965, four nesting pairs were found in this
area for a density of one pair/63.0 sq. mi. each year. In 1966, the
density was one pair/L42.0 sq. mi. In 1967, with 10 nesting pairs
the density was one pair/25.2 sq. mi., the highest recorded density
for any portion of the study area.

“Qther investigators have found higher densities than those calcu-
lated for Area A. In Scotland, Lockie (1964) found the average density
of 13 pairs to be one pair/22.1 sq. mi. In the same country, Watson
(1957) found 1L pairs to have an average density of one pair/15.7 sq.
mi.

One hunting range used by golden eagles was mapped. In late June
and early July of 1965, I observed the hunting area of pair #5 from
dawn until dark for 10 days. Although the eagles spent much of their

time in 13 sq. mi., the total area used by this pair was 32 sq. mi.
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Table 6. Nesting densities in two portions of Area A.

Boulder
River Valley Rest of Area A Total Area A
(252 sq. mi.) (1008 sq. mi.) (1260 sq., mi.)

Pairs Density Fairs Density Pairs Density

1963 (McGahan, 1966) L 63.0 13 77.5 17 4.2
1964 (McGahan, 1966) L 63.0 15 67.2 19 66. 3
1965 L 63.0 8 126.0 12 105.0
1966 6 k2.0 12 8h.0 18 70.0
1967 10 25,2 13 76.2 23 54.8

Density = One pair/ sq. mi.

The total land area used by golden eagles has been mapped in two
other studies conducted in the U. S. 1In Colorado the average area per
pair was 36 sq. mi. (Arnold 1964). Dixon (1937) found the areas used
by 27 golden eagle pairs in California ranged from 19 to 59 sq. mi.
(average 36 sq. mi.). He cbserved that those eagles hunting over land
planted to crops had large ranges, presumably due to lower food avail-
ability.

The distribution and density of eagles on different portions of
Area A was probably due to food availability. Raptors hunting over
intensively cultivated or relatively barren land require larger areas
to capture the same amount of prey than raptors hunting over areas
where prey is more abundant.

Occupancy: An eyrie was considered occupied if an eagle pair made
an attempt to nest as indicated by direct observation or field signs.
The number of nests which were occupied varied from 12 in 1965 to 23 in

1967 (average 18).

Changes in population levels may be caused if paired eagles do
: _17-
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not nest annually. Watson (1957) watched five pairs for 13 years in
Scotland, and found that each pair failed to breed at least once dur-
ing the period. Spofford {196L) reported that it was unusual for breed-
ing pairs to nest every year in the U. S.

In the present study, nesting attempts have been sporadic --

some nests are occupied yearly, others only occasionally. Three of
nine nests under observation from 1962-68 were occupied for all seven
years (Table 7). Other nests showed at least one year of non-nesting.
Table 7. Number of years that 31 nests were occupied compared with

the number of years these nests were under observation,
Area A’ 1%2-680

Years under Number of years nests were Total
observation occupied while under observation nests
7T 6 5 4 3 2 1

7 3 2 1 1 1 1 1 9

6 i1 3 1 1 2 -- 8

5 EL 1 1 - - 3

L 3 == == 1 4

3 i == -- 1

2 L 2 6
Total nests 3 3 5 66 L4 7 3 31

Nesting density figures may have been affected by eagles using
alternate eyries which were not found by the investigator. Kagles
often build alternate eyries; McGahan (1966) found one nest with seven

alternates. Thirty-one paired eagles and their nests were under
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observation on Area A in Phase 2. Eighteen of these had from one to
three alternate nests; 13 pairs had no known alternate nests. Thirty
alternate nests were often repaired and/or lined yearly and sometimes
used. When a regularly used nest was unoccupied during a year, an
intensive search was made for alternate nests. In at least three
instances no alternate nests were found for unoccupied nesting sites
until the second or third nesting season after the search began.

Changes in nesting density and occupancy may be partially due
to mortality of adult birds in wintering areas. Band returns from
McGahan's (1966) study indicated that sub-adult eagles from the Liv-
ingston area migrate as far as Texas. Adult birds have been observed
on the study area during most of the year, and at least some adult
birds were residents of the area.

Poisoning of golden eagles in their wintering areas could cause
changes in occupancy of nests. According to Ward and Spencer {1947),
1080-poisoned baits theoretically can kill golden eagles only in
high (5 mg/kg) dosages, but other investigators (Rudd, 1966; Rudd
and Genelly, 1957; Robinson, 1953) reported that eagles were killed
at coyote bait stations. The 1080C-poisoning of adult birds with coy-
ote baits, which were common in the study area, may have caused some
mortalities. Two ranchers volunteered information that "government
hunters” had approached them to ask permission to place 1080-treated
coyote baits on their land. Both ranchers stated that eagles fre-
quented their land prior to placing of poison baits, but not afterwards.
Baits were placed near one nest which was successful for two years
prior to setting of poison baits, but eagles have not been observed

in the area since.
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Poisoning or other winter mortality may remove some adults from
the breeding population but breeding density and occupancy have re-
mained relatively stable except for 1965.

Disturbance by the investigator did not generally affect occu-
pancy of nests. Data in Table 8 indicate that 68% of all nests have
either been occupied every year since discovery or every year except
one. Also, 85% of all nests visited were occupied the following year
in all years except 1964 when the percent was 56. It was during the
winter of 1964-65 that the rabbit population suffered a severe decline,
and the high percentage of non-occupancy in 1965 may be due to a de-

cline in food availability.

Nesting Success

A nesting effort was considered successful if one or more eaglets
fledged. Of the 109 known nesting efforts in Area A, 83 or 76.1%
were successful during 1963-68. An additional 14.7% of the nesting
efforts were not successful as a result of natural causes ~- eaglets
which were found dead below nests, eggs that failed to hatch, or
eanglets that disappeared from the nest. Half of the remaining 10
unsuccessful nesting efforts (9.2%) were due to human disturbance.
The other five were thought to have resulted from human disturbance
but evidence was not conc¢lusive.

Nesting success during 1965-68 declined from 1963-64 levels
(Table 9). The average nesting success for the two-year period of
Phase 1 was 91.7% (McGahan, 1966); for the first two years of Phase
2 it was 76.7%, a 15% decline. During the next two-year period,

neating success dropped to 6208%0 The average nesting success of
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Table 8. History of occupancy and fledging success of 31 golden eagle
eyries, Area A.

Phase 1 Phase 2 Fledglings No. fledged/
Nest 1963 1964 1965 1966 1967 1968 | produced occupancy

S X X X X 0.33
(u) (s) (8) (8) (v 0.71
X X X U U 8]
(s) S S
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2L
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28
29
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Tot.
Occ.
Nests 17 19 12 18 23 20 118

Designations S = successful nesting attempt; U = unsuccessful nesting
attempt; X = unoccupied; () = nested in alternate nest;
- = not determined

NOTE: Identify of pairs of eagles using alternate nest sites could
generally be determined by behavior traits, defense of former
nest sites, specific plumsge characteristics, and their spatial
distribution in relation to other pairs of eagles.

During their first year of observations, nests #15, 16, 17, 18,
and 26 were successful but the number of young fledged was not
known. Thus, these five nesting efforts were not included in
calculation of number of young produced or number fledged/
occupancy.
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Table 9. Nesting success of golden eagles, Area A, 1963-68.

Phase 1 Phase 2
1963 1564 1965 1966 1967 1963
Successful nests/
nesting attempts 15/17 18/19 9/12 14/18 16/23 11/20
% nesting success 88.2 oly. 7 75.0 77.8 69.6 55.0

five eagle pairs in Scotland was 66% over a 1l3~-year period (Watson,
1957).

Histories of occupancy and fledging success, Table 7, showed that
some nests, such as #5 and 18, were occupied yearly, were successful,
and produced a high number of fledglings; others in the same study
area were generally unsuccessful and fledged few eaglets. Continued
occupancy was not necessarily correlated with success.

During Phase 2 the population was dependent on certain individ-
ual pairs for production of young (Table 8). Pairs with low or mar-
ginal success may have needed more favorable conditions than prevailed
in order to fledge young.

Human disturbance was the direct cause of one nesting failure
each year from 1963 to 1966; during 1967 and 1968, two and four fail-~
ures respectively were attributed to man.

Even if all study-connected mortalities were credited as success-~
ful, the Phase 2 success levels would be at least 10% lower than Phase
1.

Natural causes of nest failure exerted a greater influence than
did human disturbance. In the two years during Phase 1, there was 1
nest failure attributed to natural causes; in Phase 2, there was a

total of 15 in four years--2, 3, 5, and 5 respectively, This decrease
-22.
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in nesting success may be due to one or more factors such as severe
climatic conditions, variation in availability of prey, or the in-

fluences of pesticides.

Produetivity

Three measures of production by nesting eagles were recorded:
(1) nuber of eggs laid, (2) number of young hatched, and (3) number
of eaglets fledged. All three indices of production were observed
during the 1967 nesting season. Egg counts, but not hatch counts,
were made in 1964 and 1965. Each year from 1963 through 1968 the
number of eaglets fledged were observed.

Clutch size: Fifty clutches were counted. Twenty clutches

were counted in 1964 and 1965 by McGahan (1968), and I counted 30
from 1966 through 1968. One-egg clutches represented 2%, two-egg
clutches 90%, and three-egg clutches 8%.

Clutch sizes from seven different studies are compared in Table
10. The average clutch size of 2.0 eggs per nest found in this study
may be a minimum figure. Because laying of multiple egg clutches may
take place over a three to six day period, data on clutch counts which
I made during early incubation may have biased the smaller clutch sizes.

Differences in clutch size between the two phases of this study
were not great. During the entire study there were five observed
departures from 2.0 eggs per clutch. Clutches of three eggs were ob-
served in three nests during 1964 and one nest in 1968; a single one-
egg clutch was found in 1965.

Hatching success: Hatching success was determined by visiting

eyries within five days after eaglets hatched. Hatching success was
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Table 10. Comparison of clutch sizes from different areas.

Percent of different
clutch sizes

Area and Number of
investigator clutches in sample 1 egg 2 eggs 3 eggs
California Unknown 10 80 10

(Dixon, 1937)

California Unknown 35 60 5
(Hanna, 1930)

California 21 19 67 1k
(Slevin, 1929)

Scotland 82 18 T2 10
(Gordon, 1927)

Colorado 5 20 80 0
(Jollie, 1943)

Montana 20 5 80 15
(McGahan, 1968)

Montana 30 0 97 3
(Present Study)

estimated to be at least 85% during Phase 2. Hatching success was ob-
served at 14 nests during 1967. In these nests, 24 (86%) of 28 eggs
hatched (1.71 eaglets per nest). If the established 2-egg clutch size
is projected for all nesting efforts during Phase 2 and the number of
young hatched is determined by subtracting unhatched eggs from laid
eggs, 127 (87%) of 146 eggs hatched. Because the number of unhatched
eggs was not recorded for Phase 1, I did not estimate hatching success
for that period.

The number of unhatched eggs found in nests provides a good estim-
ate of hatching success. Unhatched eagle eggs usually remain unbroken
from 4 to 6 weeks after incubation ceases. The four eggs which failed

=24
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to hatch in 1967 were collected 2 to 6 weeks after the adults abandoned
the nests and were still whole at the time of collection. Most of the
eggs that failed to hatch were probably found.

The literature includes little information about hatching success.
McGahan (1968) and Wellein and Ray (196L4) calculated the minimum num-
ber of young hatched by adding the number of young fledged to the num-
ber of known nestling mortalities. This method does not take into
account the proportion of young which may hatch and then disappear.

Eight of 24 nestlings disappeared from eyries in 1967 and were
presumed dead, 5 other nestlings were found dead on nests, and 11
eaglets fledged. Thus 37.5% of the young disappeared from these nests.

Fledging success: One hundred twelve young eagles fledged during

1963-68 or an average of 1.1l eaglets per occupied nest (Table 11).
Occupied nests included both those that were successful and those
that were not. Fledging success from successful nests only averaged
1.43.

Pairs associated with 10 nests produced most of the fledglings
during the study periods (1962-68). These 10 pairs accounted for 37%
of all nesting attempts and 60% of the young fledged (Table 8). The
young fledged from these nests averaged 1l.51 per nesting effort.

In the southern Rocky Mountains, Wellein and Ray (1964) reported
1.51 fledged eaglets per nesting attempt from 23 nests. In Scotland,
Watson (1957) observed that eagle pairs from 5 nests produced an aver-
age of 0.8 young per pair over a l3-year period.

Other investigators have reported mean fledgling production only

from successful eyries. In Scotland, Brown and Watson (1964) recorded
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1.2 eaglets per nest from 97 successful eyries and Sandeman (1957)
recorded l.4 fledged from 19 eyries.

During Phase 2 I found the average number of young fledged ver
nesting effort declined steadily. The average number of eaglets
fledged dropped from 1.36 in 1963-64 to 1.11 in 1965-66 and to 0.95
in 1967-68 (Table 11). During Phase 1, McGahan (1966) recorded 32
nesting efforts resulting in 43 fledged eaglets. During the next
four years my data showed that 68 nesting efforts yielded only 67
fledglings, a drop of 37.6%.

Three factors could have caused this downward trend: (1) influ-~
ence of pesticides, (2) influence of the investigator, or (3) fluctua-
tions in the availability of food. The influence of pesticides can
be diécounted because there was not an increase in kinds or amounts
of pesticides applied to the area in 1965 (the first year of the
decline).

Human influence accounted for a 9% decrease in young fledged dur-
ing Phase 2. This parameter includes three unhatched eggs and three
eaglets taken for pesticide analysis. Even if these mortalities were
counted as fledged eaglets, the number of young fledged per nesting
during Phase 2 would still have been 16% below Phase 1.

Lack (1966) and Brown and Watson (1964) suggest food as a possi-
ble factor limiting breeding success or yourg fledged per eyrie. It
is probable that changes in availability of food, specifically popu-
lation declines of Jackrabbits and cottontails, were responsibvle for
the fledgling decline during my study. Food availability and its

relation to golden eagle population dynamics are discussed in more
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Table 11.

Summary of young fledged per occupied nest*, Area A, 1963-68.

Phase 1%* Phase 2 6-year
Avg.
2-year 2-year 2-year
1963 1964 Avg. 1965 1966 Avg. 1967 1968 Avg.
Nesting efforts 13 19 16.0 12 17 14.5 20 20 20.0 16.8
Young fledged 19 23 21.0 13 18 15.5 19 19 19.0 18.7
Average 1.46 1.26 1.34 1.08 1.06 1.07 0.95 0.95 0.95 1.11
fledged/nest

*Note: The number of young fledged for these nests is accurate; however, nesting efforts

or young fledged from nests which were used experimentally or not located until
after the young had fledged were not included.

**Date of Phase 1 after McGahan, 1966.
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detail in a later section.

Mortality
From 1962 to 1968, 52 golden eagles were found dead (Data from

1962-64, McGahan, 1968). Nestlings accounted for 76.5% of these;
juveniles, 7.8%; adults, 5.9%; and those of unknown age, 9.8%. Be-
cause of their wide-ranging habits, immature and adult mortalities
are less apparent than nestling mortalities and are probably more
prevalent than the data suggest (McGahan, 1966). Brown and Watson
(1964) estimated that 75% of young golden eagles may die before
reaching sexual maturity, which for golden eagles is about 4 years
(Jollie, 1947).

From 1962-6L4, McGahan (1966) found 22 dead golden eagles: 1L
nestlings, 2 juveniles, 2 adults, and 4 of unknown age. Of the 14
nestling mortalities, 11 were found in Area A. Six of these 11 were
caused by man, 1 by the investigator. Causes of death for the other
five eaglets were unknown (Area A nestling mortalities are included
in Table 12).

Thirty mortalities were recorded in Phase 2: 25 nestlings, 1
four-month old juvenile, 1 ten-month-old juvenile, 2 adults, and 1
of unknown age. Of the 25 nestling mortalities (Table 12), three
were a direct result of the study. Of the remaining 22, 1 was killed
by its nest-mate, 2 were taken from the nest by an unknown person,
and the causes of death for the other 19 were unknown. Seven were
found dead in or below their nests, but the other 12 disappeared.
The largest number of mortalities was recorded in 1967, primarily
because nests were kept under closer surveillance from hatching to
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Table 12. Summary of known nestling mortalities and eggs failing
to hatch, Area A.

Year Known nestling mortalities Unhatched eggs
1962 2 ?

1963 3 o)

1964 6 ?

1965 y 2

1966 2 31
1967 17 61

1968 2 —L

Total 37 18

1 one egg each from two-egg clutches of three pairs were
taken for pesticide analysis. One was taken in 1966;
two in 1967.

fledging.

In Table 13 the changes in nestling numbers between hatching
and fledging are reviewed. If the observed clutch size from 5C known-
size clutches is projected for all clutches except when otherwise
known (i.e. the single l-egg clutch and three 3-egg clutches) and the
established hatching success applied, the number of eggs hatched can
be estimated. Of the eaglets hatched 24.9% céuld not be accounted
for and were presumed dead (range 37.5% to 10.0%). The low figure
was observed during 1967, when I was in the field during the entire
nesting season, and, as a result, recorded mortalities of young eagles
which otherwise would have disappeared from the nest. The figure is
higher in other years when observations did not begin until June.

-29-
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Table 13, Summary of fate of nestlings*, Area A.

1963 %% 1964 %% 1965 1966 1967 1968
No. % No. % No. % No. % WNo. % No. %

Eggs hatched 26 Lo 21 32 Lo 3k

Nestlings
found dead 3 11.5 4 10.0 2 2.5 2 6.3 17 bL2.s5 L 11.8

Nestlings
that fledged
(observed) 19 73.4 23 57.5 13 61.9 18 56.3 19 L7.5 19 55.9

Nestlings

unaccounted

for and

presumed dead 4 15.3 13 32.5 6 28.6 12 37.5 L4 10.0 11 32.h

* The number of eggs laid were projected from clutch sizes calculated
from 50 clutch counts; the number of eggs hatched was determined by
subtracting the unhatched eggs from the projected clutch size of 2.0
eggs/nestq For additional information on hatching success see page
23.

*¥Date from McGahan, 1966

Because TL% of the mortalities occurred within the first momth after
hatching (Table 14), many deaths were missed if the nests were not
visited until later in the nesting season.

The number of eggs which failed to hatch was not recorded during
Phase 1.

In Phase 2, 18 egzs did not hatch on Area A (Table 12). Three
of these were taken from incubgting eagles and were presumed to be
viable. Three eggs were found under an adult which died on the nest.
Only ome of the remaining 15 eggs in Area A was found in a successful
nest; all others had been abandoned. It was not known what proportion
of the eggs which were abandoned were infertile, but at least some were
fertile and contained well developed embryos.
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Table 14. Ages at death for 12 eaglets that died in 1967, Area A.

Age (days) 1-10 11 -20 21-30 31 -2Lko

Number 7 1 1 3

Percent 58 8 8 25
-31-
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SURVEY OF PESTICIDES

Because there is evidence that pesticides in the environment
influence raptor population dynamics (Carson, 1962; Lockie and
Ratcliffe, 1964; Rudd, 1966; Hickey, 1969), this factor was exam-
ined in detail. A survey was conducted to determine what pesticide
residues were present in: (1) major prey species of golden eagles;

(2) the tissues of golden eagles; and (3) the eggs of golden eagles.

Methods and techniques

Four major prey items were analyzed: whitetail jackrabbits,
desert and mountain cottontails, yellowbelly marmots, and Richard-
son ground squirrels. These prey species constituted 67.1% of 1,009
prey items collected at eagle nests during 1965-67. Collectively,
they represented approximately 72% of the food biomass of the nest-
ing eagles.

During the 1967 field season, 9 tissue samples from jackrabbits
and 10 from the other three items of prey were collected at eagle
nests. Another eight tissue samples were ccllected from free-roaming
Jackrabbits for comparison with the analyses obtained from those
collected at nest sites.

Tigsue samples were taken from red-tailed hawks (Buteo jamai-

censis) as well as from golden eagles. Golden eagles and red-=tailed
hawks prey on some of the same animals so they would be exposed to
roughly the same pesticide concentrations. Using the hawks allowed
a greater sample size and a better indication of pesticide levels on

the area while minimizing the number of eagles that had to be shot.
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Twelve nestling eagles were analyzed; of these, seven samples were
collected by taking fat biopsies from live birds and five included
pectoral muscles from birds found dead in nests. Two samples of
pectoral muscles were taken from fledgling eagles that were sacri-
ficed; another muscle sample was taken from an adult found dead near
& highway. Ten tissue sampleé were taken from red-tailed hawks;
five were of adipose tissue taken by the biopsy technique; five
wére pectoral muscle tissue from two dead birds, two sacrificed
birds, and one fledgling that was shot. One muscle sample was also

taken from an adult great horned owl (Bubo virginianus).

The biopsy technique, developed by Seidensticker (1968), in-
volved making a 2 cm incision along the posterior mid-line of the
keel and removing adipose tissue with a forceps and scalpel. The
tissue was then put in a small, glass, screw-cap vial and frozen
within two hours after removal.

Nineteen raptor eggs were collected and analyzed. Three were
taken from golden eagles; two were from red-tailed hawks; and three
were from great-horned owls. The remaining eleven eggs were found
in abandoned nests: seven eagles; three red-tailed hawks; and one

prairie falecon (Felco mexicanus).

All tissue and egg samples were frozen in vials or double plas-
tic sacks soon after collection and kept frozen until analyzed.
Analyses were conducted for chlorinated hydrocarbons and were per-
formed by the Wisconsin Alumni Research Foundation, Madison, Wiscon-

sin, using gas chromatography. (See appendix for details.)
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Study area levels

Levels of chlorinated hydrocarbon pesticides (DDT, dieldrin,
heptachlor, and chlordane) applied to the area are not known.

Information from different sources concerning pesticides applied
to agricultural land were contradictory. The study area included
one-third of Park County. In 1967 cne merchant in this county sold
enough pesticides to spray 26,000 acres to ranchers who applied their
own spray. oSeveral other merchants in the county also sell pesti-
cides and three aerial spray companies serve the area. In spite of
these facts, the county extension agent (pers. comm.) estimated that

only 27,000 acres were sprayed in Park County.

Prey residue levels

The major chlorinated hydrocarbon pesticides used within the
last five years were dieldrin and chlordane; others marketed in the
area included DDT, aldrin, lindane toxaphene, and heptachlor. The
metabolites of these pesticides which were found were: DDD (TDE),
and DDE from DDT; dieldrin from dieldrin and aldrin; and heptachlor
epoxide from heptachlor. Heptachlor epoxide is also one of the meta-
bolites of chlordane (Menzie, 1968).

Table 15 summarizes the results obtained from 48 specimens of
the major prey of nesting golden eagles in the primary study area.
Total mean residues from prey found at nests calculated at a wet weight
basis, ranged from 0.053 ppm in cottontails to 0.102 ppm in Jjackrabbits.
All prey items except one Jjackrabbit showed dieldrin residues, and
none of the prey analyzed contained heptachlor epoxide. The mean

amount of extractable lipids in the tissue sample varied from 0.27 to
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Table 15. Pesticide residues in prey found in golden eagle nests, Area A, 1967.

Species No.

Yellowbelly 10
Marmots

Richardson 10
Ground Squirrel

Cottontails 10
(Desert & Mtn.)

Cottontails* 1
(Desert & Mtn.)

Whitetail 9
Jackrabbit
Whitetail 8
Jackrabbit*

*These prey species were either shot or picked up

Dieldrin Total
Lipid as % DDE ppm TpE! ppm DDT ppm ppm Ppm
of wet wt. wet wt. wet wt. wet wt. wet wt., wet wt,
Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range
1.95 0.43~- 0.023 0.033- 0.018 0- 0.016 0- 0.008 0- 0.065 0.020-
2,51 0.02 0.020 0.020 0.02 0.073
8.38 0.27- 0,038 0.020- 0.021 0.020- 0.016 0- 0 - 0.075 0.040-
55.2 0.061 0.030 0.032 0.112
1.00 0.31- 0.024 0.020- 0.021 0,020- 0.008 0- 0 -— 0.053 0.040-
4,81 0.041 0.029 0.020 0.069
5.59 - 0.020 - 0.020 - 0.020 — 0 - 0.060 -
0.72  0.31- 0.025 0- 0.022 0- 0.035 0- 0.002 0- 0.102 0-
1.30 0.032 0.030 0.16 0.02 0.21
0.94 0.37- 0.018 0.01- 0.017 0.01- 0.007 0- 0.001 0- 0.036 0.020-
3.30 0.02 0.02 0.02 0.01 0.061

TDE is the same residue as DDD.

as road kills.
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55.2 percent (wet weight).

Raptor levels

All pesticide levels analyzed in raptors' tissues and eggs were
relatively low. The chlorinated hydrocarbon residues detected in
eggs and tissues of golden eagles and other raptors are presented
in Table 16. All the eagle samples included DDT or its metabolites
and dieldrin, but heptachlor epoxide was missing in nestling fat and
pectoral muscle. The highest total residues were found in the adi-
pose tissue of a nestling.

Concentration ratios of mean prey residue levels compared to
mean levels in eggs ranged from 1:5 to 1:18. When comparing prey
with juvenal muscle (including both nestlings and fledglings), the
ratio ranged from 1:3 to 1:84. Only tissue from one adult was meas-
ured; residues detected were lower than those found in the same tis-
sue of Jjuvenile birds.

Tissue biopsies which were taken from golden eagles and red-
tailed hawks contained mostly sub-cutaneous adipose tissue. Since
chloringted hydrocarbon residues are fat soluble and concentrate in
fat, these residues are much higher in adipose tissue than in other
body tissues. For this reason, fat biopsies may be a valuable tool
to determine presence of pesticide residues but cannot be used to

determine critical levels.

Residue levels in golden eagle eggs, nestlings, and adults.

Table 17 shows the mean pesticide residues found in éagles, their

eggs, and young in 1966-67. The total residues in this present study

were lower than one part per million, wet weight, with the exception
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Table 16. Pesticide residues in raptor tissues and eggs, 1967.%*
Dieldrin Total
Lipid as % DDE ppm TDE ppm DDT ppm ppm HE. ppm ppm wet
Golden Eagle of wet wt. wet wt. wet wt. wet wt. wet wt. wet wt, wt.
Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range
Adult muscle - -~ 0,23 - 0,071 == 0,058 -- 019 -- 0,051 -- 0.60  --
1966
Fledgling muscle 2 1,43 1.k2-  o0.45 0.20- 0.27 0.13  0.043 0.025- 0.017 0.017- 0.042 0.010- 0.88 0.ke-
1.hks 0,70 0.42 0.062 0.017 0.075 1.2k
Nestling fat 14,31 2.00- L4.30 0.,29- 0.68 0- 0.24 0- 0.21 0.10- 0 - 5.47 0.69-
(biopsy) 34.8 10. 7 3.85 3.50 0.45 18. 4
Nestling musclel 1.60 0.3k 0.15 0.038- 0.032 0.02- 0.03% O0-  0.041 0.020- O -- 0.26 0.108-
2. 87 0.42 0. Ok 0.11 0.10 0.48
Viable eggs -- -~ 0.35 0.18- 0.021 0.010- 0.029 0.012- 0.09 0.060- 0,069 0.060- 0,565 0,365~
0. 50 0.038 0.053 0.15 0.078 0.739
Non-viable eggs L - - 0.35 0.13- 0.015 0.010- 0.013 0.010- 0.25 0.081- 0,057 0.046- 0.726 0, 36k-
0. 57 0.020 0.023 0.38 0.080 0. 846
Non-viable eggs 3 - --  0.23 0,09- 0.007 0- 0.003 ©0- 0.15 0.02- 0.16 0.08- 0.54 0.19-
1966 0.31 0.01 0.01 0.24 0.20 0. 7h
Red-tailed Hawks
Fledgling musmle?l 1Lkt  -- .25 - 0,020 -- 0,080 -- 0.16 - 0 -- L51 -
Nestling muscle 4 3.59 1.66- 3.93 1l.27- 0.75 0.20= 0.77 0.20- 0.50 0.10~ 0 - 5.95 2.97-
(biopsy) 7.52 6.87 1.10 1.30 1.40 10. 37
Eggs, viable e == 0.92 0.24- 0.034 0.028- 0.053 0.047- 0.30 0.16- 0.16 0.09- 0.97 0.,73-
1.60 0. 040 0. 060 0. bk 0.2k 2.22
Egegs, non-viable 3 -  -= 4,19 1.08- 0.218 0.035- 0.263 0.013- 0.39 0.23- 0.51 0.3k 5.5 1.82-
10.3 0. 58 0.75 0.63 0.80 13.06
Great Horned Owl
Adult muscle - -- 7.33 -- 0.62 - 1.24 -- 0.15  -- 0.19  -- 8. sk -
Eggs, viable - -- 0.7% 0.36- 0.34 0.012- 0,020 0.015- 0.16 0.11- 0,045 0.020- 1.00 0.72
1.13 0.075 0.025 0.24 0.23 1.58
Prairie Falcon
Egg, non-viable 1 - - 2.35 - 0.010 -- 0.040 -- 0.23 - 0.70 - 3.33 -

* A1l samples were collected in 1967 unless marked otherwise,
1 The five nestling golden eagle muscle samples were taken from birds that died on the nest.

2 Shot with .222 magnum rifle



Table 17. Mean pesticide residues* found in golden
Areas A and B.

and adults. 1966-67.

eagle eggs,

young

No. DPE TDE DDT HE ©Dieldrin Total
Tissue Source Samples Year ppm pPpm Ppm ppm ppm ppm
1 eggs 3 1966 0.23 0.03 0.003 0.16 0.15 0.573
1 eggs L 1967 0.35 0.020 0.017 0.078 0.33 0.795
2 eggs 3 1967 ©.35 0.021 0.029 0.069 0.09 0,565
Fat nestlings 7 1967 2.87 0.74 0.27 0.19 0.01 L.08
Breast adult 1 1966 0.23 0.071 0.058 0.051L 0.19 0.60

* All residues measured as ppm wet weight.

abbreviagted as HE.

1l. Flended dead embryo and egg contents.
2. Blended viable embryo and egg contents.

Heptachlor epoxide is

of nestling birds. Nestling bird levels were also low because samples

were collected from adipose tissue,

a place where chlorinated hydro-

carbone accumulate. Dieldrin levels were highest in unhatched eggs of

1967 but were still below the one ppm level which Lockie and Ratcliffe

(1964} set as causing infertility or egg breakage by adult golden eagles

in Scotland.

=38~
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POSSIBLE CAUSES OF CHANGES IN POPULATION CHARACTERISTICS

The changes in nesting population, distribution, and occupancy of
eyries, nesting success, and productivity were probably due to a number
of envirommental factors or to the influence of the investigator. En-
vironmental factors which could cause changes in golden eagle population
dynamics included the influences of prey availability, pesticide con-
tamination of the environment, climate, and land use changes. Distur-
bance by the investigator included visiting nests from the pre-incubation
period to after fledging, removing an egg from each of three nests, and

causing the death of three young.

Environmental factors

Variation in availability of prey: Food availability has long

been recognized as a population regulating mechanism. Within the last
15 years Southern (1954), lLack (1966), and Pitelka et al. (1955a, 1955b)
have discussed this phenomenon in raptors. As the present study pro-
gresged, it became increasingly apparent that variation in prey popula-
tion pumbers was probably an important factor in golden eagle population
dynamiczs on the study area.

Craighead and Craighead (1956), studying raptor-prey relation-
ships, concluded that "a nesting raptor population takes its prey in
proportion tc the prey population densities”. Prey items found in eagle
nests during 1962-€4 showed considerable variation from those found in
1965-67 (Table 4). Numbers of rabbits, both whitetail jackrabbits and
cottontails (desert and mountain), dropped from 69.6% of total prey in
1962-64 to 43.8% in 1965-67, a loss of 25.8%. Yellowbelly marmots,
Richardson ground squirrels, black-~billed magpies, and grouse made up

-39-
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most of the deficit. The shift in food habits from rabbits to other
prey sources indicated a drop in jackrabbit and cottontail numbers.

lack (1966) suggested four ways in which a raptor population
could compensate when its major food source suffers a sharp decline:
(1) migration; (2) failure to breed; (3) enlarged territories, thus
theoretically enabling a pair to have access to more prey; and (4)
lower production of eggs and young.

It was not known whether any eagles left the study area. Failure
to breed probably did occur on the area, especially in 1965. Eagles
were seen near many of the known eyries which were not occupied. It
was8 not known if these were non-nesting eagles or if they nested in
alternate eyries not located by the investigator.

Except for 1965 and 1966 the total number of eagles on the area
was nearly constant (Table 18). This table does not include non-nesting
pairs seen in the area because such information was not available for
Phase 1. However, from 1965-67 four pairs were thought to be non-
nesting each year; not enough time was spent on the area in 1968 to
determine non-nesting. The total number of eagles on the study area
was static except in 1965 when the rabbit population declined. The
successful to unsuccessful ratios for 1967-68 indicate that when high
numbers of adult birds were present and rabbits were not abundant there
were many unsuccessful nesting efforts and low numbers of young fledged
per nest.

The expected reaction of an eagle population to severe decline in
prey abundance would be failure to nest if the eagles did not migrate.

At s8lightly higher prey densities they would nest with low rates of
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Table 18. Number of eagles in summer population, 1963-68, Area A.

Ratio of

successful to

unsuccessful Young
Year nesting pairs fledged Total
1963 (McGahan, 1966) 15/2 26% 60
1964 (McGahan, 1966) 18/1 24 62
1965 9/3 13 37
1966 1L/ 19% 55
1967 16/7 18 6L
1968 12/8 19 59
Mean 14.0/4.2 20.0 56. 2
Range 9-18/1-8 13-26 37-64

* For nests known to be successful but observed after young had
fledged; the number of young was interpolated by applying produc-
tion rates from 2ll other successful nests during that year.
Adjusted figures included seven young from four nests in 1963,
and one eaglet from one nest in 1966.

nesting density, success, and productivity. Table 19 outlines the re-
lationships of the abundance of rabbits to the number of nesting pairs
and to the number of young fledged by those pairs. Rabbits were at a
population high in 1963; the number of nesting pairs known in Area A
was 17 (two more nests were found the next year) and the number of
young fledged per occupied nest was high. The percent of rabbits taken
in 1964 was only slightly higher than in 1965; the number of nesting
pairs was 19 and production was still at a fairly high level. In 1965
rabbits declined severely; at least seven pairs of eagles did not nest

=4]1-
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Table 19. Rabbits as percent of total prey compared to the number of
nesting pairs and the young fledged per nesting effort.
1963 196k 1965 1966 1967 1968

Rabbits - 71.9 68.2 37.8 37.9 50.0 55.0
& of total prey

Pairs nesting 17 19 12 18 23 20

No. fledged/ 1.46 1.26 1.08 1.13 0.95 0.95
nesting pair

* In 1968 only a minimum time was spent on the study area. Food habits
were determined from 54 prey items collected from 10 nests. Four
eagle nests located in hard-to-reach areas were not examined so it
is not known whether these pairs nested.

and productivity fell to 1.08 young fledged per nest. In 1966 rabbits
found at nests were still in lower proportion than in 1962-6k4; however,
as many eagles nested as in previous years but they fledged proportion-
ately fewer young. During 1967 and 1968 rabbits were regaining earlier
densities and the number of nesting pairs surpassed previous levels.
However, since rabbits were still not numerous, the increased number
of nesting pairs mey have competed for existing rabbits and thus the
number of fledglings per nest was even lower than before. It was not
known whether &8ll eagles in this study maintained mutually exclusive
hunting ranges. Another factor which was at least partly responsible
for the decline in productivity in 1967-68 was human disturbance; if
this factor was not present, the number fledged per occupied nest would
have approached the 1965-66 level.

Influence of Pesticide Residues: Chlorinated hydrocarbon residues

found in the major prey of golden eagles were low, the highest mean

“ho_
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being 0.10 ppm wet weight. Most residues detected were metabolites of
DDT; small amounts of dieldrin were found.

Nine muscle samples of whitetail Jjackrabbits were taken from
eagle nests and another seven which were shot and one which was taken
as a road kill served as controls. An analysis of variance was cal-
culated for the two groups and they were found to be significantly
different gt the 95% level. The control jackrabbits had lower levels
of pesticides with mean total residues of 0.102 ppm as compared to
0.36 ppm for those from nests. This indicates that jackrabbits with
higher pesticide residue levels are more susceptible to predation than
those with low levels. Changes in the learning ability of mice fed
pesticides in their diet have been reported by Shellhammer (1961).
Changes in behavioral patterns which might increase the vulnerability
of the rabbits may result from sublethal residues of chlorinated hydro-
carbons.

Residues in the eggs were low in golden eagles but were higher
in great horned owls, red-tailed hawks, and prairie falcons. This
may be explained in two ways: (1) adult eagles in the area are prob-
ably not migratory while the latter two species are, thus enabling
them to pick up higher residues in other more highly contaminated
areas (great horned owls are probably not migratory so differences
are primarily due to the second explanation) or (2) the prey of eagles
and the other raptors differ sufficiently with the latter taking more
highly contaminated prey. Both factors probably contribute to the
differences in contamination.

Residues were more concentrated in eggs than in prey species but

the ratios found in this study were lower than those found in Alaskan
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peregrine eggs when compared to their prey (Cade, et al., 1968).

The chlorinated hydrocarbon residues detected in eggs in this
study were lower than levels which were thought to have been respon-
sible for a decline of bréeding success of golden eagles in Scotland
(Lockie and Ratcliffe, 1964). In the Scottish study, dieldrin in
excess of 1 ppm was thought to be correlated with infertile eggs or
egg breakage by adults. In the present study, viable eggs of raptors
had less total mean residues than non-viable eggs but the sample size
was so small that no conclusions could be reached.

Residues from juvenile birds were taken from live nestlings (by
biopsy) and from fledglings and nestlings which had died in nests.
Birds that died in nests had lower levels than live birds which were
biopsied, indicating that none of these nestling mortalities were
pesticide-caused. Concentrations of pesticides were approximately
similar in eggs and Jjuvenile birds.

The golden eagle population in the primary study area is a
healthy, reproductively active one. Pesticides, including DDT, chlor-
dane, dileldrin, and heptachlor have been applied to land in the study
area and later ingested and retained by lagomorphs and rodents. When
golden eagles prey on these animals the reslidues are further concen-
trated in the eagles' tissues. Apparently at the present time, concen-
trations of pesticide residues are not high enough to adversely affect
the population. However, knowledge concerning pesticide residue levels
in a healthy golden eagle population may provide a bhasis for further
study of the effects of pesticides on the reproductive biology and

behavior of this bird.
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Climate

Climatic changes from nesting season to nesting season were slight
on the study area (Table 1). Any population changes in eagle numbers,
nesting density, nesting success, or productivity which were caused by
unusually prolonged cold waves or snow storms would exert pressure
only during the year of their occurrence. Golden eagles are adapted
to withstand extreme climatic conditions; nests have been located at
10,000 ft elevation (Wellein and Ray, 1964), and within 100 miles of
the Arctic Circle (Hobbie and Cade, 1962). Climatic changes probably
had little effect on this population of eagles.

Land use

Changes in land use usually occur over a long period of time and
show their effects graduslly. According to Bureau of the Census fig-
ures (1964), there is a trend to consolidate farms; as a result there
are fewer farms but those remaining are larger, more intensively man-
aged, and utilize greater amounts of pesticides. Changes in land use
could not account for any sharp changes in golden eagle productivity,
nesting success, or nesting density but increased use of pesticides
could account for such changes.

Influence of the investigator

Disturbance of nesting golden eagles by the investigator is diffi-
cult to define and more difficult to assess. The nesting cycle can be
broken down into four portions which are progressively less sensitive
to disturbance: (1) pre-incubation, when eagles may line several nests,
select one, and lay eggs; (2) incubation, lasting about 41 days (obser-
vation at nest #16); (3) the first three weeks after hatching when at

least one of the parent birds stays near the nest; and (&) the remaining
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seven or eight weeks before fledging when the adults visit the nest
infrequently. An effort was made to minimize disturbance throughout
the entire nesting cycle.

During the pre-incubation period nests were observed only from
a distance of at least one-quarter mile. While eagles were incubat-
ing, my visits to make egg counts were short. Approaches to the
nests were made carefully and out of sight of the parent bird so it
would not flush until I was close by, thus minimizing the time adults
were away from the nest. Except during 1967, investigations did not
begin until mid-June when the cagles were 4 to 6 weeks.old. At this
stage chances for abandonment by adults were minimal.

Hancock (1966), in a two-year study of the bald eagle, claimed
that close observation of nests from a helicopter and banding of
nestling birds during one year caused a decline in production of
fledglings and changes in nest site selection during the following
year. In another bald eagle study, Mathisen (1968) categorized the
degree of isolation and possible human disturbance of 140 nests and
found no differences in occupancy or productivity among the categories.
In the present study banding or repeated visits to nests d4id not in-
fluence occupancy or productivity.

The study was most intensive in 1967. If disturbance by the in-
vestigator was a causal factor in the decline, it would have had its
greatest effect in that year. In 1967, 11 nests were selected for
detailed study to be visited every three days during the nestling
period; 6 of these nests were unsuccessful. Two unsuccessful nests,

each with one egg and one young, were abandoned after a five-day cold
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wave with intermittent snow storms. These two nests had been visited
only once, six weeks earlier. One of these nests had been observed
daily the previous year with no adverse effects. In the remaining
unsuccessful nests, one eaglet was found dead below its nest; another
was found dead in a nest with a full crop and no visible marks on
its body. A fifth unsuccessful nest was attributed directly to the
study when a young eagle was fed pesticides and died. In the last
unsuccessful nests two young died of unknown causes, possibly because
of abandonment by adults. However, disturbance was probably not the
cause because in an earlier year an amateur photographer placed a
swinging blind 20 feet from the same nest and the adults still raised
one young.

The five intensively studied nests that were successful in 1967
were visited 26, 2h, 17, 15,and 10 times. All were occupied again in
1968.

During Phase 2, the only mortalities directly attributed to the
study were the deaths of three young and the taking of three supposedly-
viable eggs. This influence did not greatly affect the eagle population.
In 1968, data were collected during one visit each to 27 of the 31
known occupied nests. If disturbance was a major factor in fledgling
production and nesting success decline, such minimel disturbance should
have raised both of these parameters of population condition in 1968,

a year of low fledgling numbers and nest success.

A decline in prey abundance caused a drop in the eagle's nesting
success and the number of young fledged. As rabbits approach earlier
population numbers, the eagles will probably regain earlier levels of

nesting success and production of fledglings. Human disturbance,
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chlorinated hydrocarbon residues, climate, and changes in land use
bractices may have had slight influences on population levels and

reproductive success during this study.
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SUMMARY

l. The second phase of a long-term investigation of nesting
golden eagle population dynamics was conducted from 1965 to 1968 in
a 1,260 sq. mi. area of south-central Montana.

2. From 1965 to 1967, 1,009 individual prey items were identi-
fied during 247 visits to 38 nests. Mammalian prey comprised T4.5%
of the total number in the sample. Lagomorphs accounted for 45.1% of
the prey collected; whitetail jackrabbits were the most numerous
prey (26.2%) and cottontails (desert and mountain) were second most
numerous (19.9%). Birds comprised 25.1% of the total prey sample;
black-billed magpies (8.2%) and grey partridges (2.7%) were the most
prevalent species. Domestic species--two cats, a chicken, a lamb,
and an adult sheep--asccounted for 0.5% of the total sample.

3. During 1965-67, Jjackrabbits and cottontails declined from
1963-64 population levels, probably due to an epidemic of tularemia.
Proportions of rabbits found in golden eagle nests during Phase 2
dropped by 25% from Phase 1 levels. Pacific Hide and Fur, a firm
collecting jackrabbits for mink food, collected 70% fewer jackrabbits
in 1965 than the average for 1962-6k4.

4., The eagle population of 20-23 pairs remained relatively
stable; however, during 1965 the proportion of non-nesting pairs in-
creased.

5. Nesting density approximately doubled in the Boulder River
Valley during Phase 2 of the study. This change was probably related
to changes in prey availability during 1965-67.

6. Nesting success was 15% lower in Phase 2 (26%) than in Phase

-4o-
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1 (91.7%).

7. The average clutch size was two eggs (50 clutches, 20 from
McGahan, 1968, and 30 from the present study). Only five clutches
vﬁried from this figure--one l-egg clutch and four 3-egg clutches.

8. The average number of eaglets fledged from 1963-68 was 1.11.
Fledging success was 37.6% less in Phase 2 than in Phase 1.

9. Approximately 193 young hatched, but only 111 fledged
(k2. 5% nestling mortality). Observed mortalities accounted for the
fate of 16.6% of the hatched young; however, an additional 25.9%
apparently hatched and then disappeared from their nests.

10. A survey was conducted to determine whether pesticides had
any effects on the productivity and nesting habits of the golden
eagle population. Chlorinated hydrocarbon residue analysis of golden
eagle eggs, young, and adults as well as the eagles' major prey
species indicated that pesticide levels on the study area were low.
At these low levels, influences of pesticides on the eagle population
were probably minimal. However, because of the accumulative nature
of persistent pesticides, their effects may not have immediate im-
pact on this population.

11. The amounts of pesticide residues were significantly higher
in nine jackrabbits taken as prey by eagles than in seven jackrabbits
which were shot and one which was killed by a car.

1l2. Disturbance by the investigator influenced eagle population
dynemics very little. Human disturbance was most evident in 1967-68
but the greatest proportion of the decline during the study was due

t0o other factors.
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13. A reduction in numbers of jackrabbits and cottontails, the
golden eagle's major food source, was the primary cause of the de-
cline in the eagle population from Phase 1 to Phase 2. Many pairs
failed to nest when rabbits were at their lowest numbers. When
lagomorph populations were recovering, eagles nested but had low
nesting success and fledged few young. Environmental factors other
than food availability--pesticide contamination, climate, and land
use changes--may influence golden eagle population dynamics but in

this study their effects on the population appeared negligible.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 1. D;Ztrébution and occupancy, golden eagle nests, Area A,
1 5" 8.
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Table 20. Food habits of nesting golden eagles listed in order of
decreasing frequency, Area A.

1965 Per- 1966 Per- 1967 Per- Total Per-

Mammals No. cent No. cent No. cent No. cent
Whitetail Jackrabbit 32 26.9 70 26.1 74 19.4 176 22.9
Cottontail (Desert and Mo‘u.n‘tain) 13 10.9 32 11.9 117 30.6 162 21.1
Yellowbelly Marmot 9 7.6 59 22.0 41 10.7 109 1h.2
Richardson Ground Squirrel 28 23.5 16 6.0 25 6.5 69 9.0
Mule Deer (Fawn) 6 5.0 13 4.9 11 2.9 30 3.9
Mule Deer (Yearling) o) 0 1 0.3 1 0.1
Striped Skunk 0 2 0.7 3 0.8 5 C.7
Longtail Weasel o 2 0.7 2 0.5 L 0.5
Voles (Microtus Sp.) o) 0 3 0.8 3 0.k
Domestic Cat 0 ) 2 0.5 2 C.3
Pronghorn (Fawm) 0 0 1 0.3 1 0.1
Domestic Sheep (Lamb) o] o] 1 0.3 1 0.1
Domestic Sheep (Adult) 0 o} 1 0.3 1 0.1
Bushytail Woodrat 0 0 1 0.3 1 0.1
Muskrat 1l 0.8 0 0 1 0.1
Coyote (Pup) 0 1 ok o 1 0.1
Birds

Black-billed Magpie 12 10.1 30 11.2 29 7.9 T1 9.2
Grey Partridge o] 5 1.9 19 5.0 24 3.1
Sage Grouse 2 1.7 112 4.1 5 1.3 18 2.3
Blue Grouse 1 0.8 2 0.7 12 3.1 15 2.0
Common Crow 5 k2 5 1.9 2 0.5 12 1.6
Unidentified Grouse 3 2.5 5 1.9 2 0.5 10 1.3
Great Horned Owl o L 1.5 L4 1.0 8 1.0
Sharp-tailed Grouse by 3.4 0 3 0.8 7 0.9
Red-shafted Flicker i 0.8 3 1.1 1 0.3 5 0.7
Ruffed Grouse i1 0.8 3 1.1 1 0.3 5 0.7
Ring-necked Pheasant 0 o] 4 1.0 k 0.5
Unidentified Duck 1 0.8 0 3 0.8 L 0.5
Robin 0 2 0.7 1 0.3 3 0.4
Unidentified Passerine o 0 3 0.8 3 0.4
Western Meadowlark 0 0 2 0.5 2 0.3
Mallard 0 2 0.7 1 0.3 3 0.4
Great Blue Heron 0 o) 2 0.5 2 0.3
Lewis' Woodpecker 0 0] 1 0.3 1 0.1
Townsend's Solitaire 0 0 1 0.3 1 0.1
Sparrow Hawk 0 0 1 0.3 1 0.1l
Cooper's Hawk 0 0 1 0.3 1 C.1
Common Nighthawk 0 1 o4 o 1 0.1
Reptiles

Racer Snake 0 0 i 0.3 1 0.1
Total 119 99.8 268 99.9 382 100.3 769 99.9
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Table 21. [Food habits of nesting golden eagles, listed in order of
decreasing frequency, Area A.

1962-64 1965-67

Marmals No. Percent No. Percent
Whitetail Jackrabbit 248 35.3 176 22.9
Cottontail (Desert and Mountain) 2Ll 34.3 162 21.1
Yellowbelly Marmot 53 7.3 109 14.2
Richardson Ground Squirrel 26 3.7 69 9.0
Mule Deer (Fawn) 24 3.4 30 3.9
Mule Deer (Yearling) 0 1 0.1
Striped Skunk 1 0.1 5 0.7
Iongtail Weasel 8 1.1 L 0.5
Voles 6 0.9 3 0.k
Domestic Cat 0 2 0.3
Pronghorn (Fawn) 1 0.1 1 0.1
Domestic Sheep (lanb) 0 1 0.1
Domestic Sheep (Adult) 0 i 0.1
Bushytail Woodrat 1 0.1 1 c.1
Muskrat o} 1 0.1
Coyote (Pup) 0 1 0.1
Blacktail Prairie Dog 1 0.1 o
Porcupine 1 0.1 o)
Birds
Black-billed Magpie 33 L.t 71 9.2
Grey Partridge 16 2.3 24 3.1
Sage Grouse 7 1.0 18 2.3
Blue Grouse 15 2.1 15 2.0
Common Crow 0 12 1.6
Unidentified Grouse o) 10 1.3
Great Horned Owl 5 0.7 8 1.0
Sharp-tailed Grouse 1 0.1 7 0.9
Red-shafted Flicker 1 0.1 5 0.7
Ruffed Grouse o) 5 0.7
Ring-necked Pheasant L 0.6 L 0.5
Unidentified Duck 0 L 0.5
Robin 0] 3 0.4
Unidentified Passerine 0 3 0.4
Western Meadowlark o 2 0.3
Great Blue Heron 0 2 0.3
Mallard Duck 0 3 0.4
Lewis Woodpecker o 1 0.1
Townsend's Solitaire 0 1 0.1
Sparrow Hawk 1 0.1 1 0.1
Cooper's Hawk 0] 1 0.1
Common Nighthawk 0] 1 0.1
Short-eared Owl 2 0.3 o)
Marsh Hawk 1 0.1 0
Hawk Nestling 1 0.1 0
Reptiles
Blue Racer Snake 0 1 0.1
Prairie Rattlesnake 1l 0.1 0]
Unidentified Snake 1 0.1 o)

Total 702 99.4 769 99.9

Reproduced with permission of the copyright owner. Further reproduction 7prohibited without permission.



ANALYTICAL METHODOLOGY

Al]l chemical determinations reported in this study were made by
the Wisconsin Alumi Research Foundation. The following description
of procedures was provided by the Chemical Department (in litt.):
"Sample preparation:

"Total weights are originally taken on all samples. The samples
are then weighed into tared beakers. If the total weight is less than
20 gm the entire sample is used. If the total weight is greater than
20 gm the sample is homogenized and a 20 gm portion taken for analysis.
The beakers and samples are dried in an air oven at LO-L45°C for 36-48
hours. The beakers are weighed and the percent moisture determined.

"The samples are then ground with sodium sulfate and transferred
to extraction thimbles. The thimbles are placed in the Soxhlet appara-
tus and extracted with a mixture of 70 ml ethyl ether and 170 pet.
ether for 8 hours. After extraction the ethers are removed from the
erlenmyer flasks by evaporation on a steam bath. The fat is dissolved
in pet. ether and transferred to a volumetric flask. After making to
volume, one half of the solution is pipetted into a tared beaker. The
solvent is removed on & steam bath and the beaker dried in an air oven
at LO-45°C for three hours. The beaker is reweighed and the percent of
fat calculated.

"The remaining solvent in the volumetric flask is washed onto a
florisil column. Pesticides are eluted from the column with 5%95%
(ethyl ether-pet. ether) and 15%-85% (ethyl ether - pet. ether) solu-
tions. The respective solutions are taken to near dryness on a steam
bath and then transferred to a volumetric flask. After making to volume,
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& known volume of each is injectéd into the gas chromatagraph.

"Instrumental Conditions

"Barber-Colman Pesticide Analyzer, Model 5360 equipped with
a Sr-90 electron capture dector.

Colum - +" Pyrex. 5% DC200 on Chromport XXX
Colum Temperature - 182°C

Injector temperature - 2350C

Detector temperature - 240°C

Gas - Nitrogen, flow rate 100cc/min."
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