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ABSTRACT

The Harris' Hawk was studied in Arizona from 
January 1976 to October 1977. Its past and present 
status and distribution are described. Where two 
separate populations once resided in Arizona, one now 
remains and occupies 3,880 sq km of the Arizona Upland 
subdivision of the Sonoran Desert.

Nests were built or old nests repaired from 
January to August and eggs were set from mid-January to 
mid-August. Extra clutches were documented in fifty 
nesting ranges. Occasionally second clutches were laid 
before young of first broods were fledged. Fledging 
dates ranged from April to October. At nine locations 
active nests were .8 km apart and at two locations nests 
were just .5 km apart. Within two study areas nesting 
density was 2.5 sq km per active nest. In 1977 Harris' 
Hawks reoccupied 91 percent of the nesting ranges used in 
1976. More than two adults were observed at 46 percent 
of 227 nesting ranges.

Productivity was ascertained for 396 nesting 
attempts. The average clutch contained 3.16 eggs and an 
average 1.62 young fledged per nesting attempt. Seventy- 
four percent of the nesting attempts were successful.

x



Food habits, mortality, and factors influencing 
frequency of double broods and the timing and longevity 
of the breeding season are discussed. The pejorative 
implications of excessive disburbance to nesting birds, 
habitat loss, and electrocution mortality are discussed. 
Management recommendations are given.

xi



INTRODUCTION

Research on raptorial birds in the United States 
has become increasingly important as a result of the 
marked decline in several species over the past three 
decades (Arnold, 1954; Cottam et al., 1961; Berger, 
Sindelar, and Gamble, 1969; Peterson, 1969; Sprunt, 1969; 
Henny and Wight, 1972). Persistant chlorinated hydro
carbons have been implicated in many of these population 
declines (Hickey and Anderson, 1968; Porter and Weimeyer, 
1969; Cade et al., 1971).

In order to establish norms for raptor communi
ties, intensive population studies must be conducted so 
that appropriate management programs can be implemented. 
In the southwest, particularily in Arizona, where the 
ranges of some species of raptors extend marginally into 
the United States, it is imperative that population 
studies be conducted. Most of these border species have 
received little investigation in the past. For example, 
the Aplamado Falcon (Faloo femoralis) showed signs of 
decline as early as 1890 (Phillips, Marshall, and Monson, 
1964). Its range and status in Arizona was never 
thoroughly established (Phillips et al., 1964), and now 
where it was once locally fairly common (in some
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Chihuahuan desert areas) it has become extinct. Because 
of habitat destruction the Gray Hawk (Buteo nitidus) has 
suffered a population decline during the last century 
(Richard Glinski, pers. comm.).

The Harris' Hawk (Parabuteo unieinctus superior) 
is another relatively unstudied southwestern raptor. 
Studies by Hensley (1959) and Mader (1975a, 1975b, 1977b) 
are the only major works on this species in Arizona. For 
a list of several short notes on the species see H. L. 
Anderson, 1977, Bibliography of the Harris1 Hawk 
(Parabuteo uniainctus), a supplement to Raptor Research.

With the sudden decline, and apparent extinction 
of the Harris' Hawk in southern California (R. Guy 
McCaskie, Curator San Diego Natl. Hist. Hus., pers. 
comm.), and with the recent (late 1960) interest in this 
species for falconry purposes, the need for a state-wide 
population study was realized. Because Arizona now 
contains the only Harris' Hawk population of the superior 
race in the United States, it is important that manage
ment plans be formulated which will ensure a stable 
and intact population.

The main purpose of this study was to establish 
base-line data on the state-wide nesting distribution and 
abundance of the Harris Hawk, to compare these data with



the historic record, and to determine the nesting success 
of the present population.
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THE STUDY AREA

All of Arizona falls into a southwestern climatic 
pattern which is characterized by a bi-seasonal pattern 
of winter precipitation, spring dry period, summer 
precipitation, and fall dry period. The spring dry 
period (May through June) with its higher temperatures is 
the more severe dry period and has the greatest influence 
on the plant and animal community (Lowe, 1976).

For a clearer overall picture. Sellers (1960) 
divided the state into homogeneous sections with respect 
to climate, topography, and vegetation (Figure 1). From 
the southwest section (the area of importance in this 
study) to the plateau section there are extreme changes 
in climatic conditions. The plateau section has average 
annual temperatures between 20 and 25 degrees lower and 
annual precipitation of 38 to 51 cm higher than the flat 
deserts of the southwest section. The southwest section 
contains the lowest, hottest, and driest areas of the 
state (Sellers, 1960).

Arizona contains six different Life-zones (Lowe 
and Brown, 1973), but the Lower Sonoran Life-zone 
(Figure 2) which is subdivided into the Sonoran Desert, 
the Mojave Desert, and the Chihuahuan Desert is the only

4



5

NORTHEAST

NORTHWEST

PLATEAU

CENTRAL

SOUTHWEST

SOUTHEAST

STATE OF ARIZONA

Map of Arizona adapted from Sellers (1960) 
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state with respect to climate, topography, 
and vegetation.
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Figure 2. Map of Arizona showing the vegetative zones 
plus the historical and present distribution of the Harris' Hawk.
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Life-zone pertinent to this study (compare with the 
"southwest" section. Figure 1). The Sonoran Desert, two- 
thirds of which is in northwestern Mexico, has several 
major subdivisions, two are in Arizona: (1) the Lower
Colorado subdivision, and (2) the Arizona Upland sub
division (Figure 2). The Lower Colorado subdivision 
(elevation 30-90 m) is primarily a creosotebush-bursage 
(Larrea-Franseria) community and includes the hottest 
and most arid regions of the state. This subdivision is 
characterized by sandy and gravelly plains and mesas, 
sand dunes, lava flows, silty valleys, salt basins, 
rocky hills, and desert pavement. Elevation and annual 
precipitation in this region ranges from 30 m elevation 
and eight centimeters of precipitation near the Colorado 
River to 90 m and 25 cm in the eastern valleys near 
Phoenix (Lowe and Brown, 1973). The Arizona Upland 
subdivision (elevation 150-1220 m) is typified by a 
paloverde-saguaro cactus (Cercidium-Cereus) association. 
It attains greatest development on the rocky soils of 
desert mountain slopes and on the coarse soils of upper 
bajadas that flank mountain ranges. There are far 
greater numbers of plant species in this subdivision 
when compared to the Lower Colorado subdivision.
Elevation and annual precipitation in this subdivision 
ranges from 150 m elevation and 13-15 cm of precipitation
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near the western outer edge of Yuma County to 1220 m with 
28-33 cm along the eastern extension near Tucson (Lowe 
and Brown, 1973).

The Mojave Desert scarcely reaches into north
western Arizona (Figure 2). It ranges in elevation from 
240 to 1580 m with an average annual precipitation of 13 
to 28 cm which falls mostly during late winter. The 
higher aridity, lack of summer rains, and longer periods 
of below freezing winter temperatures cause this desert 
to be poorer in plant and animal life than the Sonoran 
Desert (Lowe and Brown, 1973).

The Chihuahuan Desert enters Arizona in a small 
southeastern section of the state (Figure 2), where it 
lies mostly above an elevation of 1070 m. This rela
tively complex desert is essentially shrubby with many 
grasses, several small species of cacti, and few desert 
trees. Because of its higher elevation, temperatures 
often fall below freezing, which results in a portion of 
the 20-36 cm of precipitation falling as snow (Lowe, 
1976) .



METHODS AND MATERIALS

Distribution

Historical
A thorough search of the literature gave valuable 

information concerning past distribution of the Harris' 
Hawk in Arizona and California. Requests for data on 
Harris' Hawk specimens were sent to 89 museums that were 
known to have adequate ornithological collections. This 
produced records for 55 specimens from the areas of 
concern to the study. Conversations with a number of 
individuals (birdwatchers and falconers) provided much 
additional valuable information.

Present
In order to gather data on a state-wide basis I 

used an extensive approach similar to that used by 
Hickey (1942), Bond (1946), and Cade (1960). Because the 
Harris' Hawk in Arizona has never been observed nesting 
outside the Lower Sonoran Life-zone, I eliminated well 
over half the state from the study area. After a broad 
general search of the rather barren creosotebush-bursage 
community (Lower Colorado subdivision of the Sonoran 
Desert), I was able to focus more attention on the

9
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paloverde-saguaro habitat of the Arizona Upland sub
division. It was only in the Arizona Upland subdivision 
of the Sonoran Desert that I found Harris' Hawks. River 
bottoms where Harris' Hawks nested historically were also 
searched.

Ecological and Productivity Data
Field work was conducted in 1976 and 1977, and 

each year it covered a span of ten months, from January 
through October.

Because a major objective of this study was to 
locate and collect productivity data from as many nests 
as possible, this phase of the study was the most demand
ing in terms of time (over 50 percent). I used hills, 
windmill towers, and other elevated points when avail
able, to locate nest sites over large areas. Location of 
nest sites was further facilitated by using an 8.5 m 
extension ladder mounted on the bed and cab of a pickup 
truck. This allowed visual clearance of the canopy so 
that nests could be located by using 10 x 50 Bushnell 
binoculars and a 20x Bushnell spotting scope. In this 
manner the horizon was searched for Harris' Hawks at 
.8 km intervals when in appropriate habitat. An 
abundance of roads and trails further augmented the 
effectiveness of the above technique for locating nests. 
The Harris' Hawk, when sitting atop a saguaro cactus, is



a conspicuous bird, a fact that made it easier to find 
their nests.

All nest sites were plotted on U.S. Geological 
Survey topographic quadrangles (1:25,000 scale) which 
were later transferred onto U.S. Geological Survey 
topographic series maps (1:250,000 scale) for a better 
overall picture of the population. The elevation of each 
nest site was determined from plots on U.S. Geological 
Survey topographic quadrangles (1:25,000 scale).

I selected two study areas where I attempted to
determine nesting density. All nests in these areas
were plotted on maps and the mean distance between
nests was determined by measuring the distance from each
nest and its nearest neighbor with the restriction that
the distance between any two nests could be measured
only once. By halving the mean distance, a value r
(radius) was obtained and used to determine average nest-

2ing range size by the formula A = ur assuming that 
nesting ranges are circular.

The following procedures were used when gathering 
data pertaining to nesting activities. Each nest was 
visited a minimum of two times in order to determine the 
number of eggs laid and the number of young fledged (in 
1976 nests were visited three to five times in order to 
obtain more complete productivity data). When a clutch

11
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appeared small or incomplete, a later visit was scheduled 
in order to obtain data for full clutch size. Incomplete 
data was gathered at those nests discovered late in the 
nesting season that contained large young. Young were 
aged by comparison with color photographs of known age 
birds taken at five-day intervals. During nest visits 
prey remains were noted and unidentifiable remains were 
collected for later identification. Addled eggs were 
removed, wrapped in aluminum foil, and frozen. Harris' 
Hawks that attended a nest (both those in adult and 
those in juvenal plumages) were counted during each 
visit. Movements of adults and juveniles were observed 
during the non-nesting period. When dead Harris' Hawks 
were encountered, I attempted to determine the cause of 
death.

Nestlings were banded and color marked in 1977
using U.S. Fish and Wildlife Service lock-on aluminum

Rbands and two-ply plastic (Lynnply ) tarsal bands 
engraved with a letter-number combination in order to 
identify and associate fledglings with a nesting site, 
and to determine mortality and dispersal. Sex was 
determined by measuring the tarsal diameter just above 
the wrist at a right angle to the long axis of the bird. 
Females were color banded on the left leg and males on 
the right leg with the aid of hemostats and Super glue
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(Duro) in the manner described by Ward (1974). Care was 
taken to minimize disturbance at each nest by adhering to 
the following procedures, as suggested in Fyfe and 
Olendorff (1976). In order to prevent the startling of 
incubating or brooding birds from nests, I made my 
presence known as I approached a nest site. Visits to 
nests containing eggs or small nestlings were scheduled 
for the cooler hours of the day, and visits were kept as 
short as possible. I tried to keep nestlings calm in 
order to prevent premature fledging by following the same 
guidelines as for incubating or brooding adults. I 
scheduled banding for a time when the tarsals of nest
lings had grown to about ninety percent of mature size 
(at least four weeks of age).



RESULTS

Distribution and Habitat Characteristics 

Past Populations
The literature, museum specimens, and government 

records indicate that there were two separate populations 
of the Harris' Hawk in Arizona. One population was 
resident along the western boundaries of Arizona and 
nested regularly along the Colorado River bottom from 
Yuma northward to Needles, while a second population was 
approximately 280 km eastward in a desert-scrub habitat 
(Figure 2). The two populations were separated by a dry, 
rather barren expanse of the Lower Colorado Desert.

Colorado River Population. The population along 
the Colorado River was likely a northern extension of the 
population in Baja, California, which followed suitable 
habitat along the river northward, and eventually 
extended its range into the United States. The earliest 
record for Harris' Hawks along the Colorado River (and 
for Arizona) was of one obtained from the Indians at Fort 
Mohave (near Needles) by Kennerly (1859) on 27 February 
1854. Cooper (1870) encountered this species during a 
trip along the Colorado River valley between Yuma and 
Fort Mohave during a period spanning the years 1860 and

14
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1863 and called it, ". . . a  strange vulture eagle." A 
bird was collected in 1892 along the Colorado River at 
"the monument" by E. A. Mearns and Holzner (Natl. Mus.
Nat. Hist. spec. no. 133025), and another was collected 
at Ehrenberg, Arizona, on 5 August 1902 by F. Stephens 
(Natl. Mus. Nat. Hist. spec. no. 184842). Harris' Hawks 
were quite common in some areas. For example, Wilder 
(1916) in December 1902 at the river bottom near Palo 
Verde, California, found them " . . .  sitting all about in 
the trees. As the wind calmed they flew and ten to 
twenty could be counted in the air at a time."

Their favored nesting sites were around the many 
small lakes, lagoons, and swamps in the flooded mesquite, 
willow, and cottonwood trees (Wiley, 1916 and 1917; 
Bancroft, 1920; Rowley, 1936) where they fed on such 
avian species as the Florida Gallinule (Gallinule 
mavtinica), Sora Rail (Porzanc Carolina), Green-winged 
Teal (Anas carolinensis), and Gilded Flicker (Coloptes 
auratus) (Miller, 1925 and 1930). Gale Monson (manager, 
Havasu National Wildlife Refuge in 1943 and from 1945 to 
1954; manager. Imperial National Wildlife Refuge from 
1954 to 1962) commented on the habitat at the Havasu 
Rufuge in 1952: "As long as any amount of territory stays
flooded we will have these beautiful, rare hawks with us" 
(U.S.D.I. Fish and Wildlife Service, 1952). Monson
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further stated that all the nests he observed while 
stationed at Topock (Havasu refuge), except for one at 
Bill Williams Delta, were in old snags over water in 
drowned out mesquite forests. He also observed that 
Harris' Hawks fed their young quite extensively on the 
Coots (Fulioa amevicanus) that were common in the area. 
Muskrats (Ondatra zibethious), cotton rats (Sigmodon 
hispidus) , and Abert's Townees (Pipito abert-i) were also 
frequently found in the nests (Monson, pers. comm.).

Generally two young were in a nest and only two 
parent birds cared for them. Nests were often built on 
top of old nests of Great Blue Heron (Ardea herodias) and 
were commonly only 3 to 5 m above the water (Monson, pers. 
comm.). During most years several pairs nested in the 
refuge and at times nests were less than .8 km apart 
(U.S.D.I. Fish and Wildlife Service, 1952).

There was an average of 30 Harris' Hawks on the 
refuge during a 12-year period beginning in 1947, and 
occasionally as many as 50 were present. A decline in 
their numbers started in the late 1950's and by 1968 the 
Harris' Hawk was only a sporadic visitor to the area 
(U.S.D.I. Fish and Wildlife Service, 1958-1968). Con
current decline was noted on the Imperial National 
Wildlife Refuge to the south. Monson in 1959 stated, "We 
definitely appear to have lost our nesting population of



Harris' Hawks." He later commented, "At one time these 
birds were rather common in the Colorado River valley, 
but now are considered rare" (U.S.D.I. Fish and Wildlife 
Service, 1959).

The last Harris' Hawk reported for the Colorado 
River was photographed by Dick Todd (Arizona Game and 
Fish Department) at Topock in 1968. I searched much of 
the Colorado River from Yuma to Topock in 1976 and did 
not see a Harris' Hawk.

Eastern Population. The Harris' Hawk population 
to the east likely ranged from New River (Monson, 1955: 
276); southward to Phoenix where V. Bailey collected five 
birds on 13 May 1889 (Natl. Mus. Nat. Hist. spec. nos. 
141103 to 07); southeastwardly toward Florence Junction 
where a clutch was collected in 1940 by W. J. Sheffler 
(Western Foundation of Vertebrate Zoology, set no.
62,838); then in a south-southeasterly direction toward 
Tucson (Bendire, 1892; Swarth, 1905; Howell, 1916;
Brandt, 1951), and from Tucson in a southwesterly 
direction to Organ Pipe Cactus National Monument (Monson, 
1936; Huey, 1942; Sutton and Phillips, 1942; Hensley, 
1959) (Figure 2). This population's range was mostly 
within the Arizona Upland subdivision of the Sonoran 
Desert, though some nesting was known for major river 
valleys that traversed the habitat and extended outward

17
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from it. The historical record alludes to four river 
valleys where nesting was encountered: The Salt, the
Santa Cruz, the San Pedro, and Gila rivers. Lynn 
Hargrave collected a Harris' Hawk on the Salt River at 
Blue Point on 8 October 1933 (Mus. Northern Ariz. spec. 
no. Z8.165). Near the same area James M. Simpson 
(unpub. field notes^) found this hawk nesting in cotton
wood trees along the river.

On 4 June 1872, Charles Bendire (1892) collected 
one egg from a nest in a low cottonwood tree approxi
mately 29 km southeast of Tucson (Natl. Mus. Nat. Hist, 
spec. no. 46). On 17 May 1873 he found a nest in a 
cottonwood tree along the Santa Cruz River (ca. 16 km 
south of Tucson at San Xavier del Bac) that contained two 
eggs, and on 4, 6 June 1873 he located two nests, " . . .  
on the barren plains west of camp," that were in mesquite 
trees. Birds were also noted in the same general area 
by H. S. Swarth (1905) on 23 May 1902 and by W. Leon 
Dawson (1921) on 14 June 1917. A nesting adult female 
was collected by D. M. Gorsuch on 23 July 1932 along the 
Santa Cruz River at Weisner's bee ranch (Univ. of Ariz. 
Mus. spec. no. 1133).

An adult pair of Harris1 Hawks was collected 
along the San Pedro River near Fairbanks by Herbert

1. Field notes located at: J. M. Simpson, 4249
North 37th Street, Pheonix, Arizona.
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Brown on 10 December 1890 (Univ. of Ariz. Mus. spec. nos. 
4039, 4048). A set of eggs was collected by F. G.
Willard further south and approximately 16 km west of the 
river in Miller Canyon on 1 June 1907 (Santa Barbara Mus. 
Nat. Hist., accession no. 0-13). Willard, on 13 
February 1910, noted this species along the San Pedro 
River where Brown had previously (in 1890) collected two 
specimens (Willard, 1910).

Harris' Hawks were regularly found along the Gila 
River where M. F. Gilman noted several in December and 
February and where one was collected at Blackwater on 22 
December 1909. He also found them nesting annually in 
decayed cottonwoods about eight kilometers east of 
Sacaton (Gilman, manuscript cited in Rea, 1977:85).

Lists of museum materials and literature refer
ences pertinent to the historical distribution of the 
Harris' Hawk in Arizona and California are included in 
the Appendices A and B.

The Present Population
The present nesting distribution of the Harris1 

Hawk as determined by this study covers an area of 
approximately 3,880 square kilometers of Arizona with 
elevations ranging from 396 to 1,036 meters, with a mean 
elevation of 701 meters (Figure 2). This 3,880 square 
kilometer area could also be described as that portion
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of the paloverde-saguaro habitat that best represents the 
Arizona Upland subdivision of the Sonoran Desert which is 
described by Lowe and Brown (1973) to be those areas 
". . . east then north of a line drawn from Ajo to Tucson 
to Florence Junction, then northwest to Wickenburg" 
(compare with Harris' Hawk distribution. Figure 2).

The topography of this area is flat to gently 
sloping with bajadas, which are traversed by numerous 
arroyos or washes that are dry except following storms.
In some areas the arroyos have cut to considerable width 
and depth as along the Gila River near Florence. In the 
northern sector, northeast of Phoenix, the land changes 
to a slightly rolling or hilly contour.

Prominent plant species of the bajadas are 
saguaro cactus (Cereus giganteus), foothill paloverde 
(Cevoidium mi.ovo'phyltum), velvet mesquite (Prosopis 
juliflora), ocotillo (Fouquievia splendens), several 
species of chollas and prickly pear (Opuntia spp.)r with 
triangle bursage (Ambrosia deltoidea) being the predomi
nant understory plant. The prominent species along 
arroyos are ironwood (Olneya tesota), blue paloverde 
(Cercidium floridum), desert willow (Chilopsis linearis), 
and catclaw (Acacia greggii).

The plant community of the Arizona Upland 
subdivision is quite complex, as stated by Lowe and 
Brown (1973:37):



21
. . . more than 100 native desert plants of 
diverse form and function make up the plant 
matrix in any one of the various local habitats 
throughout the paloverde-saguaro upland desert- 
scrub . This is the most structurally diverse 
vegetation in the entire United States.

All except three of the nests located were in 
paloverde-saguaro cactus habitat (Figure 3) or in the 
more local narrow strips of blue paloverde-ironwood habi
tat of the large arroyos (Figure 4) (all Arizona Upland 
subdivision). The three exceptions were nests in large 
cottonwood trees in riparian communities that were 
juxtapose to the aforementioned habitat (Figure 5). No 
nests were found, nor birds seen, in riparian communi
ties along rivers that were not associated with the 
Arizona Upland subdivision of the Sonoran Desert. One 
extensive tract of rich foothill paloverde growth and 
sparse saguaro cactus growth was frequently used for 
nesting (Figure 6).

Qualitatively, the most predominantly obvious 
characteristic of the Harris' Hawk habitat in Arizona is 
the presence of healthy stands of saguaro cactus and 
paloverde trees.

Nest Site Characteristics 
The saguaro cactus was the preferred plant 

species for nest sites (75.2 percent. Table 1), although 
my figures may be slightly biased toward saguaro because



Figure 3. Typical paloverde-saguaro habitat (Arizona
Upland subdivision) commonly used by nesting 
Harris' Hawks in Arizona. —  Photo by L. K. 
Sowls.



Figure 4. One of several large arroyos flanked by blue paloverde and 
ironwood trees where Harris' Hawks were regularly found 
nesting. —  Note saguaro cactus in the background.
(Arizona Upland subdivision). Photo by the author.



Figure 5. Harris' Hawk nest in a large cottonwood tree along the Salt 
River. —  On 10 March 1977 a Great Horned Owl (Bubo 
virginianus) was nesting in the smaller cottonwood to the 
left while the hawks were incubating eggs. Photo by author.



Figure 6. Foothill paloverde tract (Arizona Upland 
subdivision) where Harris' Hawks were 
found nesting. —  Photo by L. K. Sowls.
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of the greater ease in locating nests (Table 1)• Yet, 
saguaro is probably easier for Harris' Hawks to build in 
because of its structural characteristics.

Table 1. Harris' 
1977.

Hawk nest sites in 1976 and

Nest Support
Number of Percentage

Nests of Total

Saguaro Cactus 230 75.2
Foothill Paloverde 37 12.1
Blue Paloverde 23 7.5
Electrical Tower 6 2.0
Cottonwood 3 1.0
Ironwood 3 1.0
Mesquite 2 .6
Pine 1 .3
Palm 1 .3

Totals 306 100.0

Five nests were in electrical transmission towers 
located along a 13.7 km section of 110 kV powerline that 
crossed through prime paloverde-saguaro cactus habitat. 
Along the same section of line I counted 42 old nests in 
55 towers. Another nest was in a tower located along a



345 kV electrical transmission line also crossing 
excellent Harris' Hawk habitat.

Nest height ranged from 2.3 m in a foothill 
paloverde tree to 21.3 m on an electrical transmission 
tower. I plotted heights separately for the three most 
commonly used species (saguaro cacti and two species of 
paloverde trees, Figure 7). The heights of nests were 
greatly influenced by the plant species they were in.
The average heights for nests in saguaro cacti, blue 
paloverde trees, and foothill paloverde trees were 5.8 m,
6.3 m, and 4.4 m, respectively. The three nests in 
cottonwood trees averaged 16.8 m, above ground, the 
three in ironwood trees averaged 7.6 m, and the two 
nests in mesquite trees averaged 4.9 m above the ground. 
The heights above ground for a nest in a pine tree 
(Firms sp), and a nest in a date palm (Phoenix sp) were
14.3 m and 13.7 m respectively.

Occasionally nests in saguaro cacti became quite 
bulky. At three sites I measured massive nests that 
were slightly over 1.5 meters tall (Figure 8).

Phenology of the Breeding Season 
I began collecting data on the Harris1 Hawk 

nesting population in January and continued through to 
October during 1976 and 1977. During this time I
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Figure 8. Massive nest in a saguaro cactus that 
was used by Harris' Hawks for several 
seasons. —  Neighbors commented that the 
hawks had nested in the cactus for about 
ten years. Photo by L. K. Sowls.



observed all phases of the reproductive cycle, from 
courtship to fledging of young.

Courtship
On several occasions I witnessed courtship 

flights that were similar to those described for most 
raptors (Brown and Amadon, 1968:94-102). On 30 March 
1977 I observed a male leaving its perch near a nest 
where its mate was incubating four eggs. The male 
soared for ten minutes at an extremely high altitude, 
then closed its wings and plummeted toward the ground in 
a vertical stoop. He landed on the back of the female 
which was perched on the arm of a saguaro cactus and 
copulated.

On 18 February 1977 I noted a very unusual 
"group courtship" display involving eight adults. While 
these birds flew at an altitude of 150-180 m they were 
continually engaged in soaring, tail chasing, and 
stooping, accompanied by much vocalizing. The long 
vertical stoops, which often involved all eight hawks, 
were followed by tail chasing, which eventually took 
them back to their former altitude where the whole event 
was repeated. Their flights lasted for 45 minutes, when 
the birds departed in three different directions. I 
later found an active nest in each of the three areas to 
which the respective groups had flown. At two of these

30
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nests, three adult hawks were present. A similar 
communal display has been reported for the Eleanora's 
Falcon (Falco eleanorae) when near the breeding cliffs 
(Brown and Amadon, 1968:101—102). The behavior is 
apparently rare in the falconiforms.

I observed 23 copulations over a six-month period 
from 28 January to 26 July. Copulation lasted from 15 
to 40 seconds with an average time of 24 seconds for 12 
matings. Courtship behavior did not always precede 
mating; on several occasions I witnessed copulation in 
which the male flew directly to a female and mated 
without obvious display on the part of either sex.

Nest Construction
Harris' Hawks build or repair nests from January 

to August. They often repair one of several alternate 
nests or use the same nest several times in succession 
rather than building a new nest each year. In one 
territory I found eight nests, one of which had been 
repaired and was ready for eggs on 10 February 1977 
(copulation had been observed in this territory on 28 
January 1977). Materials are continually added to nests 
while eggs and nestlings are present.



Timing of Incubation,
Hatching and Fledging

Using a 35-day incubation period and a 45-day 
nestling period (Mader, 1975a), I determined the time 
spans for onset of incubation, for hatching, and for 
fledging of young.

Initiation of Incubation. Eggs were set over a 
period ranging from mid-January to about mid-August or 
over a seven-month period. Of 284 clutches, one half 
were set between 20 February and 22 March, a period of 
about one month (Figure 9). I found that most Harris' 
Hawks laid eggs and began incubating in March. A 
portion of the clutches laid during and after April were 
second clutches for a given year (open portion of graph, 
Figure 9).

A January egg laying was documented only once 
(nesting range no. 13, eggs set mid-January 1976). On 
12 February 1977 a nest containing eggs was again found 
in nesting range no. 13, but an egg-laying, or incuba
tion date, could not be determined because the eggs 
failed to hatch. This clutch may also have been laid in 
January. Within this nesting range, where laying of the 
first clutch commenced early in the year, I documented 
the laying of three clutches per breeding season during 
both 1976 and 1977.

32
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JAN. FEB. MAR. APR. MAY
MONTH

1st of two clutches 

2nd of two clutches 

only one clutch known

16

JUN. JUL AUG.

Figure 9. Number of nests and month when incubation
begins for 284 Harris' Hawk nesting attempts 
in 1976 and 1977. —  Many of the nesting 
attempts after April are probably second 
attempts, but data are incomplete.
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Hatching and Fledging. The hatching dates for 

284 clutches ranged from February to September, or over 
eight months (mode = April) (Figure 10), and the 
fledging dates ranged from April to October or over a 
seven-month period (mode = May) (Figure 11). During this 
study I observed eight nests that fledged young in 
October (extreme dates: October 6 - October 28).

Extra Clutches and Double 
Broodedness

I found that laying of extra clutches and the 
attempted rearing of more than one brood per year was 
common in Harris' Hawks; it occurred in at least 50 
(21.6 percent) of the nesting ranges. The females in 41 
of the 50 nesting ranges laid two clutches during one 
year only, the females in eight laid two clutches during 
both years, and the female in nesting range no. 13 laid 
three clutches during both years of the study. This 
produced a total of 61 extra clutches (extra attempts).
Of these 61 extra nesting attempts, 39 (63.9 percent) 
followed a successful first attempt, and 22 (36.1 
percent) followed an unsuccessful first nesting attempt. 
It is not known if the females within the individual 
nesting ranges were the same during both years because 
adults were not color-marked.
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Figure 10. Number of nests and month of hatching for
284 Harris' Hawk clutches in 1976 and 1977.
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Figure 11. Number of nests and month of fledging for 
284 Harris' Hawk nesting attempts in 1976 and 1977.
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In those cases where the first nesting attempts 

were successful, the time interval between laying of 
first and second clutches averaged 106 days (n = 31; 
range 60-163 days). In eight nesting ranges I noted a 
short time interval between laying of the first and 
second clutches (average time = 75 days: range 60-88 
days). Four of the eight second clutches were in the 
same nests used for first clutches, and the remaining 
four were in alternate nests. Allowing 40 days for lay
ing and incubation and 45 days for fledging it would 
take 85 days to fledge young. This indicates that some 
second clutches were laid before the young from the first 
nesting attempts had fledged. For nests 59 and 89 my 
observations confirmed that the second clutches were 
laid before the young from the first nesting attempts had 
fledged. At nest no. 89 the eggs were laid in an 
alternate nest when the young of the first nesting 
attempt were 23 to 25 days old, and at nest no. 59 the 
eggs were laid in the same nest with the 27 to 28 day- 
old nestling (Figure 12). Tjitte de Vries (1973:12) 
observed that in Galapagos Hawks (Buteo gatapagoensis)
(a species that also raises two broods per season) the 
shortest time interval between two successful nesting 
attempts was five months.
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Figure 12. Nest number 29 showing a 29 to 33 day- 
old nestling and three eggs, one of 
which appeared to be freshly laid. —  
Note the two prey items (cottontail 
rabbit and mouse sp.) in the nest. 
Photo by the author.
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I saw birds with sub-adult plumage (in early wing 
and tail molt) nesting at six different nest sites. At 
three of these nest sites only sub-adult females were 
involved, the males being adults. On 15 May 1976 I 
watched a sub-adult female feeding three chicks. The 
subsequent failure of this nest showed signs of being 
man-caused. At another nest site I observed a sub-adult 
female brooding. This female was always present, and 
near or on the nest, when I arrived. She eventually 
succeeded in raising three offspring. The third sub
adult female that I observed nesting, successfully raised 
one chick. At three of the six nest sites all parents 
were sub-adult birds, one being a trio. At one of these 
sites two sub-adults fledged one chick, and at another 
two sub-adults fledged two chicks. At the nest attended 
by three sub-adult Harris' Hawks the one nestling that 
hatched died before fledging.

Newton (1976) when summarizing the extent of 
successful breeding in sub-adult raptors listed six 
genera,in which it has been documented (Haliaeetus3 
CivouSj Accipiterj Buteo, Aquila, Faloo). The above 
examples illustrate four cases of successful breeding in 
sub-adult Harris' Hawks.

Nesting of Sub-Adult Birds
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I considered a nesting range active if I 
observed eggs or young in a nest or recently fledged 
young near a newly found nest that had signs of having 
been active. I recorded reproductive activity at 231 
nesting ranges in which there were 306 different nests 
that were active sometime during 1976 and/or 1977. At 
another 26 locations adult birds were present during the 
nesting season, but active nests were not found. At nine 
locations active nests were only .8 km apart, and at two 
locations active nests were just .5 km apart.

I did not attempt to compute a density figure for 
the 3,880 square kilometers in which the Harris' Hawk 
nested (Figure 2). Throughout the population continuum 
there were local concentration points and from two of 
these populous areas I attempted to find all active nests 
in order to determine the nesting density. Study area A 
(230 sq. km) (Figure 13) contained 39 nesting ranges with 
51 active nests (active during 1976 and/or 1977), and 
Study area B (135 sq. km) (Figure 14) contained 26 nest
ing ranges with 38 active nests.

I computed the nesting density using only those 
nesting ranges that were active in a given year, and I 
used that year in which the nesting was the greatest. I 
calculated that a dense nesting population of Harris'

Nesting Density
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Figure 13. Study area A (230 sq km) containing 39 nesting
ranges with 51 active nests. —  Circles containing 
more than one symbol indicate one nesting range 
and are not intended to delineate the size of a 
range.
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Figure 14. Study area B (135 sq km) containing 26 nesting 
ranges with 38 active nests. —  Circles serve 
same purpose as in Figure 13.
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Hawks in Arizona was 2.5 square kilometers per active 
nest in 1977. This value was the same for both Study 
area A and Study area B. The mean distance between nests 
in both areas was 1.8 km. Because of the extremely close 
nesting pattern (Figures 13 and 14) it is expected that 
the adult home ranges overlapped and were actually 
much larger than reported above.

Extra Adults at Nest Sites 
More than two adults were observed at many of the 

nest sites; three adults were observed at 41 percent and 
four adults were observed at five percent of 227 active 
nesting ranges. Judging from the size differences of 
the birds and from their behavior at active nests, the 
extra adults were probably males. Behaviorally, two.of 
the three adults would commonly soar together at a con
siderable distance from the nest while the third bird, 
the female, would stay close to the nest. Generally, the 
number of adults observed in a nesting range in 1976 was 
the same in 1977; I noted an increase or decrease in the 
number of adults in only 26 (11 percent) of the nesting 
ranges.

Polyandry, the mating of more than one male with 
a female has been previously documented in this species 
(Mader, 1975a). I observed polyandrous matings once 
during this study on 11 February 1977.
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Harris' Hawks are quite attached to their nesting 
ranges. One hundred three (84 percent) of 123 active 
nesting ranges occupied in 1976 were reoccupied and 
active in 1977. At another nine of these 123 nesting 
ranges adults were present but active nests were not 
found. Thus in 1977 Harris' Hawks reoccupied 112 (91 
percent) of the 123 nesting ranges used in 1976. There 
were actually 132 active nesting ranges in 1976, but nine 
of these were discarded for the following reasons: in
five, nests were destroyed when cacti fell; in two, the 
adults were found dead; in one, the female was trapped 
for a breeding project; and for one range the old nest 
could not be located.

Seven pairs of Great Horned Owls (Bubo 
virginianus) and one pair of Red-tailed Hawks (Buteo 
jamaicensis) used nests during 1977 that were used by 
Harris' Hawks in 1976, but this appeared to have little 
influence on Harris' Hawk reoccupancy of these nesting 
ranges. The Red-tailed Hawks' usurpation of the former 
Harris' Hawk nest caused a minor shift (140 to 180 m) in 
the latter's nesting range.

Great Horned Owls were regularly found nesting 
near active Harris' Hawk nests. The shortest distance

Nesting Range Tenacity
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observed between active nests of the two species was 41 
meters.

Productivity
I observed 396 nesting attempts involving 306 

different nests and occupying 231 active nesting ranges.
I was unable to revisit some nests late in the season. 
Hence, in order to compare my nesting information with 
that from earlier studies (Mader, 1975a; Griffin, 1976),
I considered a nest successful if a nestling reached 
the age of at least 28 days.

I found that 245 (73 percent) of 335 nesting 
attempts were successful (fledged at least one chick) 
during the 1976 and 1977 study period. The incomplete 
data, from 61 nests, was not used when calculating the 
above value. This may have shifted the number of 
successful attempts toward a lower value because many of 
these 61 nests were last visited before the young met the 
28-day age requirement and thus could not be used in the 
calculation, yet many of them were probably successful. 
There was also an inflationary bias because nest 
failures likely occurred that were not observed and 
recorded. To offset some of these biases, I calculated 
nesting success using more complete data of a smaller 
sample size from 1976, and found that 115 (74 percent) of 
156 nesting attempts were successful. In the latter
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calculation I discarded the incomplete data from just 
three nesting attempts. The two values obtained (73 and 
74 percent) using the two sample sizes (335 and 156 
nesting attempts) are quite comparable.

Thirty-two of 41 nest failures in 1976 and 43 of 
49 nest failures in 1977 occurred during the incubation 
period. Of 15 nest failures that occurred during the 
nestling period, two were man-caused, two were caused by 
inclement weather, and for the remaining 11 the cause was 
unknown.

One hundred and sixty-two clutches that I 
observed in Arizona ranged from one to five eggs and 
averaged 3.16 eggs per clutch (Table 2).

I observed that of 319 nesting attempts the 
number of fledglings per nest varied from one to four per 
nesting attempt (Table 3) and averaged 1.62 young per all 
attempts (Table 4).

I calculated productivity using the complete data 
of 71 nesting attempts of 1976 (Table 5) and compared 
these values with the productivity obtained when using 
the possibly less complete data, but larger sample sizes, 
of the foregoing. By using the more complete data I was 
also able to figure the "hatching success" and the 
"fledging success." The mean clutch size for 71 clutches 
was 3.07 (compare with mean clutch size. Table 2) for



Table 2. Harris' Hawk egg productivity in Arizona, 1976 and 1977

Clutch Size

Number of Total Number Mean Clutch
Nests 1 2 3 4 5 of Eggs Size

1976 67 1 15 35 12 4 204 3.04
1977 95 3 14 38 39 1 306 3.22
Total
nests

number of 
and eggs 162 4 29 73 51 5 510 3.16



Table 3. Harris' Hawk fledging success in Arizona, 1976 and 1977.

Number of 
Fledglings

1 2 3 4
Number of 

Nest Failures
Number of 
Attempts

1976 25 35 34 8 41 143
1977 34 40 37 16 49 176
Total (1976-77) 59 75 71 24 90 319
Percentage of 
total 18 24 22

#
m 28 100



Table 4. Harris' Hawk nesting success in Arizona, 1976 and 1977

Total Number 
of Nesting 
Attempts

Number of 
Successful 
Nests-*-

Number of 
Young

Young Fledged 
Per all Attempts

Young Fledged 
Per Successful 

Attempts

1976 143 102(71%) 229 1.60 2.25
1977 176 127(72%) 289 1.64 2.28
Total nests 
and young 319 229(72%) 518 1.62 2.26

A nest was considered successful if a chick was raised to 
Only nests where adequate fledging data was obtained appear in the

an age of at least 28 days, 
table.



Table 5. Summary of productivity data for 71 Harris' Hawk nesting attempts in 
1976.

Results Range

Mean clutch size 3.07 1-5
Young fledged per 
all attempts 1.63 0-4
Young fledged per 
successful attempt 2.18 1-4
Percent hatching success 59 41% productivity loss 

(eggs failed to hatch)
Percent fledging success 90 10% productivity loss 

(young failed to fledge)
Percent successful nesting 
attempts 75
Percent unsuccessful 
nesting attempts 25
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which 1.63 young fledged per all attempts (compare with 
young fledged per all attempts, Table 4). This gives 
nearly a 50 percent loss in productivity between egg 
laying and fledging. Of the 218 eggs laid only 129 (59 
percent) hatched, giving a 41 percent egg loss, and of 
those eggs that hatched 116 (90 percent) produced 
fledglings, for a 10 percent nestling loss (Table 5). Of 
the high egg loss (n = 89), 42 percent was attributed to 
nest failure (loss of a complete clutch), and 58 percent 
was due to the partial hatching of clutches. The 
productivity of the 71 nesting attempts was close to the 
values calculated when using the larger sample sizes.
The slightly higher value for successful attempts (75 
percent) may have been obtained because nests that 
failed before I had acquired data on clutch sizes were 
excluded from the calculations. At least 612 Harris' 
Hawks fledged during the study period.

I banded and color marked 212 nestlings in 1977 
and obtained a sex ratio of 1.2 males to 1.0 females.

Mortality Factors
The hatching success presented in the previous 

section indicates a high egg loss (41 percent. Table 5).
I found that most of this loss involved infertility of 
eggs, nest abandonment, and destruction by predators. 
Infertility appeared to be the most common cause of egg
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loss (e.g., at nesting range no. 102-77 four eggs were 
laid in both 1976 and 1977 and the incubation times were 
65 and 73 days respectively with no hatching success and 
with what appeared to be no embryo development) (Figure 
15). The only other type of egg loss that I observed was 
caused when a nest fell from a saguaro cactus.

Nestling losses were much lower than egg losses 
with only 47 young dying or disappearing from nests under 
observation during the two-year period. Causes for 
deaths or disappearances could be determined for only 20 
cases: seven were robbed by man, five were killed by
man, five died of disease, two died when a cactus that 
contained a nest fell, and one nestling died when it fell 
from its nest. Other mortality factors (for adults and 
fledglings) that were reported to me were electrocutions 
(at least eight reports as of August 1978), and 
accidental trapping of Harris1 Hawks by coyote trappers.
I obtained evidence from several sources that Harris' 
Hawks were occasionally drowning in cattle watering 
tanks. A resident of Owl Head Ranch near Tucson stated 
that Harris' Hawks and other birds had been found 
floating in water tanks. In July 1978 a banded juvenile 
female (F.& W.S. 877-53524) was found dead, floating in 
a large cement water tank (Larry Livingston, Arizona 
Game and Fish Department, pers. comm.) not far from where



Figure 15. Nest number 102-77 containing four abandoned infertile
eggs. —  On 21 May 1977 the eggs were being incubated by 
the adults (at least 73 days total incubation) and by 26 
May (date of photo) the adults had abandoned the nest. <_n

U>
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I had banded it as a nestling in May 1977. I also found 
that cholla cactus (Opuntia sp.) may cause some mortality 
in Harris V Hawks. On 26 May 1976 I found a recently 
fledged hawk that was partially immobilized (i.e., could 
not fly and could hardly walk) on the ground near its 
nest. Cholla cactus joints were stuck on its neck and 
between its legs. On another occasion I was able to 
chase down and catch an older fledgling that was having 
difficulty flying and keeping its balance when landing. 
When I examined it, I found two cholla cactus joints 
clasped in its feet so that it could not release its 
grip. Newly fledged hawks are likely to be more prone 
to being impaled with cholla cactus because they are 
seemingly unable to differentiate safe and unsafe 
perches. The ability to choose a safe perch is probably 
learned, and the first few weeks of learning after 
fledging may be a critical period for this type of 
hazard.

Food Habits
A quantitative analysis of food habits in Harris' 

Hawks was not possible during this study because of time 
restraints imposed by the large number of nests being 
observed. Often the only sign of occurrence of an 
avian prey species was the presence of feathers which 
denoted little or nothing of the number of individuals
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taken for a particular species. Thus I could only 
indicate that a particular species was encountered at a 
nest. Since certain body parts of the larger mammals 
(i.e., hind feet of cottontail rabbits [Sylvilagus 
audubonii] and tails of Harris' ground squirrels 
[Citellus harvisii]) were not eaten and remained in the 
nest for long periods of time, a more accurate figure for 
the number of these species taken was obtained. It is 
important to realize that for the smaller mammals (i.e., 
mice, etc.), all the birds, and the reptiles, the number 
of individuals recorded is likely well below the actual 
numbers taken, because of complete ingestion during a 
single feeding period. With the restrictions mentioned, 
the food habits analysis is a qualitative study of the 
entire population, which in turn gives a more complete 
idea of the total gamut of prey species taken throughout 
the Harris' Hawk population.

I found that Harris' Hawks are quite catholic 
in their feeding habits; 25 vertebrate species were 
recorded during the study period (Table 6). Surpris
ingly, four raptorial birds, the Screech Owl (Otis asio), 
Elf Owl (Miorathene whitneyi) , the Coopers' Hawk 
(Aooipiter cooperii), and the American Kestrel (Falco 
sparverius) were also taken. Cottontail rabbits were 
important in the diet of Harris1 Hawks, their remains at 
times covering the entire tops of nests. At one nest.
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by counting the pairs of hind feet in the nest, I 
determined that at least 22 lagomorphs had been taken. 
Harris' ground squirrels, white-throated woodrats 
(Neotoma albigula) , Gambel's Quail (Lophortyx gambel-ii) 3 
and Cactus Wrens (Campylorhyahus bvunneioapi,lZus) also 
appear to be important staples in the Harris' Hawk diet.
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Table 6. Prey items observed at nests of Harris' Hawks 

in Arizona, 1976 and 1977.

Species
Number of 

Items
Percentage 
of Total

Mammals:
Cottontail Rabbit,
Sylvilagus audubonii 144 22.4
Harris' Ground Squirrel,
Citellus harrisii 79 12.3
White-throated Woodrat,
Neotoma albigula 76 11.8
Black-tailed Jackrabbit,
Lepus californicus 9 1.4
Round-tailed Ground Squirrel,
Citellus tevetioaudus 5 .8
Pocket Gopher,
Thomomys bottae 2 .3
Merriam's Kangaroo Rat, 
Dipodomys mevriami 1 .2
Banner-tailed Kangaroo Rat,
D. spectabilis 1 .2
Arizona Pocket Mouse,
Perognathus amplus 1 .2
Unidentified Lagomorphs 65 10.1
Unidentified Kangaroo Rats 4 .6
Unidentified Ground Squirrels 3 .5
Unidentified Mice 2 .3

Total Mammals 392 61.1



Table 6, continued.

Species Number of 
Items

Percentage 
of Total

Birds:
Gambel's Quail, 
Lophortyx gambelii 56 00

Cactus Wren,
Campylorhynohus brunneieapillus 42 6.5
Screech Owl, 
Oti.3 asio 14 CMCM

Common Flicker, 
CoZaptes auratus 13 OCM

Elf Owl,
Miarathene whitneyi 8 1.2
Mourning Dove, 
Zenaiduva maovouva 6 .9
Curve-billed Thrasher, 
Toxostoma ourvirostre 4 .6
Gila Woodpecker, 
Centurus uropygialis 3 .5
Road Runner,
Geococcyx californianus 2 .3
American Kestrel, 
FZaco sparverius 1 .2
Cooper's Hawk, 
Acci.pi.ter cooperii 1 .2
Unidentified Thrashers 12 1.9
Unidentified Doves 5 .8
Unidentified Birds 12 1.9

Total Birds 179 27.9
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Table 6, continued.

Species
Number of 

Items
Percentage 
of Total

Reptiles:
Desert Spiny Lizard, 
Seeloporus magistev 63 9.8
Regal Horned Lizard, 
Phrynosoma solare 2 .3
Zebra-tailed Lizard, 
Callisaurus draconoides 1 .2
Western Whiptail Lizard, 
Cnem-idophorous tiavis 1 .2
Leopard Lizard, 
Crotaphytus wislizeni 1 .2
Unidentified Reptiles 2 .3

Total Reptiles 70 11.0
Total Number of Prey Items 641 100.0



DISCUSSION

Distribution and Habitat Characteristics 

Past Populations
The Colorado River. Harris' Hawks were regularly 

found along the Colorado River for at least 134 years.
A steady decline began in the late 1950's and ended in 
the hawks virtual extinction sometime in the late 1960's 
or early 1970's. Its cause can only be speculated.

Changes with the most long range effect on the 
landscape and natural communities occurred during the 
first 40 years of the Twentieth Century. Extensive 
floods of 1905-1907 and 1922, which destroyed large 
tracts of natural communities along the river, evoked the 
construction of several major and minor dams, the largest 
being Hoover Dam which was operational in 1935. Hoover 
Dam was followed by the completion of Parker and 
Imperial Dams in 1938 and then Davis Dam in 1949. With 
the dangers of flood reduced, the settlers expanded 
their agricultural activities by removing large tracts 
of natural communities, many of which were cottonwood 
stands along the river. By the 1930's and 1940's salt 
cedar (Tamavix pentandra) had spread along large areas 
of the river and had begun to compete with the cottonwood
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community which was rejuvenating following the past 
floods. The incessant spread of salt cedar with its high 
fire potential (burn cycle every 10 to 20 years) further 
reduced the acreage of the natural communities (Ohmart, 
Deason, and Burke, 1977).

Ohmart et al. (1977:44) further summarized the 
situation:

Cessation of annual overflows and natural channel 
movements (by dams) also curtailed the formation 
of the basic cottonwood seedling habitat, bare 
sandy soils with high water table, which appears 
essential for cottonwood seed germination. The 
rapid spread of salt cedar and slow demise of 
cottonwood began about the time the major dams 
were implemented, the mid 1930's.

Even without the dams it was unlikely the cottonwoods
would have competed with ". . . the aggressive and fire-
adapted salt cedar" (Ohmart et al., 1977). Less than 500
acres of pure cottonwood stand remains of the original
5,000 acres of the 1600's.

It appears that the Harris' Hawk population of 
the Colorado River did not stray far from the lush 
community of the rivers edge where prey density was high, 
for I found no reference indicating that they nested in 
the desert habitat near the river. This assumption is 
reaffirmed by Halloran's (Refuge mgr.) observation that 
"They (Harris' Hawks) are not found on the desert" (U.S. 
D.I. Fish and Wildlife Service, 1950). The hot dry 
Lower Colorado Desert likely did not provide the prey
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biomass of the river bottom habitat, nor did it provide 
the abundance of nesting sites that the river afforded. 
There are records of Harris' Hawks nesting in California, 
miles away from the Colorado River, but these nests were 
also associated with riparian habitats (Bancroft, 1920, 
near Brawley; Don Bleitz, Pres. Bleitz Wildl. Foundation, 
pers. comm., at Calipatria).

The Harris' Hawk population along the Colorado 
River was quite vulnerable to the disturbances caused by 
man's activities, because they were restricted to the 
very narrow habitat of the river. Dredging operations 
during the 1940's may have been a source of much 
disturbance, especially if the dredging was undertaken 
when the hawks were nesting.

Recreational activities increased along the river. 
During the 1950's there was an increase in the number of 
people in the area, plus there were many and more power
ful outboard motorboats using the newly opened channels 
of the river (Monson, pers. comm.). Many of the 
previously inaccessible areas of the swamp could now be 
used by boat traffic. At Havasu National Wildlife Refuge 
where Harris' Hawks nested low over the water in drowned 
out mesquite trees, this increase in recreational 
activities due to the new channels may have been a 
salient distress factor during the breeding season.
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During this period, fishermen were seen tearing nests 
from snags over the swamp, probably with the idea that 
they were destroying the nests of cormorants that were 
competing for the fish (Monson, pers. comm.).

The last nest found was at Imperial National 
Wildlife Refuge in an area inaccessible to boat traffic. 
On 29 May 1961, two 3-week-old nestlings were found dead 
in the nest. There was no apparent reason for the death 
of the young hawks aside from abandonment and subsequent 
starvation (U.S.D.I. Fish and Wildlife Service, 1961).

Harris' Hawks were occasionally harassed by duck 
hunters who often referred to them as, "the big black 
hawk that catches ducks" (Miller, 1925). Monson, in- 
1949, reported that Harris' Hawk numbers were sometimes 
slightly depleted by waterfowl hunters in the open areas 
above Topock (U.S.D.I. Fish and Wildlife Service, 1949). 
Don Bleitz (pers. comm.) recollected that a California 
State Game Refuge Manager occasionally shot Harris'
Hawks near his home as they came in with waterfowl that 
had been wounded by duck hunters.

Chlorinated hydrocarbons should not be ruled out 
as a causal factor for the loss of the Harris' Hawk 
population of the Colorado River, Its decline generally 
coincides with (though slightly later than) the decline 
of the Peregrine Falcon (Falco peregrinus anatum) and
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several other raptor species in the United States 
(Hickey, 1969). It is known that the California eco
system in 1947 was sufficiently contaminated with DDT to 
cause eggshell thinning in the Peregrine Falcon (Hickey 
and Anderson, 1968; Peakall, 1974). The Colorado River 
Harris' Hawks may have been contaminated with DDT because 
of their close association with an aquatic ecosystem 
where these pesticides are known to appear to a greater 
degree in animal food-chains (Hunt, 1969), and because of 
their heavy predation upon Coots as well as other water- 
fowl and some shorebirds. Mader (1977a) reported that 
ten post-DDT eggs (prior to 1947) taken from three nests 
from an area along the Colorado River during the period 
1951-53 showed no signs of eggshell thinning when 
compared with 15 pre-DDT eggs from Arizona and Mexico. 
This does not sufficiently rule out chlorinated hydro
carbons as a causal factor. The ten eggs used for the 
analysis came from three nests located along a small 
portion of the river. Also, the Harris' Hawk population 
along the river did not show signs of decline until the 
late 1950's, or about five or six years after these eggs 
were removed from the nests.

The Eastern Areas. The decline and/or loss of 
Harris' Hawk nesting populations along three rivers and
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from a National Monument has resulted in a reduction in 
nesting range in the eastern areas of Arizona (Figure 2).

The population that once nested along the Santa 
Cruz River occupied what was known as the Grand Mesquite 
Forest that was located ca. 16 km south of Tucson. W. 
Leon Dawson (1921:30) described the forest, its past 
appearance and its predicted fate, as it appeared in 
1917:

. . . the humble mesquite (Prosopis juliflorus) 
rises here to the dignity of a real tree, and this 
forest, once matchless for size and extent, con
tained trees sixty and seventy feet in height and 
up to three feet in diameter. A ruthless policy 
of deforestation, which was culminating at the 
time of our visit, had reduced the heavy timber 
to about four-fifths of its former abundance and 
the destruction was going on according to the 
Indian Agent in charge, at a rate of 2,500 cords 
per annum. At that rate the forest could not have 
held out above two years longer.

Dawson (1921) described his stay in the forest 
as an "oological opportunity" because of the congestion 
and intensity of the nesting bird population, that he 
assumed was caused by the rapid decrease in available 
nesting space. The Harris' Hawks that he noted during 
his stay were likely present because of the extreme 
abundance of potential prey (birdlife) found in the area. 
The Grand Mesquite Forest and nesting Harris' Hawks no 
longer exist because of the extensive woodcutting, as 
mentioned, and the excessive lowering of the water table 
(Lowe and Brown, 1973).
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The Harris' Hawks along the Gila River near 

Sacaton met a fate similar to those of the Santa Cruz 
River. Lowe (1976:30) described the Gila River of the 
past:

Along the formerly great Gila River (the now 
dry bed of which stretches across the Sonoran 
Desert of Arizona) there were extensive marshes, 
swamps, and floodplains with cattail (Typhas 
dimingensis)3 bulrush (Scirpus olneyi), giant 
reed (Avundo denax), common reed (Phvagmites 
communis)3 arrowweed (Pluchea sevieea)3 and many 
trees. The dense vegetation of these well- 
developed riparian communities often stood 10 to 
15 feet high and supported a tremendous quantity 
and variety of wildlife.

By the end of the nineteenth century the 
perennial flow of surface water had been drastically 
reduced and the riparian community had been severely 
damaged because of overgrazing upstream during successive 
years of drought (Rea, 1977). Today, surface flows have 
ceased and emergent vegetation has disappeared along 
these areas of the Gila.

One can only speculate as to the demise of the 
Harris' Hawks that once nested along the upper San Pedro 
River. It may be that the hawks observed in the river 
valley in the late 1800's and early 1900's were 
actually stray birds that traveled up river from areas 
northward where the Arizona Upland Desert is a dominant 
part of the habitat on either side of the riparian 
community and where Harris' Hawks still nest. High
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nesting success in successive years and a correspondingly 
high hawk density in the population northward may have 
pushed some birds southward along the river in search of 
suitable habitat elsewhere.

Harris' Hawks have been reported nesting on the
Organ Pipe Cactus National Monument as early as 1947

2(Allan R. Phillips, unpub. field notes ). The most 
recent record for nesting I obtained was for 1969 (Organ 
Pipe Cactus National Monument Bird Records), yet Wilt 
(1976) reported that they have nested there as recently 
as 1973.

I was unable to find Harris1 Hawks on the 
monument during this study. They are present (a few 
reliable sightings have been reported to me during both 
1976 and 1977), but are at a much lower density at Organ 
Pipe Cactus National Monument than in other parts of 
their present range. Most of the sightings and all the 
active nests for which I have reports have been south and 
west of Monument Headquarters (Senita Basin area) where 
Hensley (1959) studied the nesting activities at one of 
two nests he found in 1947. Hensley (1954), while doing 
a habitat study, determined that the same area sustained 
a greater density and more mature stand of saguaro cactus 2

2. Field notes located at: A. R. Phillips,
Apartado Postal 370 San Nicoles de los Garza, Nuevo Leon, 
Mexico.
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than that found anywhere else on the monument.
Steenbergh and Warren (1977) also reported, "The vegeta
tion in Senita Basin is, in some respects, among the most 
diverse of any sample in the monument."

The natural biotic communities of Organ Pipe 
Cactus National Monument have been extensively damaged by 
heavy grazing for nearly a century. The overgrazing has 
adversely affected vegetation by reducing the plant cover 
and diversity (Peter Warren, U. of A. grad, student, 
pers. comm.). This may have affected the populations of 
certain mammalian species. Exclosure studies in salt 
bush (Atriplex spp.) communities have shown that grazing 
reduces pack rat populations by reducing suitable nest 
sites through destruction of protective cover under 
mesquite trees (Peter Warren, pers. comm.). Steenbergh 
and Warren (1977) found that the high density and biomass 
of mammals within Dos Lomitas exclosure "strongly suggest 
that considerably larger populations of dependent 
carnivorous animals such as kit foxes (Vulpes maorotis), 
coyotes (Canis latrans), and raptorial birds would occur 
in the absence of livestock grazing pressure." In June 
of 1977 the grazing permits terminated and cattle were 
removed from the Monument, clearing way for a slow return 
of the vegetation to its former natural state. Even
tually the Harris' Hawk may become more abundant at Organ 
Pipe Cactus National Monument.
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The Present Population

The Harris' Hawks present range in Arizona is 
heavily influenced by the availability of suitable 
paloverde-saguaro desertscrub (the hotter, more arid 
Lower Colorado Desert does not appear to be used either 
for nesting or wintering). No nesting ranges were found 
outside of this habitat type (Arizona Upland subdivi
sion) ; yet, no nestings nor sightings of these Hawks 
were noted in the western regions of this subdivision 
(Figure 2). In the western regions of the Arizona 
Upland subdivision (near the Yuma County line) the 
rodent and lagomorph populations were noticeably lower 
than in areas eastward, this likely being due to reduced 
structural complexity of the community westward. Like
wise, the increasing aridity and temperature from east 
to westward along with changes in soil texture and 
composition have influenced plant distribution (Musick, 
1975). In many areas plants are restricted to arroyos 
with the intervening level and sparsely vegetated areas 
being covered with desert pavement. These more westerly, 
less complex areas of the Arizona Upland Desert are 
apparently not conducive to Harris1 Hawks for wintering 
and nesting (yet. Red-tailed Hawks appear to do well 
here).
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In summary, the Harris' Hawks in Arizona seem to 

prefer the most structurally complex habitats within the 
Sonoran Desert where prey species density and diversity 
is the greatest. Mader (1978) also observed that Harris' 
Hawks in his study areas occupied the more structurally 
complex habitats of the Sonoran Desertscrub community.

The present nesting range of the Harris' Hawk in 
Arizona has greatly decreased since the early 1900's due 
to the extirpation of the Colorado River population and 
other small populations along major interior river 
systems. Along two of these river systems (the Gila and 
Santa Cruz rivers) the habitat has been severely altered. 
Loss of habitat has likely been the major cause for the 
decline of the hawks that once nested in these riparian 
communities in former years.

With the current threat of urban sprawl near 
several areas of Harris' Hawk concentration, and because 
this hawk appears to be habitat restricted in its current 
nesting habits there may be a continued loss of nesting 
range in Arizona. Nesting ranges near Tucson are 
currently experiencing a marked decline as a result of 
rapid urban development. Other areas that are threatened 
by urban development are near Cave Creek, Rio Verde, 
Apache Junction, and Florence (see Figure 16).



Figure 16. Development and golf course near Phoenix. —  This develop
ment, constructed in excellent Harris' Hawk habitat in 
1978, is characteristic of the slow process of habitat 
destruction that may be a major threat to the species in 
Arizona. Photo by L. K. SowIs.
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In order to determine susceptability of the 

population to possible future habitat encroachment, I 
determined land ownership status for 306 active nest 
sites (Table 7). Seventy-three (23.9 percent) of the 
active nests were on patented land and are therefore more 
vulnerable to the effects of man's present and future 
activities. Those nests that are located near the 
periphery of patented lands may actually be as insecure 
as those on patented lands. Thus, it should not be 
concluded that just the 73 nest sites reported are 
exposed to habitat loss of this nature.

Although some Harris' Hawks are tolerant of
human habitation, all to often man does not tolerate the 
close presence of the hawks. For example, at a pine 
tree nest located just a few meters from a house in a 
residential area Harris' Hawks had fledged young 
successfully for at least two years, when unexpectedly a 
neighbor shot one of the adults and its recently 
fledged young.

Both the State of Arizona Land Office and the 
State Game and Fish Department have major portions of 
the responsibility for the protection and management of 
the Harris' Hawk population in the state with 46 percent 
of the active nest sites on land under their jurisdic
tion. The U.S. Bureau of Land Management also shares an



Table 7. Land ownership status for 306 nest sites and 396 nesting attempts in 
Arizona.

Land
Ownership

Number of 
Active Nests

Percentage 
of Total

Number of 
Nesting Attempts

Percentage 
of Total

State Trust Land 140 45.8 184 46.5
Patented Land 73 23.9 84 21.2
BLM Land 40 13.0 57 14.4
Forest Service 18 5.9 24 6.0
Indian Reservation 18 5.9 23 5.8
Patented or State 7 2.3 10 2.5
BLM or State 5 1.6 8 2.0
Regional Park 3 .9 3 .8
U.S. Park 2 .7 3 .8

Totals 306 100.0 396 100.0

W



important part of this responsibility with at least 40 
active nesting ranges on their lands.

Phenology of the Breeding Season 
The Harris’ Hawk is in some stage of the breeding 

cycle year-round in Arizona which gives it the distinc
tion of having the longest known "breeding season" (as 
defined by Moreau, 1950:223) of any temperate North 
American falconiform. The January nesting observed 
during this study (Ellis and Whaley, 1979) is the 
earliest known for this species. Radke and Klimosewski 
(1977) discovered a nest near Phoenix, Arizona, which 
fledged young on 2-4 December. Thus Harris' Hawks in 
Arizona are known to lay eggs in January and fledge 
young in December. In Sonora, Mexico (27°N), this hawk 
is known to lay eggs in November (Ellis and Whaley, 1979). 
This suggests that it may be a continuous breeder in 
parts of Sonora, which is likely not the case in the more 
northern Arizona population. The bulk of the nesting 
cycles in Arizona have obvious peaks which fall off 
toward August (Figures 9, 10, and 11), with no egg 
laying being recorded for the period October through 
December. The terminology "continous breeder" follows 
Immelmann's (1971:343) definition, meaning within a 
population eggs were laid during every month of the year.
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Lack (1968:303-304) and Immelmann (1971:342) have 

suggested that since the reproductive period is the most 
rigorous and critical period of a birds annual cycle it 
is imperative that it be scheduled for a time when young 
can most profitably be raised, with a minimum of energy 
expenditure on the part of the adults. A good example, 
Eleanora's Falcon of the Mediterranean region, breeds in 
August when it can feed its young on the numerous 
passerines in full migration. The adult falcons feed 
mainly on insects during the summer months. The Harris' 
Hawk breeds early in Arizona, March being the month when 
most adults start incubating the eggs (Figure 9), and 
April being the month when most hatching occurs 
(Figure 10). The Harris' ground squirrel, an important 
prey species of the Harris' Hawk, breeds from late 
February to May with its conception period running from 
31 March to late May (Neal, 1965). Thus, young Harris' 
ground squirrels are born during a period when the bulk 
of Harris' Hawk eggs are hatching. The cottontail 
rabbit breeds year-round in Arizona with peaks for con
ception starting about April (peak hatch in Harris'
Hawks) and running through July (Hungerford, Lowe, and 
Madsen, 1973) The white-throated woodrat, a third im
portant mammalian food species of this hawk, has successive 
litters from January to August (Vorhies and Taylor, 1940)
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which spans the time during which most Harris' Hawks are 
breeding. It appears that the local abundance and long 
breeding seasons of the above prey species significantly 
influences the ability of this hawk to start breeding 
early in the year, and to breed over a wide range of 
months.

Several other important prey species (Table 6) 
which have long breeding seasons are: Gambel's Quail
which nests from March to September (Bent, 1932); Cactus 
Wrens which raise three broods from February to August 
(Anderson and Anderson, 1960); Curve-billed Thrashers 
(Toxostoma curvirostre) which nest from February to July 
(Smith, 1971); and Mourning Dove (Zenaidura maarouva 
mavginella) which nest from March to September (Brown, 
1967). Harris' Hawks are capable of taking a wide 
range of vertebrate species (Table 6) when compared with 
numbers of species taken by other raptors of the 
Sonoran Desert. This may have had a positive influence 
toward the development of an extended breeding season 
(Immelmann, 1971:352).

Influence of Timing on 
Multiple Nesting Attempts

Lack (1968:304) concluded that where the environ
ment permits a species to raise more than one brood in a 
year, it tends to start breeding as early as possible
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even though the timing of the first nesting attempt may 
be less favorable for breeding. During this study I 
observed that the occurrence of second and third nesting 
attempts by Harris' Hawks appeared to be influenced by 
the timing of the first breeding attempts (see Figure 9). 
The crosshatched area of the graph represents beginning 
of incubation for the first of two (or three) clutches 
categorized by month. The shaded area represents the 
total of all clutches set monthly. Of 32 "multiple 
clutching females" (hatched area) one (3 precent) started 
incubation of the first clutch in January, 19 (60 
percent) started incubation of the first clutch in 
February, 11 (34 percent) started incubation of the 
first clutch in March, and one (3 percent) started incu
bation of the first clutch in April. The chance that a 
second clutch would be laid was higher when the first 
clutch was started between January and March. The 
January laying appearing in Figure 9 represents the 
first of three clutches produced (by a trio) in 1976.
The open area of the graph represents the start of 
incubation of second clutches categorized by month.
Most of the eggs in nests laid during June, July, and 
August were of second or third clutches.
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Asynchronous Breeding

In Harris' Hawks there is considerable overlap 
between the incubation stage, the hatching stage and the 
fledging stage (laying and fledging in April to laying 
and fledging in August) (Figure 9 and 11). Such large 
overlaps between stages of the annual nesting cycle are 
not found in other North American raptors. This is 
caused by the asynchrony in egg laying (and double 
broodedness) found in this hawk. The asynchrony in egg 
laying may be caused by the physiological cycle of the 
various individual hawks or pairs as determined by the 
time of year they fledged (i.e., birds fledged during 
different months of the breeding season become repro- 
ductively mature during different months of the ensuing 
breeding seasons). A bird fledged early in year A may 
be capable of breeding late in year B which may then 
influence time of breeding in year C. Mader (1977b) 
found that a color-banded sub-adult female that had 
fledged in May (Mader, pers. comm.) 1973, laid three 
eggs in August 1974. Regrettably it was undetermined if, 
or when, this female nested in 1975. Young that fledged 
between the third and seventh of April 1976 (the 
earliest fledging date for this study) may have been 
quite capable of breeding in 1977. Also, at three nests



attended by sub-adult hawks, setting dates were rela
tively late, 28 April, 7 May, and 22 May.

Immelmann (1971:343) stated that in "continuously 
breeding species" (commonly equatorial rainforest 
species) every individual or pair goes through its own 
cycle of activity, and the population is in a complete 
spectrum of reproductive stages. This appears to be 
partly true for temperate latitude Harris' Hawks with 
their non-continuous, but exceptionally long breeding 
season.

Second Nesting Attempts 
and Nest Use

I attempted to determine if the result (success 
or failure) of a first nesting attempt had an influence 
on choice of nest (same or alternate) for a second nest
ing attempt in Harris' Hawks. There appeared to be 
little influence on choice of nests (Table 8). Twenty- 
six (43 percent) of the extra clutches were in the same 
nest and 35 (57 percent) were in alternate nests, thus 
indicating about equal use between same and alternate 
nests for second attempts. In nesting ranges where the 
first and second nesting attempts were in the same nest, 
78 percent of the second attempts were successful when 
they followed successful first attempts, and 63 percent 
of the second attempts were successful when they followed
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Table 8. Comparative nesting success between same and alternate nests for extra 
clutches.1

Nest Used in Second Attempt

Same Nest Alternate Nest

Percent Successful Percent Successful

Nest Used 
(n) • 26 35

Success When:
a. First Attempt

Successful (n = 39) .78 .71
b. First Attempt

Failure (n = 22) .63 .57

1. Data based on 61 extra nesting attempts for 1976 and/or 1977.
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failures. In nesting ranges where the second nesting 
attempts were in alternate nests, 71 percent of the 
second attempts were successful when they followed 
successful first attempts and 57 percent of the second 
attempts were successful when they followed failures in 
the first nesting attempts. It thus appears that the 
outcome of a first nesting attempt has an insignificant 
influence on nest choice for a second nesting attempt.

Productivity
Bendire (1892) reported that sets of four eggs 

were not uncommon in Texas and that in Arizona and 
lower California two were the rule. The Harris' Hawks 
which I studied laid an average of 3.16 eggs per clutch. 
Five nests contained five eggs each, a clutch size which 
to my knowledge, has not before been reported for 
Arizona Harris' Hawks. An average clutch size of 2.96 
for an earlier Arizona study (Mader, 1975a) compares 
well with figures from this study (Table 9). Griffin 
(1976) obtained an average of 2.85 eggs per clutch for 
20 clutches during a Texas study. Some females appeared 
to be exceptional egg layers; two females each laid a 
total of 16 eggs under natural conditions during the two- 
year period. The hawks in each case were not color- 
marked but were assumed to be the same birds each year 
for the following reasons: one female laid three



Table 9. Comparative egg production of Harris' Hawks in Arizona.

Clutch Size

Number of 
Nests 1 2 3 4 5

Total Number 
of Eggs

Mean Clutch 
Size

1976 67 1 15 35 12 4 204 3.04
1977 95 3 14 38 39 1 306 3.22
Total number of 
nests and eggs 162 4 29 73 51 5 510 3.16
1969-1973*
Total number of 
nests and eggs 50 4 11 18 17 0 148 2.96

*Data from Mader (1975a)
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clutches of eggs during both years, and she always 
started the first clutch exceptionally early in the year; 
the other female laid two clutches of four eggs in both 
1976 and 1977 and all but one clutch was in the same 
nest.

Evidences from unusually large clutches suggest 
that Harris' Hawks may occasionally be polygynous.
Rowley (1936) found a nest on 22 March 1936 along the 
Colorado River near Blythe that contained seven eggs. 
Because of differences in the size and shape of three of 
the eggs he believed that this clutch had been laid by 
two females. On 11 April 1978 two raptor enthusiasts, 
Suzie Morin and Jim Dawson (pers. comm.) found a nest 
containing five eggs, two of which were of a yellow hue 
and smaller size. A sub-adult female (sex determined by 
size) was on the nest when they arrived, and an adult 
pair (male and female by size comparison) was also 
present.

I report nesting success using the two cate
gories "young per attempt" and "young per successful 
attempt" for purposes of comparison with earlier studies 
and for a clearer interpretation of data. Yet, the 
category "young per attempt" is inflationary because of 
nest failures that sometimes go unnoticed which results 
in less valuable comparative data, while the category
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"young per successful attempt" measures a real population 
parameter which is more valuable in a comparative sense, 
but inflationary in a real sense.

Nesting success of the Harris1 Hawks which I 
observed compared well with the results of an earlier 
study (Mader, 1975a; Table 10). The work of R. Griffin 
in New Mexico (1975, unpub. MS) also produced similar 
results, with 1.59 and 2.45 young per attempt and young 
per successful attempt respectively. In Texas, Griffin 
(1976) found that Harris' Hawks fledged .83 and 1.87 
young per attempt and young per successful attempt 
respectively. The number of young fledged per attempt 
in the Texas study is considerably lower (nearly 50 
percent) than that determined for the Arizona popula
tion.

Some confusion was created in a recent publica
tion concerning Texas and Arizona Harris1 Hawk 
populations. During his comparative analysis, Griffin 
(1976) erred by comparing his data for "no. chicks per 
successful nests" (1.87) with Mader1s data (1975a) for 
"no. checks per all attempts" (1.60). Griffin should 
have used his .83 value for young fledged per all 
attempts (Table 10). This resulted in the incorrect 
statement that production per nest was slightly higher
in Texas than in Arizona, when in reality production was



Table 10. Comparative productivity in the Harris' Hawk from various studies.

Total Number 
of Nesting 
Attempts

Number of 
Successful 

Nests
Number of 

Young
Young Fledged 

Per all Attempts
Young Fledged 
Per Successful 

Attempts

Total nests 
and young 
(this study) 319 229(72%) 518 1.62 2.25
Total nests 
and young* 3- 
(Arizona) 50 34(68%) 80 1.60 2.35

Total nests 
and young2 
(Texas) 18 8(44%) 15 .83 1.87

Total nests 
and young3 
(New Mexico) 17 11(64%) 27 1.59 2.45

*Data from Mader (1975a).

^Data from Griffin (1976).
3Data from R. Griffin (1975), unpublished MS.

oom
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considerably lower in Texas than in Arizona. A large 
part of the low productivity in the Texas population is 
likely caused.by high nest failure (56 percent)

Double Broodedness and Enhanced 
Productivity

Lack (1954:22) stated that a species or popula
tion would tend to produce the maximum number of 
offspring that it could produce under the prevailing 
circumstances. Harris' Hawks in Arizona are able to 
increase their reproductive output by raising more than 
one brood per year. The frequency of occurrence of extra 
nesting attempts in Harris' Hawks may be influenced by:
(1) the quality of the habitat (prey abundance); and
(2) the number of adults attending a nest; plus several 
other dynamically interrelated factors which will not be 
discussed here. A late nest discovered by Radke and 
Klimosewski (1977) appears to give some credence to the 
first category (habitat quality). The nest was located 
in excellent Harris' Hawk habitat during a time of high 
cottontail rabbit abundance, and it appeared to be a 
second nesting for the year. Several nests observed 
during this study were also located in optimum habitat, 
yet some hawks within these areas still produced only one 
clutch of eggs. The only nesting range where three 
clutches of eggs were laid in one year (no. 13) was
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located in an area of high cottontail rabbit abundance 
(territory no. 13 fledged five young in 1976 and four 
young in 1977 and was attended by three adults both 
years). Mader (1978) discussed a habitat quality 
hypothesis under similar views but was not specifically 
concerned with multiple clutching.

In support of category two (the number of adults 
at a nest), of 36 pairs and trios that renested following 
a successful earlier nesting, 27 (75 percent) involved 
three adults and only nine (25 percent) involved two 
adults. There may be a bias when determining the 
number of adults in attendance at a nest (see Mader,
1975b for biases) which may alter these values slightly. 
Harris' Hawk trios fledged an average of 3.96 young per 
year, while pairs fledged an average of 3.00 young per 
year. For trios, 97 percent of the nesting attempts 
were successful, and for pairs, 71 percent of the nest
ing attempts were successful. By raising two broods, 
extraordinary fecundity was attained by Harris' Hawks at 
11 nesting ranges: three adults at five nesting ranges
produced five; three adults at four nesting ranges
produced six; and three adults at two nesting ranges 
produced seven young per year.

The above data suggests that Harris1 Hawk trios 
not only renest after an earlier successful nesting more
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often than do pairs, but that they also suffer less nest 
failure, and are able to produce more young per year. 
Mader (1975b) discussed nest-helping in terms of 
increased nesting success, but he did not explain how 
this increased success may come about. In the above 
disucssion I have explained how a "nest-helping strategy" 
may be linked with double broodedness thereby enabling 
some Harris' Hawks to increase their productivity. The 
nest-helper system of this hawk may be an important 
breeding strategy in helping to offset the high loss in 
productivity (50 percent) that is incurred between egg 
laying and fledging (Table 5).

A nest-helper system, as discussed above, should 
only develop when a species has excess males in the 
population, otherwise it would be more productive, under 
favorable environmental circumstances, for one male to 
pair with a female. The trapping results of Mader 
(1975b) indicated a 2.8 to 1.0 male to female ratio, 
while my results showed an even sex ratio in nestlings 
(1.2 male to 1.0 female). Their sex ratios suggest that 
sometime after fledging there may be a higher mortality 
rate in females than in males.
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Migration and Dispersal of Young
In Arizona the Harris' Hawk appears to be non- 

migratory. I found that they occasionally wandered 
during winter, but generally stayed near or within their 
nesting ranges. Mader (1975a) trapped adults in the 
winter that nested in the same area the following spring. 
Families often banded together during the winter months. 
On two occasions I saw large winter groups of seven and 
eight hawks that were comprised of adults and banded 
juveniles. On 21 January 1978 Suzie Morin and Jim 
Dawson (pers. comm.) saw 12 adult and juvenile Harris' 
Hawks soaring together over a mesquite thicket near the 
Verde River. Wilder (1916) also noted large winter 
groups (10 to 20 hawks) along the Colorado River in 
early December 1902.

Many of the early reports of large migrating 
flocks of Harris' Hawks are unreliable. Frank Richmond 
reported 400 to 500 Harris' Hawks in a field in southern 
California on 22 October 1920 (Chambers, 1921), and a 
flock of 250 near the same field on 28 August 1923 
(Chambers, 1924) . The Tucson Bird Club reported a flock 
of 160 hawks "half of which were Harris' Hawks, the 
balance being Swainson's Hawks," just south of Tucson on 
12 April 1942 (Allan R. Phillips, senior author of The 
Birds of Arizona, pers. comm.). It is questionable
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where such large numbers of Harris' Hawks would be going 
when they have such a long breeding season which affords 
no time for migration. The April sighting by the Tucson 
Bird Club is especially questionable because during 
April Harris' Hawks are nearly at the height of the 
breeding season.

Color-marked juveniles were observed within 
their parent's nesting ranges, often within the immediate 
vicinity of the nest, until termination of this study 
(ca. 150 days after fledging). On 10 November 1977 R. 
Glinski (pers. comm.) trapped a color-banded Harris'
Hawk less than .4 km from where it had fledged ca 173 
days earlier. On 22 occasions in 1976 I saw birds in 
juvenal plumage within active nesting ranges, but these 
unmarked birds could not be identified with a parental 
nesting range. In 1977 I observed that within those 
nesting ranges where nesting occurred twice in one year, 
the color-marked juveniles of the earlier nesting 
attempts were allowed within the immediate vicinity of, 
and often on the nest, that contained eggs or young of 
the second nesting attempt. I observed this nine times. 
These juveniles often seemed as concerned about my 
presence as the adults.

On 12 May 1977 I observed two juveniles that had 
fledged two or three weeks earlier from an alternate
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nest, sitting on a clutch of three eggs of a second 
nesting attempt. The two juveniles were flushed from the 
nest, and upon my departure one of the adults settled 
onto the eggs. On 17 June (one month later) the nest 
contained two small chicks and the two aforementioned 
juveniles were still present and only 45 meters from the 
nest.

In another instance on 17 August 1977 I observed 
two adults, one carrying prey, land on a nest containing 
one 11-day-old chick. They were immediately followed 
onto the nest by a color-banded male that had fledged 
from the same nest ca. 90 days earlier.

Finally, on 24 September 1977, I banded three 
nestlings from a second nesting attempt; the first 
attempt fledged three young ca. 120 days earlier. While 
I was engaged in banding these young below their saguaro 
cactus nest, a banded juvenile female, from the earlier 
nesting, brought prey to the nest. She remained there 
for approximately three minutes and appeared to be 
eating. When she discovered me she gave alarm calls and 
started soaring. These incidents suggest that where two 
broods are raised, the young from the first brood may 
retain close ties with their parents and may actively 
perform nest-helping roles during subsequent nesting
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attempts. My observations suggest that this may happen 
at least on a limited scale. If the activities performed 
by the first brood offspring, belt participating in group 
hunting activities, etc., enhance the reproductive 
success of their parents during their subsequent nesting 
attempts, the parents should be less inclined to expulse 
the first brood offspring from the nesting territory, 
which appears to be the case. This would be beneficial 
to the first brood offspring (and the family group) by 
allowing them experience in nesting activities, while 
also increasing their chances for survival through the 
first winter. The helper system of the Harris' Hawk may 
prove to be similar to that found in the Florida Scrub 
Jay (AphelaQoma ooerulesoens) (Woolfenden, 1975).

Young Galapagos Hawks also remain within their 
natal territories for several months after fledging and 
occasionally retain close ties with their parents 
(de Vries, 1973:13). On one occasion de Vries witnessed 
a five-month-old juvenile still begging food from the 
male parent while the female was incubating eggs of a 
second nesting attempt. Such behaviors are rare in the 
falconiforms.

Management Recommendations 
The amount of suitable paloverde-saguaro habitat 

is limited, consequently any significant loss of habitat
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is a prime threat to the welfare of the Harris' Hawk 
population in Arizona. Because this hawk appears to be 
habitat-restricted in its present nesting distribution 
(Figure 2), and because it has declined from its former 
range and is presently threatened with further reduction 
in range by way of habitat encroachment, the habitat 
preservation aspect of the management plan for Harris1 
Hawks in Arizona is most critical. Public lands with 
paloverde-saguaro habitats that support resident popula
tions of Harris' Hawks should be preserved. These lands 
should be set aside from possible future private 
acquisition. In the 1970's the U.S. Forest Service 
unknowingly relinquished, through a land trade, at least 
ten active nesting ranges of the Harris' Hawk in the 
Tonto National Forest. Real estate signs are now 
throughout the area, and roads criss-cross the habitat.

There is excellent management potential for 
several sections of land administered by the U.S. Bureau 
of Land Management which support high nesting densities 
of Harris' Hawks, plus nesting populations of several 
other raptor species. Because some of these sections 
are situated far from the threats of urban and suburban 
development, they may become increasingly important in 
the future if the Harris' Hawk continues to lose nesting 
habitat in Arizona.
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Disturbance and harassment to nesting Harris'

Hawks during the egg and early nesting phase can be an 
important source of mortality, especially within the hot 
climate of the Sonoran Desert in Arizona. Excessive use 
of off-road vehicles in Harris1 Hawk habitat during 
February, March, April, and May can have a detrimental 
effect on nesting success, especially when nests are 
within 30 meters of a road or trail as is the case along 
some sections of powerline near Phoenix. Some of these 
areas receive heavy weekend off-road vehicle traffic. 
Restricted access to these heavily used trails during at 
least the four months mentioned may alleviate much nest 
disturbance (a potential egg loss), while further reduc
ing the number of hawk shootings that likewise have 
occurred in these areas.

Proposed sites for future construction activities 
on public lands located within the present nesting 
distribution (Figure 2) should be thoroughly studied to 
determine if they are occupied by resident Harris' Hawks. 
Construction corridors (e.g., powerlines, aqueducts, 
etc.) should be sited to avoid active nesting ranges.

Construction of water storage reservoirs in, or 
adjacent to Harris' Hawk nesting habitat may adversely 
affect local hawk populations. Disturbances to nesting 
hawks may be caused by excessive noise and human activity



95
created during the construction phase (e.g., construction 
of access roads, storage areas, camps, etc.) or through 
recreational activities upon completion (for open water 
storage reservoirs). These activities should be confined 
to certain designated areas detached from the Harris'
Hawk population.

Buffer zones or similar restrictions should be 
established in areas with frequent camper use that are 
also heavily used by nesting Harris' Hawks. Out-of-state 
campers (and residents) routinely visit the warm Sonoran 
Deserts of Arizona during winter months (i.e., February, 
March, and April) at a time when the majority of Harris' 
Hawks are in the early nesting stages. Many prefer 
camping in Arizona Upland deserts, often (unknowingly) 
in the immediate proximity of nesting Harris' Hawks. On 
12 February 1977 I encountered some Montana tourists that 
were camping between, and less than 40 meters from two 
Harris' Hawk nests, one of which had been active in 
1976. The nesting activities of the adult birds occupy
ing these sites was obviously disrupted. The campers 
knew nothing of the conspicuous saguaro nests that were 
so near, nor did they know that hawks were trying to 
return. They moved when I explained the situation to 
them.
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The electrocution of Harris' Hawks on powerlines 

may be a more serious problem than is indicated by the 
eight individuals that were recorded during this study. 
Electrocuted birds probably often go unnoticed, and when 
noticed by the general public may not be reported to 
wildlife officials. In areas where electrocuted hawks 
are regularly encountered certain modifications should be 
made to the existing poles by following the suggestions 
in Miller et al. (1975). Only pole configurations for 
lines carrying less than 88 kV (lines for local power 
distribution) are known to cause raptor electrocution 
(Ellis, Goodwin, and Hunt, 1978:83). Electrocution 
mortality is probably greatest in areas where local power 
distribution lines are abundant in good Harris' Hawk 
habitat (e.g., some areas north of Phoenix, near Apache 
Junction, and near Tucson).

When new high-voltage powerlines must traverse 
the Harris' Hawk habitat, the power company should be 
required to place nesting platforms in towers as a 
mitigation for loss of habitat along the corridor.
Harris' Hawks will use powerline towers for nesting when 
an adequate base for nest materials is provided: I
located six active Harris' Hawk nests in towers during 
this study; Ellis et al. (1978:93) in 1977 found an 
active nest in a 230 kV ac tower in Sonora, Mexico; and



97
Ellis and Whaley (1979) in 1978 found a nest in a tower 
along high-voltage lines in southern Sonora, Mexico.
Public access to maintenance roads along these powerlines 
should be limited or altogether prohibited, since hawks 
perched or nesting in towers are conspicuous and liable 
to being shot. Ellis, Smith, and Murphy (1969) found 30 
dead raptors, in various stages of decay, in one day 
along a 19 km stretch of utility poles paralled by a 
gravel road in western Utah. I recovered an adult pair 
of Harris' Hawks that was shot from a tower near Apache 
"Junction in 1977. The pair had nested in an adjacent 
tower in 1976. Ronald Feldman (birdwatcher residing near 
Apache Junction, pers. comm.), observed a man shoot a 
Harris' Hawk which was sitting on a tower in the same 
area in 1973. Feldman also observed the aforementioned 
1977 shooting.

The extent of Harris' Hawk drownings in water 
tanks is not known, but it may be an important mortality 
factor. This type of mortality may be even more pro
nounced during exceedingly dry years. Open vertical
sided water tanks are a hazard to Harris' Hawks and other 
birdlife that enter the water to bath or to drink. Birds 
entering the water in these tanks when the depth is 
beyond their leg reach may be unable to leave the water 
surface and regain the rim of the tank, especially when
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the water surface is a foot or more below the rim. This 
hazard can be remedied by placing a plank diagonally 
(at a shallow angle) down into the water tank so that 
birds may have easy access to, and departure from, the 
water surface. When these tanks are being used in 
Harris' Hawk habitat the individual ranchers concerned 
should be asked to comply by making the tanks safe for 
the local wildlife.



APPENDIX A

MUSEUM MATERIALS PERTINENT TO THE HISTORIC 
DISTRIBUTION OF THE HARRIS' HAWK IN 
ARIZONA AND CALIFORNIA (PRE 1970).
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Museum
Specimen Number
Type, and Sex Date Location Collector

A — C E N T R A L  A R I Z O N A  ( E A S T E R N  A R E A S )
Carnegie Museum, 126295 18 Sep
Pittsburgh skin P
Cincinnati Museum 28232 3 Mar
Natural History, skin M
Cincinnati
Denver Museum Natural 23055 29 Apr
History, Denver skin
Louisiana State 61054 7 Dec
University Museum of 
Zoology
Museum of Northern 28.165 8 Oct
Arizona, Flagstaff skin
National Museum of 46 4 Jan
Natural History, 
Washington, D.C.

(1 egg)

141103 
skin M

13 May

141104 
skin F

13 May

1940 4 mi. ME. Apache 
Jet., Arizona

A. C. Twomey

.1921 15 mi. E. Mesa, 
Arizona

R. Kellogg

1941 Superior, Arizona R. J. Niedrach

1938 Florence, Arizona W. J. Sheffler

1933 Blue Point along 
Salt River, Arizona

L. Hargrave

1872 (near Saurita Pass) 
18 mi. SE. Tucson, 
Arizona

C. Bendire

1889 Phoenix, Arizona V. Bailey

1889 Phoenix, Arizona V. Bailey
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Museum
Specimen Number, 
Type, and Sex Date Location Collector

141105 
skin M

13 May 1889 Phoenix, Arizona V. Bailey

141106
skin

13 May 1889 Phoenix, Arizona V. Bailey

141107 
skin F

13 May 1889 Phoenix, Arizona V. Bailey

127535 
skin F

3 Aug 1892 San Bernardino 
Ranch, Arizona

E. Mearns

San Jose State Univ. 
School of Science, 
San Jose

3766 
skin M

17 Jul 1933 4 mi. E. Apache 
Junction, Arizona

D. D. McLean

Santa Barbara Museum 
Natural History, 
Santa Barbara

0-13
2 egg set

1 Jun 1907 Miller Canyon Wash, 
Arizona

F. C. Willard

University of Arizona, 
Aves Collection,
Tucson

4039 
skin F

10 Dec 1890 Near Fairbank, 
Arizona

H. Brown

4048 
skin M

10 Dec 1890 Near Fairbank, 
Arizona

H. Brown
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M u s e u m
S p e c i m e n  N u m b e r ,  

T y p e , a n d  S e x D a t e L o c a t i o n C o l l e c t o r

1133 
skin F

.23 Jul 1932 10 mi. S. Tucson, 
Arizona

D. M. Gorsuch

REMARKS: nesting along Santa Cruz River at Weisner’s bee ranch.
4040 
skin F

17 Jun .1958 8 mi. NE. Pinnacle 
Peak, Arizona

N. C. Woolsey

8920 
skin M

16 Dec 1966 2 mi. W. Quijota, 
Arizona

Salter

9653 
skin M

5 Feb 1967 10 mi. S. Sells, 
Arizona

Huber

University of Kansas 
Museum Natural 
History, Lawrence

31678
skeleton M

1 Sep 1953 Near Gila Bend, 
Arizona

V. Housholder

Virginia Polytechnic 
Institute and State 
University, Blacksbury

skin 15 Jul 1921 30 mi. N. Florence, 
Arizona

skin 15 Jul 1921 22 mi. NE. Florence, 
Arizona
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Museum
Specimen Number
Type, and Sex Date Location Collector

Western Foundation 
Vert. Zoology,
Los Angeles

62838 
3 egg set

4 Apr 1940 Near Florence Junction, 
Arizona

W. J. Sheffler

B— •COLORADO RIVER AND CALIFORNIA
Carnegie Museum, 
Pittsburgh

126364 
skin M

27 Sep 1940 10 mi. NE. Yuma 
(Laguna Dam), Arizona

A. C. Twomey

Field Museum of 
Natural History, 
Chicago

52232 
skin M

Sep 1896 San Diego, California Snyder

103541 
skin M

6 Sep 1896 San Diego, California E.K.K.

Fish and Wildlife 
Service, Patuxent 
Wildlife Research 
Center

3044 
skin F •

28 Nov 1934 Calipatria, California Ira N. 
Gabrielson

3045 
skin F

28 Nov 1934 Calipatria, California Ira N. 
Gabrielson

Harvard University 
Museum Comparative

150018 
skin F

6 Nov 1896 San Diego, California C. W.
Chamberlain

Zoology, Cambridge 103



Specimen Number,
Museum Type, and Sex Date Location Collector

Los Angeles County 
Museum of Natural 
History, Los Angeles

3521 
skin M

6 Jun 1919 El Centro, California W. L. Chambers

4807 
mount M

8 Feb 1923 Neighbours, California Stubblefield

5925 
skin M

27 Mar 1914 Blythe, California Daggett

National Museum of 
Natural History, 
Washington, D.C.

133025 
skin M

1892 Colorado River 
(at Monument)

Mearns and 
Holzner

184841 
skin M

8 Aug 1902 75 mi. SW. Ehrenberg, 
Arizona

F. Stephens

184842 
skin F

5 Aug 1902 Ehrenberg, Arizona F. Stephens

Royal Ontario 
Museum, Toronto

36094 
skin F

21 Jul 1886 Sweetwater, California

36095 
skin M

Oct 1896 San Diego, California
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Museum
Specimen Number
Type, and Sex Date Location Collector

San Diego Natural 1842 17 Nov 1912 Mission Valley,
History Museum, skin M California
San Diego

9636 24 Oct 1924 1 mi. N. Potholes,
skin F California
9672 31 Oct 1924 1 mi. N. Potholes
skin M (Laguna Dam), California

30963 16 Jun 1924 1 mi. N. Potholes,
skin F (Laguna Dam), California
30964 16 Jun 1924 1 mi. N. Potholes
skin M (Laguna Dam), California

30965 16 Jun 1924 1 mi. N. Potholes
skin F (Laguna Dam), California

Santa Barbara Museum 236-1 7 May 1907 Brawley, California J. C. Fortiner
Natural History, 3 egg set
Santa Barbara

University of Arizona 4037 23 Jan 1905 Yuma, Arizona H. Brown
Aves Collection, skin M
Tucson



Specimen Number,
Museum Type, and Sex Date Location Collector

University of California 14,750 1 Jan 1925 Laguna Dam, California A. J. van
Department of Biology, 
Los Angeles

skin F Rossem

R E M A R K S :  S p e c i e s  f a i r l y  c o m m o n  t h i s  d a t e .  U s u a l l y  s e e n  i n  f l o c k s  o f
f i v e  o r  s i x ,  p r o b a b l y  f a m i l y  p a r t i e s  o f  t h e  p r e v i o u s  s p r i n g .

University of California 
Museum Vert. Zoology, 
Berkeley

24926 
skin F

1 Nov 1914 ^ mi. S. Palo Verde, 
California

Leo Wiley

26433 
skin F

23 Dec 1915 2^ mi. S. Palo Verde, 
California

Leo Wiley

26434 
skin F

23 Dec 1915 2*3 mi. S. Palo Verde, 
California

Leo Wiley

University of Puget 
Sound, Museum Natural 
History, Tocoma

15965 
skin M

30 Apr 1951 25 mi. N. Blythe, 
California

E. Harrison

Western Foundation 
Vert. Zoology,
Los Angeles

10,076 
4 egg set

31 Mar 1920 Calipatria, California A. Rood

3978
3 egg set

28 May 1951 6 mi. E. Blythe, 
California

E. Harrison 106



Specimen Number, 
Museum Type, and Sex Date Location Collector

15,936 4 May 1952 Palo Verde, California J. B. Dixon
3 egg set
68443 19 Mar 1953 1*2 mi. N. Palo Verde, A. Andersen
3 egg set California
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APPENDIX B

A SELECTED LIST OF REFERENCES* PERTINENT TO THE 
HISTORIC DISTRIBUTION OF THE HARRIS' HAWK 
IN ARIZONA AND IN CALIFORNIA ALONG THE 

COLORADO RIVER (PRE 1970).

♦References exclude those used in the text.
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Sighted Only
Literature Reference Date Location Nesting (Number)

A— CENTRAL ARIZONA (EASTERN AREAS)
Chambers, W. L. and
H. Roberts. 1936 Condor
39:93

Sep 1935 Papago Indian Reservation 6

Law, L. B. 1936. Condor 
38:93

Sep 1936 Papago Indian Reservation 6

Beck, B. B., et al. 
Condor 75:466-470

1973. Jan 1969 N.W. boundary Organ Pipe 
Cactus National Monument

1

Bird Lore 33, 1931 21 Dec 1930 N.E. of Phoenix 1
Bird Lore 34, 1932 20 Dec 1931 N.E. of Phoenix 1
Audubon Field Notes 
1948

2, 2 Mar 1948 at Tucson 3

Audubon Field Notes 
1956

10, 8 Oct 1955 Near Salt River E. of 
Phoenix

7

Audubon Field Notes 
1957

11, Jan 1957 Catalina Foothills N. of 
Tucson

6

15 May 1957 Catalina Foothills N. of 
Tucson
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Literature Reference Date Location
Sighted Only

Nesting (Number)

Audubon
1958

Field Notes 12, Mar 1958 Catalina Foothills N. 
Tucson

of *

May 1958 Catalina Foothills N. 
Tucson

of *

Audubon
1960

Field Notes 14, 27 Mar 1960 Near Silver Bell Mountains 
NW of Tucson

*

Audubon
1965

Field Notes 19, 3 Feb 1965 Near New River 8

Audubon
1969

Field Notes 23, 29 Dec 1968 N e a r  T u c s o n  M o u n t a i n s 2

23 Dec 1968 Near Lukeville 1

Audubon
1970

Field Notes 24, 28 Dec 1969 Near Lukeville 3

B - -COLORADO RIVER
Dawson, W. L. 
Condor 18:22-3

1916
10

9-12 Feb 1913 Near Laguna Dam several

Peyton, S. B. 1936 1936 Near Blythe *
Condor 38:252 110



Literature Reference Date Location
Sighted Only

Nesting (Number)

Bird Lore 45, 1943 26 Dec 1942

Audubon
1947

Field Notes i. 22 Dec 1946

Audubon
1949

Field Notes 3, 29 Dec 1948

Audubon
1951

Field Notes 5, 27 Dec 1950

Audubon
1953

Field Notes 8, 29 Dec 1953

Audubon
1960

Field Notes 14, 29 Oct 1959

23 Dec 1959

Audubon Field Notes 19, 28 Nov 1964
1965

Imperial National Wildlife 1
Refuge
Havasu National Wildlife 7
Refuge
Havasu National Wildlife 18
Rufuge
Havasu National Wildlife 30
Refuge
Havasu National Wildlife 24
Refuge
Havasu National Wildlife 10
Refuge
Imperial National Wildlife 3
Refuge

Near Blythe 1

in
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