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PREFACE
"Research is a Gordian knot whose loose ends trail off in
so many directions that no one project can hope to untie
it"
George B. Schaller, 1973
I hope that the research presented here will help to
loosen the "Gordian knot" that comprises the complex social
organization of the Harris' Havk. Many such research
efforts vill be required before this species is fully
understood. Toward that end, I dedicate this work to past
and future students of the Harris' Hawk, who will
collectively contribute to a complete understanding of the
cooperative behavior of the species.
The information presented in the following pages has
resulted from field work that was initiated in 1983 and
continued through 1986. The study gained momentum (in
terms of funding, number of hawks color-marked, and number
of groups monitored) in 1985 and 1986 and I conducted
additional field studies in 1987 and 1988. Time and space
constraints prevent me from discussing all topics that were
addressed during the study. I elected to describe interand intragroup behaviors herein because this information is
basic to an understanding of this species and is presently
lacking or is misunderstood in the published literature.
Data concerning dispersal, intragroup losses and
replacements, changes in dominance and breeding status, and
a comparison of group and pair nest duty partitioning and
productivity will be presented at some future date. I will
also present a detailed analysis of group hunting in the
future.
The body of this thesis describes territoriality and
sociality between groups. Appendix A contains information
derived from the focus of my studies and describes the
behavior of breeding groups at the nest. The reader should
treat the body of the thesis and Appendix A as behavior
papers that complement one another. Appendix B contains an
analysis of methods used with the Harris' Hawk to obtain
estimates of group size. I divided these topics in this way
for the sole purpose of satisfying format requirements of
the thesis.
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ABSTRACT

I studied the social organization of the
Harris' Hawk (Parabuteo unicinctus) in Arizona, 1984-1986.
Breeding groups ranged in size from 2-7 and averaged 3.8
hawks. Offspring fledged during previous nesting attempts
accounted for 72% of immature helpers. Aggregations
averaged 5.9 hawks and were composed primarily of
individuals from 2 or 3 neighboring groups. I identified 2
affiliative behaviors and 5 aggressive behaviors that
Harris' Hawks used during social interactions. Behaviors
that constituted overt aggression were rare in groups, but
occurred in aggregations during interactions between hawks
from different groups. Groups defended only their nesting
areas during nonbreeding periods but defended foraging and
nesting areas during breeding. Groups formed aggregations
only during nonbreeding periods in specific areas between
territories. I observed a peak in aggregation formation
about 2.5 weeks before nesting. Open water was used
frequently by nesting Harris' Hawks for drinking and
bathing. Water sources were not defended and were shared by
>1 group.
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INTRODUCTION

The relationships between territoriality, sociality
and breeding biology have been described in detail for
several species of birds that breed cooperatively (Craig
1979/ Emlen and Verhencanp 1983, Ligon 1981, Hoolfenden and
Fitzpatrick 1984, Hunter 1987, Koenig and Mumme 1987).
These descriptions have enabled ecologists to formulate
hypotheses of the evolution of cooperative breeding.
Perhaps the most widely accepted of these hypotheses is the
"habitat saturation" model (Brown 1974, Woolfenden 1975)
which postulates that offspring are "forced" to remain as
helpers in their natal territory because all available
breeding habitat is occupied by territorial breeding
groups. Territorial behavior, therefore, plays an important
role in the evolution of social organizations and
reproductive strategies among cooperatively breeding birds.
Brown (1987) recognized a major division in avian
communal breeding systems between colonial and groupterritorial species.

Most group-territorial species are

year-round residents and defend territories that contain

10

all resources used by the group (Ligon 1970, Parry 1971).
Colonial species typically do not defend feeding areas and,
hence, do not maintain all-purpose territories (Reyer 1980,
Emlen 1981). Brovn (1987) listed 5 species that apparently
are neither group-territorial or colonial; exclusive
feeding areas are not maintained as in group-territorial
species (Dov 1980), yet nest sites are not clumped as in
colonial species.
The Harris' Hawk commonly breeds in groups of >2 in
the southwestern United States (Mader 1975a, Griffin 1976,
Whaley 1979, Brannon 1980, Bednarz 1987). Despite previous
research on the mating system of the Harris' Hawk,
territoriality and sociality are not clearly understood.
Groups at the nest have been variously described as
nonterritorial (Bednarz 1987, Bednarz and Ligon 1988), as
having overlapping territories (Whaley 1986), and as
maintaining discrete territories (Griffin 1976). However,
nests of Harris' Hawks are not clumped within preferred
habitats and are roughly similar in distribution in
different vegetation types (Bednarz et al. 1988). A
mechanism by which this pattern is maintained, if the
Harris' Hawk is not territorial, has not been proposed.
Group behavior during nonbreeding periods also is
poorly known. Harris' Hawks have been reported to remain on
their breeding ranges during the winter (Mader 1975a),
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wander widely in large groups (Chambers 1921, 1924), and
form social aggregations composed of >1 breeding group
(Mader 1975a, Bednarz et al. 1988). The composition,
behavior, movements, and social functions of aggregations
are not known.
I studied territoriality and sociality in the Harris'
Hawk during breeding and nonbreeding periods as part of a
study of the social organization of this species.

I

describe in this paper the size and composition of breeding
groups and social aggregations, and intra- and intergroup
interactions during breeding and nonbreeding periods.

I

also report herein on the spacial and temporal
relationships between defended areas and aggregation zones.
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STUDY AREA AND METHODS

I studied Harris' Hawks in a 46.5

area located

in Pinal County, Arizona about 50 km north of Tucson,
Arizona. I selected the area because Harris' Hawks were
common there, human disturbance was minimal, and a network
of access roads made it possible to trap a large number of
hawks, and locate and observe groups in their territories.
The topography of the area is characterized by
gently sloping plains with scattered low hills. Elevation
ranges from 709 to 956 m and annual precipitation averages
28 cm. Vegetation in the area is representative of the
paloverde-cacti-mixed scrub series found in the Arizona
Upland Subdivision of the Sonoran Desert (Turner and Brown
1982). Common overstory plants are saguaro cacti (Carneaia
qiqantea). palo verde trees (Cercidium microphvllum). and
mesquite trees (Prosoois juliflora). Common understory
plants include triangle leaf bursage (Ambrosia deltoidea)
and Qpuntia species of cacti. The study area contains 12
man-made water sources for cattle, 5 man-made water sources
for wildlife and 1 natural spring.
In this paper, I refer to the social unit present in
a nesting territory as a "group". I use the term
"aggregation" to describe congregations of hawks from >1
group. The term "member" refers to a hawk that has been
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observed at an active nest participating in nesting or
group behaviors (e.g., group hunting or group defense
against predators), and the term "helper" describes members
that participate in group behaviors but do not breed. A
"transient" is a hawk that was observed or trapped in the
study area but was not observed in any groups during
previous or subsequent nesting attempts.
I use the term "breeding period" to refer to the
time when a nest contained eggs or young. This definition
provides a simple operational criterion for group
reproductive status, but does not encompass some activities
that are essential to reproduction that occur year-round
(e.g., establishing dominance hiearchies). Conversely, the
"nonbreeding period" is defined by the absence of a nest
containing eggs or young.
I captured 362 Harris' Hawks with Bal-chatri traps
(Berger and Mueller 1959) and marked each hawk with 3
colored bands and a metal numbered band in a unique
combination. Nestlings were color-banded when they were
between 35 and 48 days of age.
I measured 9 morphological characteristics of hawks
to aid in identification of sex. Hamerstrom (1978) reported
that the weights of male and female Harris' Hawks in Texas
did not overlap. I also found that body weight was the most
useful measurement for determining sex in Harris' Hawks in
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Arizona (confirmed males, based on observations o£
copulations: n = 59, mean weight = 703.8 g, range = 610 803 g; confirmed females, based on observations of
copulations and egg laying: n = 64, mean weight = 1063.7 g,
range = 923 - 1633 g). I grouped banded hawks into 2 age
categories—adults and immatures—based on the differences
between adult plumage (attained at about 1 year) and
immature plumage (Brown and Amadon 1968).
I searched for nests from February through August
1984-1986, in areas frequented by groups. Areas in which
groups were not observed but were large enough to support a
group were searched at least once during the peak breeding
period. I also searched known breeding areas in October and
November 1984-1986 to locate fall nesting attempts. I
arbitrarily named each group after a distinctive
characteristic of the territory or group (e.g., Cholla
Group).
1 observed the behavior of hawks in groups and
aggregations during the nonbreeding period for 305 h and
186 hours, respectively. I was usually able to approach in
a vehicle to within 75 m of groups and aggregations and
observe behavior with spotting scopes and binoculars.
Individual hawks were relatively easy to identify by their
bands because they usually perched on the tops of saguaro
cacti.
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I estimated territory boundaries and aggregation
zones by plotting locations of color-banded hawks on
topographic maps. Although some territory boundaries may be
biased toward roads and vantage points, I believe that this
bias was reduced by the high visibility of Harris' Hawks
when they perched on saguaros. Moreover, the sample
territories and aggregation zones presented herein
represent areas that contained a thorough network of roads.
I observed the behavior of groups at active nests
for a total of 2013 hours. Behavioral observations were
conducted from elevated, fully-enclosed blinds placed
within 10 m of nests (see Appendix A). I also placed blinds
on sources of open water and monitored their use by Harris'
hawks during late spring and summer (73 h). I used alloccurrences sampling (Altmann 1974) to record affiliative
and aggressive behaviors in both groups and aggregations.
Harris' Hawks that were nonmembers rarely entered
territories during breeding periods; therefore, I simulated
trespassing by a conspecific in the nest area by releasing
a captive Harris' Hawk near the nest. I used 2 Harris'
Hawks (an immature female and an adult male) that were
trained using falconry techniques (McElroy 1977). The
trained hawks were free-flying and were not wearing legjesses, bells, or radio transmitters when they were
released in the nest area. I released 1 of the 2 hawks from
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an observation blind near an active nest after 1 to 4 h of
observation of the resident group and continued to observe
group behavior for 1 hour after the release.
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RESULTS
Size and Composition of Groups and Aggregations

The study area contained 22 to 26 groups from 1984
to 1986 and nesting density (n = 53 nests) averaged 1
nest/2.0

. Groups occupied their breeding territories

year-round but nesting was restricted to January through
August. Most nests (69.3%, n = 105; this sample includes
nests from off the primary study area) contained eggs by
April and fledged young in June. I recorded only 1 instance
of a group fledging >1 brood in the same year. I found
nests

(a

= 105) in palo verde trees (63%), mesquite trees

(8%), and saguaro cacti (29%).
The number of havks in groups ranged from 2 to 7 and
averaged 3.8 (Table 1). Groups of 3 were the most common
but groups of >3 accounted for 50.9% of our sample (Table
1). The sex ratio of males to females within groups was
1.54:1 (60.7 % males, 39.3 % females). Sex ratios within
the adult and immature age classes were 1.64:1 and 1.17:1,
respectively. Adults accounted for 81.0% of group members
(Fig. 1). A typical group of 4 included 1 adult female
breeder, 1 adult male breeder, 1 adult male helper, and 1
immature male or female helper (see Appendix A for breeding
status of members).
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Helpers represented 52.7% o£ members overall. Adult
males were most common (51.6%) as helpers. Adult female
helpers were least common and were present at only 13.2% of
nests. Offspring fledged during previous nesting attempts
accounted for 7 2% (a = 49) of immature helpers. The
remaining 28% were unhanded and originated outside of the
study area. These hawks were not helping their parental
group.
Harris' Hawks associated in aggregations only during
fall and winter when groups were not breeding. Group
participation in aggregations was relatively frequent
during January and February (32.6% of 610 group locations
in 1984). The number of aggregations observed, however,
peaked about 3 weeks prior to egg laying and then decreased
abruptly to zero shortly thereafter (Fig. 2).
Aggregations of Harris' Hawks averaged 5.9 hawks (a
= 90, range = 4 - 1 1 ) and were composed primarily of
members from 2 or 3 neighboring groups. Only 25.4% of
aggregations were composed of complete groups, but at least
1 adult breeder from each group was usually present.
Immature males participated more frequently in aggregations
than did immature females (Fig. 3).
Transient hawks were common in the study area only
during the fall and winter, and accounted for 7.1% of hawks
in aggregations. Transient hawks did not associate with
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groups outside of aggregations. Transients usually moved
through the study area alone and often associated with
several different aggregations before leaving the area.
Some hawks, however, (13 of 38) that were trapped in the
winter but had not been a member of a study group during
previous nesting attempts, remained in or near the study
area (within 23.7 km of the trap site). Hawks that remained
in the study area either established a new territory or
joined an existing group.

Social Behaviors
I identified 7 distinct behaviors commonly performed
by Harris' hawks during social interactions (Table 2). Two
of these behaviors — communal perching and backstanding —
occurred most frequently within groups (Table 3) and
probably serve an affiliative function among group members.
Communal perching was distinctive because hawks that
engaged in this behavior often perched so close together
that they touched one another. I believe that physical
contact during communal perching was deliberate because
numerous unoccupied perch sites were available on the large
saguaros used for communal perching.
Harris' Hawks engaged in backstanding also on the
tops of large saguaros. Most (91%) incidents of
backstanding (n = 78) involved 2 hawks, but some (9.0%)
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involved 3 hawks that "stacked-up" 3 birds high.

Durations

of backstanding by 2 havks ranged from .6 to 19.8 minutes
(x = 8.4) and by 3 hawks ranged from .3 to 5.2 minutes (x =
3.8).
Intraspecific aggression usually involved a series
of behaviors that occurred in a well-defined order from
least to most intense (Table 2). Aggressive interactions
generally involved only 2 hawks, although others were often
present, and ended when one combatant left the area or
perched on the ground under the other combatant. All but
one of the aggressive behaviors occurred more frequently in
aggregations than in groups (Table 3). Behaviors that
constituted overt aggression, such as attacking, chasing,
and foot grabbing, were never observed in groups (Table 3).
My observations also suggest that aggressive interactions
within aggregations occurred between hawks from different
groups. For example, I was able to identify the hawks
involved in 4 incidents of foot grabbing; 2 occurred
between female breeders from different groups, 1 occurred
between a male breeder and a male helper from different
groups, and 1 occurred between a male breeder and an adult
male transient.
Supplanting was the only aggressive behavior that
occurred more frequently in groups than in aggregations.
The higher rate of supplanting in groups is undoubtably

related to the importance o£ this relatively harmless
behavior in maintaining dominance hierarchies vithin groups
(Appendix A).

Territorial Defense
I observed members chasing a conspecific from the nest
area during a nonbreeding period on 6 occasions (in 5
different groups). The interactions began within 70 m of
the site of the previous nest and in all 5 groups members
abandoned the chase at about 500 m from the old nest. Of
the 6 hawks that were chased, 4 were members of neighboring
groups and I was not able to identify the remaining 2
hawks. During the breeding period, I observed members chase
wild conspecifics from the nest area on 2 occasions (in 2
groups). On both occasions, the trespassers were not
members of the resident group.
Groups responded similarly to trained hawks at 13 of
14 nests and aggressively expelled the trained hawk from
the nest area (Table 4). I recorded supplantations and
chases at 13 nests, direct attacks at 9 nests, and foot
grabbing contests at 4 nests. The one exception occurred at
a nest approximately 1.5 weeks prior to egg-laying that was
attended by a pair. The pair did not respond aggressively
to the trained immature female; they perched beside her and
copulated once within 1 m of her.

I released the trained

female at 2 other nests prior to egg-laying that were
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attended by >2 hawks and the resident hawks chased the
trained hawk out of the area.
Members did not always aggressively expel the
trained hawk immediately. The time between release and the
initiation of aggression ranged up to 8 minutes (Table 4).
During this time, residents closely watched the trained
hawk but did not approach. A breeder usually initiated
aggressive behavior when the trained hawk left its initial
perch. Other members joined in the chase when the
trespasser flew away. Once aggressive interactions started,
expulsion from the area sometimes took as long as 20
minutes (Table 4). Members chased the trained hawks beyond
the range of visibility from blinds (500 to 600 m from the
nest).

Territory Use
Nonbreedina period.-I observed groups hunting up to
1.5 km from their previous nest during fall and winter, but
most (82.1%, n = 21,540 locations) locations were within 600
m of the old nest. Aggregations appeared to be restricted
to specific areas or zones located between previous nest
sites (Fig. 4). Aggregations did not occur closer than 600
m of a nest area. I observed 14 attempts by aggregations to
capture prey and flushed aggregations 3 times from
jackrabbit (2 Lepus californicus. 1 Leous allfiJll) kills.
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Breeding pertods.-The spacial distribution of nests
was relatively stable from year to year. Most groups (a =
21, 86.2%) nested within 200 m of the previous nest site.
Six groups used the same nest in 2 consecutive years and 1
group used the same nest in all 3 years. Pour groups
shifted their nesting ranges from 400 to 800 m of their
previous nest site. Pour other groups abandoned their
nesting areas; members of these groups (n = 18 hawks) were
never relocated.
Members restricted their hunting activities during
the nesting period to within 0.8 km of the nest (Pig. 5). I
did not observe overlap in hunting ranges in any of the
groups studied (Pig. 5). Groups did not appear to use areas
in which aggregations had earlier been observed (Figs. 4,
5).
Water sources.-Harris' Hawks visited water sources
daily in late spring and summer when daytime temperatures
exceeded about 37 C. Hawks usually drank and bathed at
water sources, and sometimes (4 incidents) stood with water
covering their feet and tarsi from .7 to 3.4 h. A breeding
male from a nearby nest (0.7 km) visited an open water
source 3 times during 1 day and bathed on 1 visit and drank
on all 3 visits.
Sources of open water usually were shared by >1
group. Twice I observed members of different groups bathing
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and drinking at a cattle pond at the same time without
conflict; however, they did not perch or bathe together and
usually stayed on opposite sides of the water source. Also,
group members did not often perch for extended periods or
hunt near water sources, but usually flew directly to the
water source from the nest area, used water, and then
returned. I identified the group affiliations of 9 hawks
observed at water sources. For these 9 hawks, the distances
between their active nests and the water sources ranged
from .7-2.8 km.

Distances between active nests and water

ranged from .65 to 3.0 km (x = 1.2 km, a = 105 nests).
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DISCUSSION

Levels of Aggression
The social system of the Harris' Hawk is
characterized by low frequencies and low intensities of
agonistic interactions, particularly within groups. The
strict dominance hierarchies in breeding groups of Harris'
Hawks (Appendix A) apparently are maintained by a single
aggressive behavior — supplantation. Relatively low levels
of aggression within groups are typical of avian
cooperative breeding systems (Brown 1987) and have been
noted in a number of species.
Harris' Hawks also mingled in relative harmony in
aggregations. I did not observe interactions that I could
classify as obvious group displays, and, although direct
attacks, chases, and foot grabbing contests sometimes
occurred, these incidents were separated by long periods
with no aggressive behavior. The degree of harmony in
aggregations contrasts to some extent, with the vigorous
displays and sometimes aggressive interactions between
groups that occur in some other cooperatively breeding
species

(e.g.. Kookaburras [Dacelo qlqasl. Parry 1971;
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Acorn Woodpeckers [Melaneroes formicivorus1. Koenig 1981;
Florida Scrub Jays tAphelocoma coerlescens]. Woolfenden and
Fitzpatrick 1977, 1984).

Sociality between neighboring

territory holders is especially unusual in Falconiformes
where territorial disputes between neighboring breeders are
typically aggressive (Newton 1979) and sometimes violent
(e.g.. Cash 1914, Brown 1955, Gargett 1971, Hall 1955,
Willgohs 1961).
Harris' Hawks are physically capable of injuring and
probably killing one another during conflicts, and are
certainly more capable of inflicting injury than most other
social avian species. It is not surprising then that
conflicts are settled by relatively harmless, ritualized
behaviors such as supplantation and foot grabbing contests
(Tinbergen 1951). The suppression of aggression is most
complete within groups where frequent conflicts could
disrupt breeding activities.

However, it is perhaps more

unusual that sociality in the Harris' Hawk enables
neighboring groups that are not actively breeding to
aggregate, hunt, and feed together on the fringes of
defended territories with relatively little conflict.

Aggregations

Winter aggregations or flocks have been reported for
a number of avian cooperative breeders (see Skutch 1987 for
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reviev), but the majority of these species do not reside
year round on their breeding territories as do Harris'
Hawks (Mader 1977, Whaley 1986). A peak in the frequency of
aggregations of Harris' Hawks about 3 weeks before nesting
suggests that aggregations serve a function associated with
breeding.

Similar temporal peaks in intergroup

interactions prior to breeding have been reported for for
Grey-backed Fiscal Shrikes and Florida Scrub Jays (Zack
1985, Woolfenden and Fitzpatrick 1984).
Zack (1986) suggested that group displays or
"rallies" served, in part, to advertise the presence of
individuals in a flock to deter potential immigrants.
Harris' Hawk aggregations may also serve as a means by
which a group advertises its composition, hierarchy, and
status (e.g. open or closed to new members) to nonmembers.
In addition, groups are able to assess potential new
members.

The spatial arrangement of aggregations and core

nesting areas allows potential immigrants to assess, and be
assessed by, resident groups without being subject to
territorial aggression. Observations of 7 instances of
recruitment of new members into groups support this; new
members initially associated with groups only in
aggregations.
A final potential advantage of aggregations is
suggested by my observations of prey capture attempts and

shared

kills.

Mader (1975a) first

reported

that

hunt together and cooperate in catching prey. 1

Harris'

found that

prey capture rates are higher for 2 or more hawks hunting
together than for a single hawk hunting alone (Appendix A).
Individuals
capture

may

success

profit
is

by

higher

hunting
for

with

aggregations

aggregations

than

if

groups.

This could be of greater importance in the winter when prey
populations are lowest.

Territoriality
Several

characteristics

of

territoriality

in

the

Harris' Hawk in Arizona are similar to those reported for
other

cooperatively

Fitzpatrick

breeding

species

1984, Skutch 1987,

Brown

(Woolfenden

1987). For

and

example,

groups reside on nesting territories all year, continuously
defend
group

at

least a

members

defense. These

portion

participate

of their
to

some

territories, and
degree

in

all

territorial

behaviors suggest that the Harris' Hawk

in

Arizona is a group-territorial species (Brown 1987).
In

a

study

of

the

Bednarz (1986, 1987) saw

Harris'

in

New

Mexico,

intraspecific aggression near

active nest on 5 occasions.
of aggression was

Hawk

identified

an

The hawk that was the subject
only once; a transient

hawk

was chased from the vicinity of an active nest by a female
group

member.

Despite

this

observation,

Bednarz (1987)

concluded that "Harris' Hawks make little or no effort to
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defend the area around
suggested
nest

that

some

represent

their

nest

from

observations

interactions

of

conspecifics**. He

aggression

between

members

near

of

the

the
same

group, possibly one hawk asserting dominance over another.
He

also

implied

interactions

that

were

other

simply

aggressive,

the

actions

of

intraspecific
group

members

defending nestlings from predation by nonmembers.
My

results

explanation.
a

breeding

dominance

cycle

Dominance
at

not

support

either

alternative

First, dominance hierarchies are fixed during
(Appendix

contests

periods.
members

do

the

A)

probably

occur

interactions
nest

and

intense
during

between

consisted

intragroup
nonbreeding

breeding

almost

group

entirely

of

supplantations and did not escalate into direct attacks or
chases. Second, Harris' Hawks continued to defend the nest
area during nonbreeding

periods when the

nest

was

empty.

These lines of evidence strongly suggest that groups defend
their nest areas and/or territories against conspecifics.
The
reported

lack

for

of

observations

Harris'

Hawks

at

of
the

territorial
nest

behavior

(Mader

1975a,

Griffin 1976, Whaley 1979, Bednarz 1987) is probably due to
the relative infrequency of trespassers in the nest
In addition, some aspects of territorial behavior
species are subtle and

can

be

misleading.

For

area.

in this

instance,

the time interval between the arrival of a trespasser and
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the

initiation

of

aggression

(up

to

8

minutes)

can

be

misinterpreted as a harmonious interaction between members
of different

groups.

Unless the

size

of

groups and

the

identities of group members are accurately determined (see
Appendix

B),

trespassers.

some
This

observations of

group

members

may account

nonmembers that

may
for

be

some

perched

misidentified
of

the

in the

as

reported
nest

area

without being challenged by residents (Mader 1975a, Bednarz
1987).
The patterns of territory use observed in this study
suggest that groups used and defended exclusive nesting and
feeding areas during breeding.

Whaley (1979) felt that

because nesting patterns were close (1 nest/2.5 km^),
territories must overlap.

We found an average nesting

density of 1 nest/2.0 km^ during the 3 years of this study
but did not observe different groups using the same areas
when nesting was in progress.

It is possible that overlap

in foraging area may occur in places that we were not able
to cover systematically.

If this is so, we believe that

the overlap is small.
Sources of open water were not defended by breeding
groups, but daily use of water during nesting indicates
that open water may be an important habitat component for
Harris' Hawks (Milsap 1981). Two factors suggest that
groups may not be able to economically defend water
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sources: (1) water sources are limited and widely
distributed in the study area, hence, they are used by
members o£ several different groups; and {2), use of water
by members peaked in early summer at a time when most
groups had large nestlings. To defend water sources, a
group would have to confront numerous trespassers at a time
when the food demands of the brood were high. Disruption of
breeding activities by trespassers may explain why groups
did not nest ± 600 m of a water source.
The "habitat saturation" and the closely related
"ecological constraints" models for the evolution of
cooperative breeding postulate that nonbreeders are forced
to remain in groups by a constraint — perhaps a limited
feature of the habitat (Brown 1974, Stacey 1979, Emlen
1982, Koenig and Mumme 1987). I suggest that water may
represent a habitat component for Harris' Hawks that is
necessary for breeding, but is limited. If so, the high
costs of defending water sources may have forced groups to
establish territories that provide access to water rather
than try to defend the water source itself.

This aspect of

the ecology of the Harris' Hawk in the Sonoran Desert has
potential management and ecological implications and should
be the subject of further study.

Table 1. Sizes of breeding groups of Harris' Hawks in
Arizona, 1984-1986 (n = 53 nests).

Number
in
group

Number
of
groups

Percent
of
total groups

2

9

17.0

3

17

32.1

4

12

22.6

5

8

15.1

6

5

9.4

7

2

3.8
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Table 2. Affiliative and aggressive behaviors observed in
breeding groups and social aggregations of Harris' Hawks
in Arizona, 1984-1986.

Behavior

Description

Affiliative behaviors
Communal perching

Two to 7 hawks crowd together
on the same perch site (e.g.,
the horizontal arm of a saguaro
cactus).

Backstanding

A hawk stands upon the back of
another hawk and neither hawk
engages in copulatory behavior
(see Mader 1975a).

Aggressive behaviors^
Threat posturing

A hawk holds its body in a
near-horizontal position with
neck arched, head facing down,
wings drooping slightly, and
feathers raised on neck and
back. A threat posturing hawk
often positions itself sideways
to a second hawk and walks slowly
and stiffly.

Supplanting

A hawk flies toward a second
hawk and the second hawk
leaves its perch site as the
first hawk approaches to ^ 2 m.
The first hawk then perches on
the site vacated by the second
hawk.

Direct attacking

A hawk flies directly toward
and strikes a second hawk.
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Table 2. continued.

Behavior

Description

Chasing

A hawk closely pursues (^2 m) a
second hawk in flight for
^ 3 0 m.

Foot grabbing

Two hawks stand side by side on
the ground (<1 n apart) and adopt
threat postures. The hawks
maintain these positions until
one move toward the other, as
they contact each other, each
hawk turns onto its side and
grabs the feet of the other.
The hawks stay locked together on
the ground until one leaves the
area (up to 6.5 minutes). Foot
grabbing is interspersed with
brief bouts of fighting in which
hawks strike one another with
their wings and feet.

® Aggressive behaviors are listed in order of occurrence
during interactions that escalated into intense conflicts.
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Table 3. A comparison of rates of social behaviors in
breeding groups and social aggregations of Harris' Hawks
in Arizona, 1984-1986.

Groups
Acts per
10 h

No. acts
observed

Acts per
10 h

593

2.94

31

1.60

Hackstanding

78

0.38

0

Threat posturing

72

0.32

231

12.40

1152

5.72

65

3.50

Behavior

Communal
perching

Supplanting

No. acts
observed

Aggregations

-

-

Direct attacking

0

—

18

.97

Chasing

0

—

24

1.30

Foot grabbing

0

—

13

.70

Table 4. Responses of breeding Harris' Hawks to a trained
Harris' Hawk at 14 active nests in Arizona, 1986.

T1
Response

Aggressive
Nonaggressive

a

13

Mean

4.4

T2
Range

0.3 - 8.0

Mean

5.7

Range

1.1 - 20.3

1

T1 = interval between release and the initiation of
aggression by residents.
T2 = interval between release and expulsion of the trained
hawk from the nest area.
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APPENDIX A

Dominance hierarchies, helper contributions, and pair bonds
in breeding groups of Harris' Hawks in Arizona
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INTRODUCTION

The presence of more than two birds at the nest has
been reported in many species in diverse avian taxa (Skutch
1961, 1987, Brown 1978, 1987, Emlen 1984).

The dichotomy

of breeding and nonbreeding by extra birds at the nest is
essential to the theoretical issues raised by cooperative
breeding systems (e.g., direct and indirect fitness
benefits to members breeding in a group).

In some

cooperative breeding systems, extra birds contribute to the
care of young but do not breed.

In other systems, >2 birds

share both parentage and care of the offspring (Ridpath
1972, Dow 1977, Rowley 1978, Vehrencamp 1978, Craig 1979,
Koenig and Pitelka 1979, Faaborg and Patterson 1981).
Nonbreeding helpers and polygamous breeders may be present
at the same nest (Vehrencamp 1980, Koenig and Mumme 1987).
Therefore, behavioral information about the roles of extra
birds in producing offspring is required in order to
evaluate the mating system of a cooperatively breeding
species and is of particular importance in assessing the
pair-bonds present within breeding groups (Woolfenden and
Fitzpatrick 1984).
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This kind of information has been collected for some
species that breed in groups (reviewed in Brown 1987) but
is lacking for many others.

The Harris' Hawk (Parabuteo

unicinctus) is among those species in which the breeding
behavior of helpers is poorly understood.

This species has

been reported to breed in groups of >2 hawks in New Mexico,
Texas, and Arizona (Mader 1975a, Griffin 1976, Bednarz
1987).

Group living in Harris' Hawks is most developed in

Arizona; mean group size is higher and groups of >4 are
more common in Arizona (page 17) than in New Mexico
(Bednarz 1987) or Texas (Griffin 1976, Bcannon 1980).
Polyandry, the mating of >1 male with the same
female, has been reported in Harris' Hawk groups only in
the Arizona population (Mader 1975a, 1979, Whaley 1985).
Mader (1979) studied the behavior of 1 polyandrous trio at
the nest; however, evidence of polyandry in other groups
consists entirely of opportunistic observations of
polyandrous copulations.

These observations were not

supported by information about the nesting stage, group
affiliations, and nesting behavior of the hawks involved.
The lack of evidence supporting polyandry in the Harris'
Hawk encourages skepticism (Woolfenden and Fitzpatrick
1984, Bednarz 1987) about assumed polyandry in this
species.
Mader (1979) reported that extra adult males
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incubated eggs and brought food to the nest.

Bednarz

(1987) suggested that extra adult males "actively assist"
the breeders at nests in New Mexico.

While previous

field studies have provided some elementary information
about Harris' Hawk helpers, these studies were beset by 2
common shortcomings.

First, at least 50% of the adults

studied were not individually color-marked and could not be
identified during behavioral observations.

Second,

behavioral studies were done on only a few groups (Mader
1979) or relied on methods such as time-lapse photography
of the nest that provided minimal information about the
behavior of extra hawks (Bednarz 1987).
My objectives were to describe the behavior of
groups of Harris' Hawks at the nest in Arizona and, in
particular, to describe the contributions of helpers to
breeding.

I report herein on dominance hierarchies,

partitioning of nesting duties among group members, group
hunting, and mating relationships.
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STUDY AREA AND METHODS
I described the study area and methods used to trap
and color-mark hawks, ascertain the sex and age o£ hawks,
locate nests, estimate group sizes, and construct
observation blinds on pages 12-16.
In addition to the terms described on pages 12-13, I
use the term "group hunting" to refer to a prey capture
attempt by >1 hawk.

I use this term regardless of the

breeding group affiliations of the hawks involved (e.g.,
group hunting by hawks in an aggregation may involve
members of several different breeding groups).
I observed and recorded nesting behavior using a 30X
spotting scope, binoculars, watch and a tape recorder.

I

used an ethogram code that consisted of 48 alphanumeric
elements to simplify the recording of behavior of several
hawks at once and to obtain consistent data from different
observers.

Most elements in the code represented common

nesting behaviors (e.g., brooding, shading, and feeding
young) and social behaviors of this species (e.g., group
hunting, communal perching, and backstanding).

I used all-

occurrences sampling (Altmann 1974) to record behaviors
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associated with the production o£ offspring and dominance
interactions.

1 also recorded the duration of some

prolonged behavioral events such as incubating eggs and
feeding young.
I scanned the area around the nest every 5 minutes
and recorded the positions of group members relative to the
nest.

I also used all-occurrences sampling in recording

events of group hunting and predator harassment.
I described dominance hierarchies for groups by
recording supplanting interactions (see page 20 for
description) between group members.

I was able to assess

the dominance relationships in a group quickly because
supplanting was frequent, usually occurred <. 80 m of the
blind/ and occurred on the tops of saguaros where the
participants could be easily identified.
I often observed attempts by Harris' Hawks to
capture prey, but, in most observations, kill sites were on
the ground and were hidden from view by vegetation.

I

considered a prey capture attempt as successful if 1
observed one or more of the following behaviors near a
suspected kill site: 1) hawks eating or carrying prey; 2)
hawks with engorged crops; and, 3) hawks participating in
"bill-wipe" behavior (Ellis 1979) — rubbing fur, feathers,
or blood from the beak — following their presence at a
suspected kill site.

When I did not observe any of the
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above behaviors, 1 recorded the outcome of an attempt as
unsuccessful only if 1 observed all members following the
attempt.

I recorded the outcome of an attempt as unknown

if I did not observe all members after a prey capture
attempt.
Harris' Kawks usually copulated on saguaros at a
distance of from 10 to 100 m of the blind.

I observed 2

outcomes of the initiation of sexual behavior by males;
copulations and attempted copulations.

Copulation in the

Harris' Hawk is typical of copulatory behavior reported for
other Falconiformes and is consummated when the male leans
back and positions his tail to one side and under the tail
of the female.

This event is accompanied by increased wing

flapping by the male and is obvious to an observer.

I

recorded a copulation when the male positioned his tail
under the tail of the female.

I recorded an attempted

copulation when a male perched upon the back of a female,
engaged in typical copulatory behavior, but did not
position his tail under the tail of the female.
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RESULTS
Dominance at the Nest
Interactions within groups were, for the most part,
harmonious and the only dominance related behavior that I
observed at the nest was supplanting.

Dominant hawks often

supplanted subordinates from several perches near the nest
in rapid succession until the subordinate left the area.
recorded a maximum rate of 21 supplantations within 1
minute involving the same 2 hawks.
In repeated observations of supplanting between the
same 2 hawks during a single breeding cycle, a hawk was
observed to show either dominance or submissive behaviors
but never both. Therefore, dominance relationships at the
nest between any 2 given group members were fixed during a
single breeding cycle.
Dominance hierarchies were linear, "peck-right"
(Schjelderup-Ebbe 1935) systems (Pig. la) in which the top
hawk was dominant over the other group members, the second
from the top was submissive only to the top hawk and was
dominant over the other group members and so on.
Supplantations in the Gato 4 breeding group in 1986 (Table

I
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1) were typical o£ most groups.

An adult female, XWGR, was

the dominant havk in the group and supplanted all other
members.

An adult male, WRXW, was subordinate only by XWGR

and was dominant over the other members.

A second adult

male, GKXK, was subordinate to XWGR and WRXW but was
dominant over the other members.

The remaining 2 hawks

were subordinate to the above members and are listed in
order of dominance: an adult male, WXRR, and an immature
female, BXWK (fledged from the 1984 nest).
I identified 3 major status levels that could occur
within a group based on the frequency of supplanting within
100 m of the nest.

These levels were associated with rank

in the hierarchy from dominant to subordinate.
these levels alpha, beta, and gamma (Pig 1).

1 termed
Alpha and

beta members were usually adults but gamma members were
either adults or immatures.

In terms of status levels, a

typical group of 4 included an alpha adult female, an alpha
adult male, a beta adult male, and a gamma immature male.
Supplanting between members within a status level
(e.g., alpha females and alpha males) was infrequent
(7.9%, a = 1152 supplanting events) but supplanting between
members of different levels was common (92.1%, n = 1152
supplanting events).

The highest percentages of

supplantations between members of different status levels
(a = 1061 supplanting events) occurred between alpha males
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and beta males (63.3%) and between alpha males and gamma
members (36.8%).
I obtained additional evidence supporting a linear
hierarchy within the alpha level and within the gamma level
from my observations of prey transfers.

Alpha females

sometimes bullied prey away from alpha males.

Similarly,

gamma females sometimes chased and took prey away from
gamma males.

I did not observe the reverse of the

transfers described above.
The core of breeding groups of >2 consisted of an
alpha female, an alpha male and a beta male.

An alpha male

and alpha female were present in all groups (Fig. 2).

A

beta male was present in 84.1% of groups of >2 and, with
one exception, in all groups of 4 to 7 hawks.
Within groups of 3, helpers were usually beta adult
males, however, 6 groups contained male helpers (2 adults,
4 immatures) that I classified as gamma based on frequency
of supplantations and access to the nest (see below).

The

4 groups that contained immature gamma males had occupied
their territories for 1 year and had produced offspring
there once.
Adult beta females occurred in 6 of 53 groups.

In

these groups, beta females were subordinate to the alpha
female and dominant over the alpha male and other members
(Fig. lb).

Unlike most alpha females, alpha males, and
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beta males; beta females did not remain in breeding groups
for more than 1 breeding cycle.
Access to the Nest
Dominance hierarchies directly affected access to
the nest by helpers.

Alpha males limited access by lover

ranking hawks to the nest and nest area by supplanting the
lover ranking hawk repeatedly until it left the area.
Alpha males showed a differential tolerance of beta
and gamma hawks near the nest in 3 ways.

First, beta males

were supplanted when they perched within 50 m of the nest
and gamma members were supplanted when they perched within
150 m of the nest (Fig. 3).

The frequency of supplanting

interactions by the alpha male declined when beta and gamma
members were perched beyond the respective 50 m and 150 m
zones.

Second, the interval between the arrival of a

helper within 50 m of the nest and the initiation of
supplanting by the alpha male differed for beta and gamma
hawks.

Alpha males allowed beta males to perch near the

nest about twice as long as gamma members before
supplanting them (Table 2).

Finally, alpha males and

females occasionally tolerated beta males in the nest (9.2%
of 710 observations) but rarely tolerated gamma hawks in
the nest (2.7% of 351 observations).
Alpha females rarely supplanted hawks from perches
in the nest area; however, alpha females followed beta and
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gamma members into the nest and sometimes supplanted them
from the nest.
Nest attendance (Table 3} similarly reflected the
dominance hierarchy within each group.

Alpha females and

beta females stayed on the nest or within 50 m of the nest
for the majority of observation periods and left only for
brief periods usually to receive food from group members or
to visit open water sources.

Alpha males also spent a

considerable portion of time perched near the nest,
however, they left often to hunt, soar, or chase predators
from the nest area.

Beta males and gamma members were

absent from the nest area much of the time, however, they
flew into the nest area several times per day, usually when
they had prey.
The longest perching interval in the nest by a beta
male while the alpha male was present was 23 minutes.

Beta

and gamma hawks were able to perch in the nest for longer
periods when the alpha male was absent.

The longest

perching interval in the nest when the alpha male was
absent was 33 min. for a beta male and 26 min. for a gamma
member.

These intervals usually ended when the alpha male

returned and supplanted the beta or gamma hawk.

Direct Care of Eggs and Young
Alpha females and males participated in behaviors
that were associated with direct care of the eggs or
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nestlings such as incubating, brooding, shading, and
feeding nestlings (Table 4).

Beta males participated in

these behaviors in 54.1% of the groups that contained a
beta male, however, levels of participation by beta males
were low relative to levels provided by alpha females and
males (Table 4).

1 observed the highest involvement by a

beta male in the direct care of eggs or young in 1984 at
the Ocotillo Nest.

The beta male incubated the eggs 3

times and accounted for 11.3 percent of total incubation
time (n = 18 hours of observation during the incubation
period) compared with 28.1 percent for the alpha male and
60.6 for the alpha female.

The beta male fed the young on

1 of 7 feeding events observed (n = 10 hours of observation
during the nestling period).
Events of incubation and feeding nestlings by gamma
members occurred when the alpha male was absent.

I

observed incubation by a gamma immature female on only 1
occasion for 7 minutes.

The alpha female twice flew into

the nest and unsuccessfully attempted to relieve the
immature female from incubation.

The alpha male

supplanted the gamma female from the nest when he returned.
Gamma males attempted to feed young on 7 occasions at 4
nests but, in each of the observations, the alpha female
immediately flew to the nest and took the prey from the
gamma male. 1 observed immature gamma females feed
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nestlings on 4 occasions without intervention from the
alpha female.
The roles of beta females at the nest were similar
to those of alpha females and included incubation,
brooding, shading, and feeding nestlings.

For example, the

Gato Group in 1984 contained a beta female that shared the
direct care of the eggs and young with the alpha female
(Table 5).

At this nest, I observed egg-laying; the alpha

female laid both eggs in the 2 egg clutch.

Group Hunting
Harris' Hawks hunted alone or in groups of 2 to 6
hawks. Alpha males, beta males, and gamma males and females
often participated in prey capture attempts in which 2 to 6
hawks chased the same prey animal.

Alpha females and beta

females rarely attempted to capture prey unless they
sighted prey near the nest. In groups of 2, the alpha male
usually hunted alone while the alpha female remained near
the nest.

Therefore, group hunting was common only in

breeding groups with helpers.
I observed 259 prey capture attempts by hawks in
breeding groups: 212 were observed from blinds and occurred
within 400 m of an active nest.

The remaining 47 were

observed from vehicles and occurred at least 500 m from the
nest. In order to assess the frequency of group versus solo
hunting within groups during the breeding cycle, I examined
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capture attempts in groups of a size in which group hunting
was possible ( 3 - 7 members).

I excluded observations of

capture attempts by alpha females while they were alone at
the nest.

In this way, I examined the frequency of group

hunting by the members — alpha males and helpers — that
had the options of hunting alone or in groups.

Of 204

remaining observations, 36 (17.7%) were attempts by a
single hawk and 168 (82.3%) were attempts by >1 hawk.
Hunting groups generally assembled in a zone from
150 to 300 m around the nest and usually began moving
together in a direction away from the nest.

Helpers often

initiated these "staging" events by congregating on a large
saguaro within sight of the nest.

The alpha male usually

then left the immediate vicinity of the nest and joined the
other members in the communal perching (see page 19).
After assembling, hunting groups perched together for
several minutes, then usually moved away from the nest.
Soatial organization of hunting arouos.-I observed 2
types of spatial organization of hunting groups while they
were searching for prey.

First, hunting hawks communally

perched (see page 19) on a large saguaro and initiated
capture attempts from the saguaro.

Second, hawks scattered

through an area and took positions on different saguaros
that were from 20 to 100 m apart.

Hawks in deployed groups

used the tallest saguaros in an area.

Hence, the distance
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covered by a deployed group is probably related to the
distance between the tallest saguaros in an area. I
estimated that the area between perched members in deployed
groups ranged £rom about 4225 m^ to 10,000
Hunting methods and capture tactics.-Harris' Hawks
used 2 general hunting methods to locate prey.

First, a

hawk or a group of hawks still-hunted from a high perch —
usually a tall saguaro cacti — which afforded a clear view
of the surrounding area.

Hawks that were still-hunting

stayed in the same area from 10 minutes to 1.2 hours (x =
16.2 minutes, n = 40 observations) and closely watched the
surrounding area for prey.

Second, groups often

participated in move-search hunting.

A group using this

hunting method made a series of short flights (60 to 150 m)
between perches, stopped at a perch for

<5 minutes, then

moved to a new location. Move-search hunting was usually
directional and groups appeared to move in a straight line
through an area until they detected prey. Groups that were
move-search hunting appeared to be highly cohesive in their
movements; they perched communally

and flew together

between perches.
I identified 3 capture tactics used when hunting
groups were in flight pursuing prey:
1. Dual attack (a = 78 observations; 31 groups).
tactic was the most often observed cooperative

This
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tactic and was the only tactic in which >1 hawk
simultaneously attempted to close (rapidly reduce
the distance between hawk and prey) with and
contact prey.

In this tactic, 2 hawks flew within

1 m o£ each other in pursuit of prey.

Both hawks

descended together and the lead hawk attempted to
contact the prey (Fig. 4a).

If the lead hawk

missed the prey, the second hawk continued over the
lead hawk and attempted to contact the prey.

On 28

occasions, I observed a variation of this tactic
(Fig. 4b) when the prey avoided the lead hawk by
running through cover as the hawk was about to make
contact.

The second hawk continued over the cover

and plunged steeply downward on the opposite side
as the prey was exiting.

2. Ascend attack (a = 53 observations; 26 groups).
Group used this method when the hawks and prey were
moving in parallel paths (Fig. 5).

When the lead

hawk began to descend sharply and accelerate its
wing-beats, the second hawk
accelerate.

began to ascend and

If the first hawk failed to capture

the prey, the second hawk was well above the area
and descended toward the prey.

On 1 occasion, I

observed a group of 3 hawks that used this method
in series while pursuing a cottontail rabbit
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(Svlvilaqus auduboni).

The first hawk failed to

capture the rabbit and the second and third havks
in turn ascended and attempted to close with the
cottontail.
3. Intercept-attack (a = 20 observations; 9 groups).
Groups used this tactic when they were in flight
pursuing prey and the paths of havks and prey vere
not parallel (Fig. 6).

The lead havk flev directly

toward the prey and attempted to close vith and
contact the prey.

The second or third hawks

initially followed the first hawk toward the prey
but then veered away and flew in an intercepting
path toward an area ahead of the prey.

If the

first hawk failed to capture the prey, the other
hawks met the prey beyond the point of the first
attempt. Changes in flight direction by the second
and third hawks usually began before the first hawk
had initiated a direct attempt to contact the prey.
I observed an unusual variation of this method when
a third hawk arrived ahead of the prey, turned
around in the air, descended at a sharp angle, and
captured the prey head-on.
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I identified an additional tactic that was used by
groups to encourage prey to leave dense cover — flushing
behavior (Dawson 1986).

Prey animals often hid in

vegetation or in voodrat (Neotoma albiqula) nest mounds
when chased by Harris' Hawks.

I observed a group of

Harris' Hawks flush prey from cover on 48 occasions.

Two

variations of flushing behavior were used by groups and
were related to the physical characteristics of the cover
used by prey.
First, hawks followed the prey and perched on
saguaros above the cover.

One of the hawks — usually a

gamma male — then flew down to the ground and crawled into
the cover.

The prey animal flushed from cover as the hawk

entered. The remaining group members attacked the prey as
it flushed and often captured the prey within 4 m of the
cover.

I observed groups using this variation of flushing

(a = 39 observations; 24 groups) after they had chased prey
into dense vegetative cover — usually staghorn cholla
(Qpuntia versicolor) or prickly pear (Oountia ohaeacantha)
cacti (Fig. 7). I observed a group of 5 hawks use this
method 4 times in succession as the prey animal moved from
cover patch to cover patch.
Second, groups used a variation of flushing behavior
when prey had taken cover in a woodrat mound (d. = 16
observations; 11 groups).

Small animals often refused to

61

leave voodrat mounds when a single havk vas on the mound.
Prey animals often flushed from one opening and immediately
re-entered the same mound through a different opening.
When this happened, the other hawks flev down to the mound
and positioned themselves at openings in the mound.

One or

more of the hawks then reached into the mound with both
legs and appeared to grab the interior of the nest.

Hawks

made a kill by grabbing the animal as it ran around inside
of the mound or as it exited the mound.
Group behavior at the kill site.-l observed 9
captures of cottontail rabbits by hunting groups in which I
was able to clearly view the hawks feeding together.
During these observations, the other hawks in the group
immediately assisted the hawk that made the capture in
holding the struggling cottontail.

During 6 captures, a

dominant hawk immediately took the carcass from the hawk
which captured it.

Hawks usually took turns feeding and

feeding orders reflected dominance hierarchies at nests.
observed 2 hawks feeding together (6 captures) and 3 lower
ranking members feeding together on 1 occasion.

Of 31

hawks observed at 9 kill sites, 14 were not allowed by
other hawks to approach the carcass and apparently did not
eat.

Hawks that did not eat

saguaros over the kill site.

often perched on trees or

I
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Hunting success.-The success rate of capture
attempts by lone havks was about 20 percent (Table 6}.
Success rates increased as the group size increased and
groups of 2 to 4 were about twice as successful as lone
hawks.

1 observed the highest success rate in groups of 5

which captured half of prey animals that were chased.

Transporting Prey to the Nest
Harris' Hawks generally fed together on large prey
animals and delivered prey to the nest only after feeding
at the kill site.

If the prey species was small^ the head

and upper body was often eaten before it was delivered to
the nest. In a sample of 23 cottontail kills, 14 resulted
in deliveries to the nest.

In the remaining 9, hawks

consumed the animal at the kill site.

Mean delivery rates

at Harris' Hawk nest ranged from 2 to 18 in a day (mean =
4.9 per day,

q, = 14

days).

Often an entire brood was

satiated with the food contained in a single prey delivery.
The provision of prey to the nestlings by helpers
often took a circuitous route of exchanges between group
members before prey was delivered into the nest.

Beta and

gamma members rarely delivered prey directly into the nest;
a dominant member usually took the prey and carried it into
the nest.

I observed a complex of prey exchanges that

reflected the group dominance hierarchies (gamma to beta to
alpha) on 8 occasions.
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A sample o£ prey deliveries to the nest area (within
50 m) was taken from 4 breeding groups of identical sizes
and sex, age, and hierarchy compositions (Fig 8).
Deliveries of prey by beta males accounted for the highest
percentage of total deliveries, followed by alpha males,
and then by gamma males.

Gamma females did not often

deliver prey to the nest area.

Harassing Potential Predators
Harris' Hawks became excited and used the alarm-call
(Mader 1975a) repeatedly when a potential predator came
within 150 m of the nest.

Alarm-calling drew other members

into the area and they usually perched on saguaros near the
predator and continued to vocalize until the predator left.
I observed 197 instances of repeated alarm-calling and
group congregating that were probably associated with a
predator in the nest area.

I was able to identify the

predator on 102 of those occasions.

Of these predators, 63

were Great Horned Owls (Bubo viroinianus). 17 were Common
Ravens (Corvis corax). 12 were Coyotes (Canis latrans). 8
were Red-Tailed Hawks (Buteo iamiacensis) and 2 were
Collared Peccaries (Tavassu taiacu)•

Group members usually

perched on saguaros directly above coyotes and peccaries
and followed them until the predator left the area.
Harris' Hawks responded aggressively only to avian
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predators and often attacked Great Horned Owls and RedTailed Hawks that wandered within 150 to 250 m of the nest.
Great Horned Owls commonly nested within 500 m of
active Harris' Hawk nests (in 37 of 53 nesting territories)
and nested as close as 12 m to an active Harris' Hawk nest.
Harris' Hawks often attacked Great Horned Owls near the
nest.

I observed Harris' Hawks strike Great Horned Owls on

23 occasions and groups force an owl into vegetative cover
on 61 occasions.
The roles of group members in harassing Great Horned
Owls followed patterns observed for other nesting
behaviors.

For example, I observed 34 occasions in the

Cholla Grove group in 1986 (group size =5) in which Great
Horned Owls were harassed by group members (Table 7).

In

this group, the number of hawks that harassed an owl ranged
from 2 to 5 and averaged 2.9 hawks. The alpha male was the
most aggressive member toward owls followed by the beta
male, the gamma male, and the gamma female.

The alpha

female left the nest and actively harassed owls only when
she was alone at the nest or when the owl was within 100 m
of the nest.

Both the alpha and beta males were initially

aggressive toward owls but actual strikes on the owl were
done primarily by the alpha male.

All members participated

to some degree in chases but only the alpha and beta males
always chased owls.
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Copulatory Behavior
Harris' Hawks engaged in copulatory behavior
throughout the nesting cycle, however, I observed peaks in
copulations and attempted copulations before and after egg
laying (Fig. 9).

1 observed sexual behavior by males

towards alpha females on 67 occasions.

Of these, 44

resulted in copulations and 23 resulted in attempted
copulations (Table 7).

Only alpha males participated in

copulations and both alpha and beta males participated in
attempted copulations.

However, most attempted copulations

involved beta males.
Alpha females performed copulatory behavior only
during copulations.

During attempted copulations, a female

did not assume the copulatory body posture and often
continued to stand in a near vertical position while the
male stood upon her back.

Males participating in attempted

copulations usually continued to engage in copulatory
behavior until forced from the back of the female.

During

8 of 23 attempted copulations, the beta male appeared to
lose his footing and slide from the back of the female when
the female adopted a more vertical posture.

Of the 15

attempts, 13 ended when the female flew out from under the
male and 2 ended when the male flew from the female.
During copulations, I observed apparent cloacal contact
between the male and female within 0.25 to 5.00 minutes
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after the male alighted on the female and the male usually
left the female within 1 minute later.

It is not

surprising, therefore, that the mean duration of attempted
copulations was roughly twice of that observed for
attempted copulations (Table 7).
Sexual behavior by males was directed only toward
alpha females despite the presence of >1 adult female in
some groups. However, I observed an exception to this on 1
occasion when an alpha male copulated with a beta female at
a nest which contained nestlings of about 2 weeks of age.
I observed copulation 3 times between the alpha male and
alpha female at this nest and did not find evidence (e.g.,
alternate nests, second broods, or large clutches) that
beta females were producing offspring.

67

DISCUSSION

The Mating System
My results suggest that the social system of the
Harris' Hawk in Arizona fits the most common category of
cooperative breeding in which extra individuals contribute
to the production of young only in terms of parental care
(Koenig and Pitelka 1981, Emlen 1984, Brown 1987).

This

contradicts Mader's (1979) widely cited suggestion that
polyandry is common in the Arizona population (Newton 1979,
Faaborg and Patterson 1981, Skutch 1987).

Paaborg and

Patterson (1981) used the term "cooperative polyandry" to
describe this form of polyandry.

Briefly, cooperative

polyandry differs from other forms of polyandry in that the
female lays a single clutch of eggs and all breeders
participate in parental care at that nest.

Most groups

that I studied contained >1 adult male and were potentially
polyandrous.

Three lines of behavioral evidence suggest,

however, that these groups were monogamous rather than
polyandrous.
First, I observed only alpha males copulating with
alpha females.

Beta males attempted to copulate with alpha
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females but were unsuccessful.

In a study of a polyandrous

trio of Harris' Hawks in Arizona, Mader (1979) reported
that 2 adult males obtained similar numbers of copulations
with the alpha female and suggested that the probability of
a given male fertilizing a given egg was about 50%.

In 2

other species that are reported to be cooperatively
polyandrous — the Tasmanian Native Hen (Tribonvx
mortierii) and the Galapagos Hawk (Buteo aalapaqoensis) —
copulations by >1 male with a female were commonly observed
(Ridpath 1972, de Vries 1973).

It is possible that Harris*

Hawk beta males copulated with alpha females away from the
nest and were not seen during observations at the nest.
This possibility, however, is not likely to account for a
significant proportion of copulations because alpha females
stayed near the nest most of the time beginning about 1
week before egg-laying.

Moreover, copulation attempts by

beta males failed because alpha females did not
participate.
Second, the partitioning of nest duties in groups
suggests that genetic investment in offspring by beta males
was either low or nonexistent.

In several cooperative

breeders, parental investment appears to be related to
genetic investment in the offspring (Dow 1978, Vehrencamp
1977, Joste et al. 1982).

In the Galapagos Hawk and the

Tasmanian Native Hen, extra males appear to provide both

69

genetic and parental investments in the offspring (Paaborg
and Patterson 1981, Ridpath 1972).

Mader (1979) reported

that the participation in parental duties by polyandrous
Harris' Hawk males vas nearly equal.

1 found that

participation in parental duties by alpha and beta males
vas not equal; alpha males provided the majority of male
parental care.
Third, my observations of dominance hierarchies in
groups also do not support cooperative polyandry.

Mader's

(1979) observations suggest that although 1 male sometimes
supplanted the other, the 2 males were nearly co-dominant
in a variety of behavioral contexts.

I did not observe co-

dominance between males at the nest.

Alpha males dominated

beta males in all behavioral contexts at the nest and
usually excluded beta males from the nest altogether.
My results strongly suggest that pair-bonds are
highly developed only between alpha females and alpha
males.

I found no behavioral evidence of polyandry in 53

groups and suggest that most Harris' Hawk groups of >2
consist of a monogamous pair with from 1 to 2 nonbreeding
helpers.

Bednarz (1987) reported that broods in 2 groups

were fathered by a single male and went on to suggest that
polyandry was rare in the New Mexico population.
Nonetheless, in view of Mader's (1979) detailed
report of the behavior of a polyandrous trio of Harris
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Hawks, polyandry must occur infrequently in the Arizona
population.

Similarly, polygyny — the mating of >1 female

with a male — has been suggested in the Harris' Hawk
based on the size and physical characteristics of clutches
(D. Lett, pers. comm., Rowley 1936, Whaley 1979). The
sharing of parental duties by females at some nests and my
observation of copulation between an alpha male and beta
female and also suggest that polygyny may sometimes occur.
I believe that the social system of the Harris' Hawk
is flexible enough to include occasional polyandry and
polygyny.

Variation in alpha male-beta male relationships

and in the roles of adult female helpers in breeding are
indicators of social flexibility.

However, mate-sharing in

the Harris' Hawk will be unequivocally documented only
through genetic evidence.

I am presently conducting field

research that is designed to examine parentage and
relatedness through genetic evidence.

Partitioning of Nesting Duties
Among cooperative breeders, helper participation in
nesting behaviors ranges from providing complete care of
the eggs and young to providing only food to the nestlings
(Emlen 1984).

Systems in which extra birds at the nest do

not participate in parental behaviors are rare (Brown 1978,
1987) and Brown (1978) cautioned against extending the
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definition of helping beyond parental-type behaviors (e.g.
incubating eggs, brooding and feeding young).

However,

other researchers have suggested that some behaviors that
are not strictly parental-type behaviors, such as predator
deterrence and territory defense, also are important
helping behaviors (Woolfenden and Fitzpatrick 1984, Austad
and Rabenold 1985, Hunter 1985).
I found that Harris* Hawk helpers provided only a
small percentage of the direct care of the eggs and young
but were active in behaviors such as capturing and
transporting prey to the nest, predator harassment, and
territorial defense (page 21).

Helpers often attempted to

participate in parental-type behaviors at the nest but were
prevented from doing so by the dominant breeders.
These observations are consistent with concepts of
social manipulation of subordinates by breeders.
Suppression of breeding in offspring by their parents has
been a prominent concept in models of the evolution of
sociality (Michener and Brothers 1974, Alexander 1974,
Emlen 1982, Vehrencamp 1983) and has been suggested in
several species that are cooperative breeders (Hardy 1976,
Vehrencamp 1977, Carrick 1972).
My observations of copulatory behavior suggest that
hawks at the beta level are at elevated levels of breeding
condition.

Participation in nesting activities or simply
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exposure to eggs and young may be necessary to induce
breeding condition in helpers.

This idea has been proposed

in various forms to account for copulations by female
breeders with male helpers in several species (Dow 1978,
Craig 1980, Stacey 1979, Emlen 1982, 1984).

Perhaps

Harris' Hawk breeders must allow helpers to occasionally
enter the nest in order to encourage helper participation
in provisioning of food to the nest and in territorial
defense.

Interestingly, beta males are allowed the most

access to the nest and also provide the highest levels of
helper contributions.
Conversely, in being excluded from the nest much of
the time, helpers may be prevented from attaining full
breeding condition.

A helper in full breeding condition

could be highly disruptive to the social order in a group.
The resulting increase in conflict or emigration of helpers
from the group would probably have negative effects on
reproduction.
The manipulation of subordinates is most obvious in
beta males.

Among helpers, beta males are allowed greatest

access to the nest, are tolerated by alpha males and
females during attempted copulations, and are most active
in nesting activities.

Alpha males probably sacrifice

little in terms of confidence of paternity by allowing beta
males to engage in attempted copulations because beta males
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do not successfully copulate with alpha females.

The

outcome of copulatory behavior appeared to be controlled
not by interruption by alpha males (in which case sneak
copulations could occur) but by the most dominant members
of groups; alpha females.

In this way, the beginnings of

pair-bonds may be formed between alpha females and beta
males.

These preliminary pair-bonds may allow a beta male

to quickly assume a breeding role if the alpha male is lost
from the group.

The ability to replace a breeding male

quickly could be important in a species which can breed
year-round, often produces several broods per year, and can
initiate another brood less than a month after the first
has fledged.
Under this system, the alpha pair would appear to
lose potential fitness benefits that could be gained
through increased care of the offspring or "load-sharing"
of nest duties among all members of a group (Brown 1987).
In particular, allofeeding (feeding of nestlings by a
nonparent) is almost universal among cooperative breeders
yet is conspicuously lacking in the Harris' Hawk (Brown
1987, Skutch 1987).
A factor which may explain why allofeeding is not
common in the Harris' Hawk stems from the foraging ecology
of this species.

Harris' Hawks in Arizona capture prey

species that vary widely in size but rely heavily on 2
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species that are relatively large — the desert cottontail
and Gambel's Quail (Callipepla aambelii) (Mader 1975a).
Although group members may consume part o£ a kill at the
kill site, prey deliveries to the nest often consist of
sizable portions of the prey animal and an entire brood can
often be satiated with a single delivery.
In comparison with smaller birds that are
cooperative breeders, Harris' Hawks make fewer prey
deliveries to the nest and deliver larger portions of food
per delivery.

Stallcup and Woolfenden (1978) intensively

examined feeding rates in the Florida Scrub Jay (Aphelocoma
coerulescens) and reported that feeding rates averaged 8
per hour.

Pood delivery rates for other species range from

3 per hour in the Kookaburra (Dacelo qiaas) to >20 per hour
in the Noisy Miner (Manorina melanocephala) and Green
Woodhoopoe (Phoeniculus purpureus) (Parry 1973, Dow 1970,
Grimes 1975).

In these species, the energy costs to

breeders of entering the nest and placing food in the mouth
of a nestling on each delivery must be high.

Helpers

usually make significant contributions to this chore
(Stallcup and Woolfenden 1978, Brown 1972, Rabenold 1984).
In contrast, Harris' Hawks make fewer deliveries
(about 5 per day) but deliver a large amount of food each
time.

Furthermore, adults feed nestlings (tear small

pieces from the prey item and place them in the nestlings
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mouths) until 1.5 to 2.5 weeks of age (nestling period =
about 6.4 weeks).

After this period, nestlings are capable

of eating prey without aid from an adult and breeders often
just place food in the nest without feeding it to the
nestlings.
Thus, compared to other cooperative breeders,
Harris' Hawks make fewer delivery trips into the nest
through the daily cycle and spend less time actually
feeding nestlings through the nestling-stage cycle.
Because nestlings can be fed a number of times from a
single prey item and only a few deliveries are made each
day, the task of tearing food into small pieces and placing
it into the mouth of a nestling can be accomplished for the
entire brood by the alpha female alone.

Consequently,

feeding by Harris' Hawk helpers would have little effect on
the amount of food or the frequency of feedings received by
nestlings.

It should be noted, however, that both factors

are probably influenced by the efforts of helpers in
capturing and transporting prey to the nest.

Predator Detection and Deterrence
Harris' Hawk helpers may aid the breeding pair in
detecting and deterring potential predators.

Woolfenden

(1978) felt that increased survival in Florida Scrub Jay
groups was due to the ability of a group to detect and
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deter predators more effectively.

The role of predators in

offspring mortality is difficult to assess for the Harris'
Hawk.

Of potential predators. Great Horned Owls elicited

the most aggressive response by members, were very common
in the study area, and were identified as predators in six
nestling mortalities.

However, Great Horned Owls probably

take nestlings or fledglings primarily at night when
members are unable to effectively harass them or defend the
nestlings.

Twice I trapped Great Horned Owls at night

directly under Harris' Hawk nests that contained nestlings.
Thus, Great Horned Owls are able to move freely through
hawk territories at night.

Harassment during the day may

serve to prevent daytime predation of nestlings or drive
transient owls permanently from the nest area.

Group Hunting

Cooperation during group hunts.-Among Falconiformes,
pursuit of the same prey animal by >1 bird is not unique to
the Harris' Hawk.

Hunting groups — often a pair — have

been reported for the Golden Eagle (Aauila chrvsaetos),
Eleonora's Falcon (Falco femoralis). Red-headed Merlin
(Falco chicauera). Lanner Falcon (Falco biamicus). and
Aplomado Falcon (Falco femoralis)(Cameron 1908, Walter
1979, Ali and Ripley 1968, Mebs 1959, Hector 1981).
Although these hunting events appear to be cooperative in

that >2 birds capture prey together, it is difficult to
discern between events in which 2 or more birds
fortuitously chase the same prey animal and events in which
individuals actually cooperate to capture prey.
Accordingly, it is unwise to apply the term "cooperative
hunting" without data concerning the frequency of group
hunts, behavioral adaptations for group hunting, and mutual
benefits to the participants (Chase 1980, Hector 1981).
Do Harris' Hawks "cooperate" during group hunts?
Because potential fitness effects of cooperative hunting
are difficult to measure in the Harris' Hawk, an assessment
of cooperation must be built around an operational
definition.

If group hunting represents cooperation

between individuals, it must represent a complex of
behavioral adaptations for hunting with other individuals.
Three behavioral characteristics should be present in
cooperative hunting and should be observable in the field:

1.

At least some hunting behaviors used by a hawk will be
used only during group hunts and not during solo hunts.

2.

Similar group hunting behaviors will be observed in
different groups that occupy similar habitat.

3.

All members of a hunting group should benefit from
kills made by the group.
My observations are consistent with the first 2

predictions.

Behavioral components of 2 tactics --
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intercept-attacks and flushing — are used by a hawk only
during group hunting.

During intercept-attacks, hawks

following the lead hawk altered their flight paths toward a
point ahead of the prey.
directly pursuing prey.

Hence, these hawks were not
Similarly, hawks entered dense

cover during flushing and apparently sacrificed the ability
to pursue and capture prey as it exited cover.

I did not

observe these behaviors by hawks that were hunting alone.
There was relatively little variation between groups
in the tactics used.

I observed dual-pursuits, intercept-

attacks, ascend-attacks and flushing behavior in at least 9
different groups.

Groups sometimes used several tactics

during prolonged pursuits but the characteristics of each
tactic were similar between groups.
My observations of behavior at the kill site are
puzzling.

Prey was not always shared among the hunting

group and some individuals were never observed obtaining
food from a group kill.

However, these observations are

limited and were made primarily during the nestling stage
when food demands at the nest are high.

An assessment of

benefits to an individual resulting from group hunting must
follow an individual through numerous kills during both
breeding and nonbreeding periods.

Nonetheless, my

observations suggest that feeding hierarchies are related,
in part, to dominance hierarchies at the nest.

Over the
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course of several kills, subordinates may be allowed to
feed as dominants become satiated.

In addition,

subordinates may sometimes be able to obtain kill remains
while dominants are delivering prey to the nest.
Potential benefits of group hunting.-In order for
natural selection to favor cooperation in group hunting,
the benefits to a hawk hunting with a group must be greater
than those derived from hunting alone. Some potential
benefits of cooperating during group hunting are:
1.

Increased probability of capture success through
cooperation.

2.

The capability of capturing prey species (e.g., elusive
or large species) that cannot be captured by a lone
hawk.

3.

Decreased risks incurred during capture attempts.

The first and second benefits would contribute toward
reducing the variance of food intake by alpha females and
nestlings (Brown 1987).

The third would contribute to

increased survivorship of members that cooperate in the
capture of prey.
Hunting success.-Mader (1975a) did not observe an
increase in capture success rates with increasing group
size, however, my data indicate that capture rates for
groups can be more than double that of lone hawks.

I

suggest 2 ways in which group hunting increases success

rates in the Harris' Hawk.

First, the detection rate of

prey animals should increase with group size.

Hawks that

used communal perches while hunting are able to watch
different parts of the surrounding area at the same time.
Similarly, groups that were deployed can view more total
area than a lone hawk could.
Second, The capture rate per number of prey detections is
also higher because groups usually have multiple
opportunities to capture a prey animal.

All cooperative

capture tactics observed during this study involve a series
of attempts to contact prey. Flushing behavior, in
particular, allows groups to continue to pursue prey that
would have escaped a lone hawk.

Prey that has taken refuge

in dense cover is essentially unavailable to a hawk hunting
alone.

Risks of capture attempts.-The potential of physical
injury during capture attempts may be high for Harris'
Hawks hunting in habitats where cacti is abundant.

Whaley

(1979) found a Harris' Hawk that could not fly due to
several cholla joints that were deeply embedded in its neck
and legs and suggested that cholla cactus could cause
mortality in Harris' Hawks.

Similarly, I often observed

Harris' Hawks with cholla segments or spine clusters
embedded in their wings, legs, or bodies following capture
attempts.
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Cooperative capture behaviors probably reduce the
risk of injury in at least 2 ways.

First, by taking turns

closing with a fleeing prey animal, individual hawks, on
average, make fewer direct attempts to contact prey per
capture attempt than while hunting alone (unpubl. data).
It is during attempts to contact prey that hawks are most
likely to sustain physical injuries or collide with cacti.
Second, hunting groups may be more selective in
choosing the area in which they attempt to contact prey.

A

lone hawk has the highest chance of success by contacting
prey before it reaches cover and has 1 or at most 2
opportunities to capture a prey animal before it escapes.
Therefore, a lone hawk must aggressively pursue prey
immediately after detecting it.

Hawks in a group can avoid

contacting prey in risky situations (e.g., when prey is
about to enter cholla cover) and can wait for prey to cross
open areas. I obtained supporting evidence for this during
13 observations of flushing in which a group leisurely
followed prey until it stopped in cover, took positions
over the cover, then aggressively chased the prey as it
crossed open ground.
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Evolution of group living in the Harris' Hawk
Bednarz (1987) suggested that the social system of
the Harris' Havk in New Mexico represented an elementary
stage of group breeding.

My observations suggest that

sociality in the Harris' Havk in Arizona represents a
developed stage of cooperative breeding in which group
hunting behaviors play a major role.

The frequency of

occurrence of groups of >2, strict dominance hierarchies,
reduction of aggression, and partitioning of nesting
behavior suggest that group living is a regular and
developed behavioral trait of the Harris Havk in Arizona.
My observations suggest that cooperative capture
tactics enable Harris' Havk groups to more efficiently
capture prey in habitats vith complex understory
structures.

In these habitats, abundant escape cover makes

prey capture attempts more difficult and risky.
Accordingly, the benefits to an individual resulting from
group hunting vill be greatest in complex habitats. The
incidence of group hunting, and ultimately, breeding group
sizes should be positively related to the complexity of
habitat understory structure.
Information about group hunting, breeding group
sizes, and habitat structure are generally lacking for the
Harris' Hawk throughout its neotropical distribution,
hovever, data from populations in the United States lend
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support to this hypothesis.

The paloverde-cacti-mixed

shrub series of Arizona is a relatively complex habitat and
breeding group sizes in this habitat type are the highest
reported for the Harris' Hawk (3.8 hawks per nest) (page
10).

In the more open habitats o£ New Mexico and Texas,

average breeding group size is smaller (2.7 to 2.1 hawks
per nest) (Griffin 1976, Brannon 1980, Bednarz 1986).
Although group sizes in these habitats may have been
underestimated (see Appendix B), a trend toward smaller
groups is likely in New Mexico and almost certain in Texas.
It remains to be seen if this relationship is consistent
throughout the variety of neotropical habitats occupied by
the Harris' Hawk or between group and pair territories
in the same habitat.
Group hunting is perhaps the most spectacular and
novel aspect of cooperative behavior in the Harris' Hawk.
Understandably, it is tempting to focus on group hunting
when evaluating factors leading to the evolution of
sociality in this species.

Group foraging may indeed

confer direct fitness gains to individual Harris' Hawks
(Alexander 1974, Emlen 1984), however, several
characteristics of sociality in this species caution
against overemphasizing group hunting.

For instance, a

significant percentage of nests in Arizona, New Mexico, and
Texas are attended by simple pairs (Bednarz et al. 1988).

The alpha female and offspring at these nests are
provisioned by the alpha male hunting alone.

Some pairs

remain as pairs year after year in spite of producing
maximum numbers of offspring (unpubl. data).
More importantly, other behaviors (e.g., groupterritoriality and an observed dependence on open water)
suggest that other factors may have influenced sociality
the Harris' Hawk (see page 31). However, before models
can be realistically discussed, descriptive information
about some basic topics (e.g., territorial behavior)
is needed for Harris' Hawk populations.

I wish to

encourage researchers not to overlook the importance of
sound behavioral data in addressing these topics and in
discussing sociality in the Harris' Hawk on a theoretical
level.

Table 1. Supplanting interactions between Harris'Havks in the Gato 4 breeding group
in Arizona, 1986 (total observation hours = 79). Individuals are respresented by
their color band combinations (e.g., HXGR).

Age

Sex

Percent of
time
observed®

Supplanter
XWGR

WRXH

GKXK

WXRR

BXWK

0

0

0

0

0

0

0

0

0

Supplantee:
XHGR

A

F

94.6

WRXW

A

M

67.1

1

GKXK

A

M

42.0

10

39

WXRR

A

M

17.3

7

16

4

BXWK

I

F

15.0

3

7

1

0
0

^Percent o£ total hours of observation at the nest that an individual was observed.

CO

cn

86

Table 2. Time intervals (in minutes) for beta and gamma
Harris' Hawks between arrival within 50 m of the nest and
supplanting by an alpha hawk.

Status

No.
observations

Mean

SD

Range

Beta males

636

4.38

5.71

.53 - 39.00

Gamma members

516

1.39

1.69

.10 - 22.16

87

Table 3. Nest attendance by Harris' Hawks in Arizona, 1984
-1986 (a = 53 groups).

Status

Alpha

Beta

Gamma

Sex

No.
individuals
observed

Total
observation
hours®

Percentage of
observation time
near nest'^

F

53

2013.4

83.7

M

53

2013.4

68.0

F

6

96.2

75.3

M

40

1147.7

29.7

F

20

794.9

11.0

M

33

722.5

13.5

^Hours of observation for all groups.
^Within 300 in of the nest.

Table 4. Participation in 7 selected breeding behaviors by Harris* Hawks in Arizona,
1984-1986. Values represent percentages of total observations in all groups (a = 53).

a

Female

Male

Beta
Male

Detect predators

197

29.5

36.0

Harrass predators^

137

15.3

2156

AlDha

Gamna
Female

Male

7.1

11.7

15.7

28.5

23.4

18.9

13.9

5.2

21.1

27.6

20.4

25.7

56

46.4

35.7

16.1

1.8

0

Incubate eggs

221

80.9

15.4

3.2

.5

0

Brood/shade nestlings

247

67.2

27.5

5.3

Feed nestlings

901

73.1

20.1

5.0

Behavior

Hunt^
Nest construction

0
.7

0
1.1

^ Often >1 member participated in each event.

OO
00

Table 5. A comparison o£ parental behaviors by the alpha adult female (GWXG) and the
beta adult female (WXGG) at the Gate Group In Arizona, 1984 (27 h. observation during
the egg stage and 156 h. during the nestling stage).

Incubate

12

66.6

Brood/shade

27

51.8

Feed nestlings

51

45.1

Add nest material

11

81.8

%

Mean
duration®

33.3

72.0

48.0

48.1

42.0

12.0

54.9

6.0

18.2

n/a

•

%

uasi

o

Behavior

OD

GWXG
Mean
duration®

Total
observations

n/a

^duration In nlnutes.

CO
KD
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Table 6. Capture success by Harris' Hawks hunting alone and
in groups, Arizona 1984-1986.

Outcome of
capture
atteapt

Nunber of
observations^

Hunting group size
1 2
3
4

65

53

52

29

5

8

Successful

20.0%

32.1%

40.4%

37.9%

50.0%

Unsuccessful

80.0%

67.9%

59.6%

62.1%

50.0%

^Observations in which outcoaes could be determined.
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Doninance
status Age/Sex

n^

Active
Response^

Alpha

A/F

34

26.5

14.7

26.5

00

Table 7. Behavioral responses by Harris' Hawks in the Cholla
Grove Group to Great Horned Owls in the nest area, Arizona
1986 (a = 34 observations, 151 hours of observation).

Initial
Attack*^

A/M

27

100.0

55.5

100.0

25.9

Beta

A/M

24

100.0

50.0

100.0

8.3

Gaaaa

A/H

9

77.7

22.2

55.5

O.O

I/F

6

66.6

0.0

50.0

0.0

Chase^

Strike^

^Nusber of owl harrassaent observations in which a meaber
was present .
'^Moveaent fron a perch toward an owl.
^The first closing flight toward an owl.
^Chases were often performed by >1 hawk per observation.
®Any physical contact between a hawk and an owl.

Table 8. Percentage and Bean duration of copulations and
atteapted copulations by alpha and beta males In breeding
groups o£ Harris' Hawks In Arizona. 1984-1986.

Behavior

n

Male status
Alpha
Beta

Mean
Duration

Copulation

44

100.0

0.0

2.79 + 1.08

Att empted
copulation

23

8.7

91.3

5.33 +. 2.57
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Figure 1. ScheaatLcs of doainance hierarchies
representative o£ Harris' Hawk groups that contain a beta
male (A) and a beta fenale (B).
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Figure 2. Percent composition by sex, age, and dominance status o£ Harris' Hawk
groups that contain 3 (a = 17), 4 (a = 12), 5 (n. = 8), and 6 or
7 (a = 7) members, Arizona, 1984-1986. Adult hawks are shown by open bars
and immature hawks are shown by hatched bars.
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The mean percent of time spent perching (total hours recorded for
helpers = 925.25) is shown on the bottom axis.
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Figure 4 . Dual-attack tactics used by Harris' Havks in an
open area (A) and in cover (B). Open circles represent
unsuccessful attempts to capture prey and crossed circles
represent captures.

Figure 5.
Ascend-attack tactic used by Harris' Havks during group hunting. The open
circle represents an unsuccessful capture attempt and the crossed circle represents
a capture.
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.J

ARROYO

Figure 6. Intercept-attack tactic used by Harris' Havks
during group hunting. The relative positions of hawks and
prey at 3 points during the attack are indicated with
triangles and are progressively numbered. The open circle
represents an unsuccessful capture attempt and the crossed
circle represents a capture.

Figure 7. Flushing behavior by a hunting group o£ Harris' Hawks. The crossed circle
represents a capture.
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Figure 8. Percentages o£ prey deliveries (a
136) to the nest
area by Harris' Hawks In breeding groups In Arizona, 1984-1986.
Percentages were averaged frosi a sample o£ 4 breeding groups
that contained 5 members with Identical sex, age, and dominance
compositions.
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Figure 9 . Rates of copulatory behavior during the breeding cycle by
Harris' Hawks In Arizona, 1984-1966.
Copulations ( a ' 44) are
shown by open bars and attenpted copulations (a "23) are shown by
hatched bars.
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APPENDIX B

A comparison of 2 methods of estimating group size in the
Harris' Havk.
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Accurate estimates of the size of social units or
breeding groups are central to studies of cooperative
breeding in birds.

Researchers have used various

observational methods in conjunction with color-banding
schemes to census breeding groups and identify individual
group members (Brown 1987). Particular methods used have
depended largely on how the species under study behaved in
the presence of humans. Florida Scrub Jays (Aohelocoma
coerulescens) and Arabian Babblers (Turdoides sauamiceps).
for example, habituated to humans and researchers were able
to accurately ascertain group size by simply walking
through territories and counting marked individuals
(Woolfenden and Fitzpatrick 1984, Carlisle and Zahavi
1986). In other species, researchers were able to estimate
group size by watching the nest and counting individuals
from a distance at which birds were not disturbed (e.g.,
Dow 1978). Some species, however, are extremely wary of
humans and remain alarmed when humans are near the nest.
Researchers have obtained accurate estimates of group size
in these species by observing nests from concealed
positions (e.g., Ridpath 1972, Craig 1980, Koenig and Mumme
1987).
The Harris' Hawk (Parabuteo unicinctus) breeds in
groups of >2 throughout its range in the southwestern
United States (Mader 1975a, Griffin 1976, Bednarz 1987).
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Ornithological interest in the Harris* Hawk increased
dramatically after Mader (1975a) reported helpers at nests
(e.g.. Griffin 1976, Whaley 1979, Dawson and Mannan 1985,
Bednarz 1987, Bednarz and Ligon 1988).

This species,

therefore, is of increasing importance as a research
subject.
Harris' Hawks are extremely wary of humans near the
nest and respond to human intruders by soaring over the
nest and alarm-calling (Mader 1975b, Whaley 1979), or by
fleeing the nest area altogether (Bednarz 1986). Despite
the intolerance of Harris' Hawks to humans near their
nests, researchers have estimated group sizes by counting
the number of hawks seen while walking through the nest
area (Mader 1975b, Whaley 1979, Bednarz 1987). An implicit
assumption of this method is that all group members respond
to human intruders in such a way that they can be observed
and counted. The validity of this assumption has never been
established. Mader (1975b) and Bednarz (1987) recognized
that estimates of group size based on this method could be
erroneous, but did not use alternative methods to evaluate
their results.
I studied the breeding system of the Harris' Hawk in
Arizona and used 2 methods to estimate group size at each
nest.

Herein, I compare estimates obtained by walking

through the nest area with estimates obtained while
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observing social behavior from a blind at the nest. I also
recorded the behavioral responses of Harris' Hawks to a
human approaching the nest.
I studied Harris' Hawks in Pinal County, Arizona for
3 seasons (January to August, 1984-1986). Vegetation in the
study area is in the Paloverde-cacti-mixed scrub series of
the Sonoran Desert (Turner and Brown 1982). I color-banded
362 Harris' Hawks during the study. All hawks were marked
in 81.1% of the groups we studied (n = 53); 1 unmarked hawk
was present in 15.1% of the groups; and 2 unmarked hawks
were present in 3.8% of the groups. Of the groups that
contained 2 unmarked hawks, none contained unmarked hawks
of the same age class (i.e., immature or adult) and sex.
I identified the territories of most groups before
nesting and later located nests by searching each territory
every 2 weeks. I estimated the size of the group present at
each nest in 2 ways. First, I visited each nest a minimum
of 5 times and counted the number of hawks seen on each
visit. I used the maximum number of hawks seen during a
visit as the estimate of group size. Hereafter, I refer to
these estimates as "counts".

Second, I observed breeding

behavior of hawks from elevated, fully-enclosed blinds that
were placed from 3-10 m of nests.

Hawks generally accepted

the presence of blinds in the nest area and returned to the
nest shortly after the blind was constructed (mean return
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time = 13.8 minutes, q. = 64 nests). I observed each nest
for 10-413 hours, and identified the hawks that came into
the nest area by their color-bands. 1 estimated group size
by listing the hawks we observed in the nest area, and
hereafter refer to these estimates as "lists".
I recorded the responses of nesting hawks to a human
by observing hawks from blinds as a person walked into the
nest area. 1 used all-occurrence sampling (Altmann 1974),
and binoculars, a spotting scope, stopwatches, tape
recorders, and an ethogram code that represented defense
behaviors (e.g., alarm-calling, soaring) to observe and
record responses. The 34 nests that were studied in this
way contained nestlings ranging from 5 to 23 days of age.
I present the behavior of group members by dominance
rank and sex. I identified dominance hierarchies within
groups by the outcomes of supplanting interactions (n =
1152) between group members. Sex of individuals was
ascertained by weight (Mader 1975b, Hamerstrom 1978, Dawson
1988). Alpha females and alpha males were breeders (based
on observations of 67 copulatory events), whereas beta and
gamma hawks were nonbreeding helpers. Detailed descriptions
of the methods used to ascertain the sex, dominance rank,
and breeding status of group members are presented on pages
18-21 and in Appendix A.
The number of hawks that I listed while observing
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groups from blinds was higher than that counted during
visits to the nest for 64.1% of 53 nests studied. Estimates
of group size clearly depended on the method used (Table 1;
Chi-square contingency test for independence: x2=l7.91,
df=5, P=0.003). Size of groups was underestimated by counts
in 58.8% of groups of 3, 83.3% of groups of 4, 87.5% of
groups of 5, and 100% of groups of 6 and 7. The frequency
of occurrence of groups of 2 and 3 was higher for counts
than lists because many groups of 4-7 were underestimated
during counts as groups of 2 or 3.
I found that maximum group sizes often were not
recorded within the first hour of observation from blinds
(Fig. 1).

Helpers sometimes perched in the vicinity of

nests (150-300 m away) for long periods, but visited the
nest infrequently (Appendix A). Consequently, only groups
of 2 were accurately censused within the first hour of
observation. Maximum group sizes were recorded for most
groups between 4 and 7 hours of observation (Fig. 1). I
observed 15 groups for >10 hours (x = 41 hours, range 26 413 hours) and did not record additional members after 10
hours of observation for these groups.
The behavioral responses of hawks to humans at 34
nests (74 human approaches) varied among group members and
was related to their dominance standing within the group
(Table 2). The most intense responses were alarm-calling
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from perches within 50 m of the nest and soaring low over
the nest. These behaviors usually were performed by alpha
females and alpha males, and occasionally by beta males
(Table 2). Gamma hawks, however, rarely defended the nest
area (Table 2). At the other extreme, beta and gamma hawks
often left the nest area as soon as they detected an
approaching human (Table 2). Hawks that left the nest area
usually flew below the tree level in a direction opposite
the approaching human and did not return while the human
remained near the nest. These liawks generally were missed
during counts (82.4% of 74 approaches/counts).
My results indicate that estimates of the size of
breeding groups of Harris' Hawks obtained by counting hawks
during visits to the nest are unreliable. More than half of
the groups I studied were underestimated by counts because
helpers were often not observed during visits. By listing
hawks during observations of nesting behavior I recorded a
larger average group size and higher frequencies of groups
of >3 than have been previously reported for the Harris'
Hawk. Mader (1975a) and Whaley (1979), for example, also
studied Harris' Hawks in the Paloverde- cacti-mixed scrub
series of Arizona and used counts to estimate group size.
Mader (1975b) counted 2 and 3 adults at 54 and 46%,
respectively, of 50 nests, and Whaley (1979) counted 2, 3,
and 4 adults at 54, 41, and 5%, respectively, of 227 nests.
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Many ecological factors could affect the size of groups
over time, but during my counts I recorded percentages of
groups of 2 and 3 that were similar to those reported by
Mader (1975b) and Whaley (1979). I believe, therefore, that
group sizes were underestimated during previous studies of
the Harris' Hawk in Arizona.
Harris' Hawks in New Mexico appear to be more shy of
humans than those observed during our study, and group
members frequently flee the nest area as soon as a human
approaches (Bednarz 1986). Bednarz (1986, 1987) used the
number of hawks counted during a nest visit (a minimum of 5
visits) as an estimate of group size. Hawks were reluctant
to return to the nest when a blind was placed nearby and a
comparison of estimates based on counts versus lists was
not possible. Thus, the extent of bias in estimates of the
size of Harris' Hawk groups in New Mexico is unknown, but
the extreme wariness of hawks to humans (Bednarz 1986)
suggests that group sizes were underestimated during
counts.
Underestimation of group size can potentially cause
errors in analyses or interpretation of social behaviorsFor example, Bednarz (1987) used estimates of group size
based on counts in a comparison of the reproductive success
of pairs versus groups with >2 hawks. In my study, over 60%
of the pairs estimated by counts were actually groups of 3
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or more. Also, group members that were missed during counts
may be misidentified as nonmembers if observed near the
nest at other times. This confusion may account for some
reports o£ harmonious interactions between nesting havks
and trespassing "nonmembers" (Mader 1975a, Bednarz 1987).
My data suggest that accurate estimates of group
size in the Harris' Hawk can be obtained by watching nests
from a concealed position and listing color-banded hawks
observed in the nest area. Over-estimating group size by
listing nonmembers as part of a group is unlikely because
Harris' Hawks actively exclude conspecific trespassers from
the nest area (Pages 21-22). It is possible, however, that
the size of some groups could be underestimated if all
helpers do not visit the nest during the observation
period. My data suggest that observing the nest for at
least 10 hours will minimize this possibility.
Another important advantage of estimating group size
by lists is that the criteria used to establish membership
in a breeding group can include behaviors that are directly
related to reproduction. If, for example, a hawk is
observed feeding nestlings or bringing food to the nest or
to another group member, there can be little doubt about
its group affiliation. During counts researchers rely
largely on a single behavior, the defense response to human
intruders, as the sole criterion for group membership. The
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defense response, however, varies widely among individuals
and, therefore, requires some subjective evaluation before
it can be used to identify group members (e.g., Mader
1975b, Bednarz 1986).
I recommend that researchers estimate group sizes in
the Harris' Hawk, and other cooperatively breeding birds
that are wary of humans, by listing members seen during
observations from a concealed position near the nest.
Estimates of group sizes in Harris' Hawks derived from
counts should be regarded as minimum estimates and analyses
based on these estimates should be interpreted with
caution.

Table 1. Estimates of the size of breeding groups of
Harris' hawks in Arizona based on observations at the
nest (lists) and the number seen while walking through
the nest area (counts), 1984-1986 (n. = 53 nests).

Counts

Lists

Number
in
group

Number
o£
groups

Percent
of total
groups

Number
of
groups

Percent
of total
groups

2

9

17.0

23

43.6

3

17

32.1

22

41.5

4

12

22.6

5

9.4

5

a

15.1

2

3.7

6

5

9.4

1

1.9

7

2

3.8

0

Mean:

3.8

2.8

Range:

2 -7

2-6
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Table 2. Responses of alpha, beta, and gamma Harris' Hawks
to a human approaching the nest area, 1984-1986, Arizona.
If hawks performed >1 behavior during an approach, the
most conspicuous behavior is listed.

Behaviors
(% of observations)

Dominance
status
Sex

Alpha

A

B

C

D

E

F

1.4

female

74

33.8

39. 2

16.2

6.7

2.7

male

70

22.9

44. 2

15.7

12.9

4. 3

Beta

male

65

12. 3

13.9

15.4

21. 5

36.9

Gamma

female

37

2.7

21.6

10. 8

64.9

male

51

9.8

13.7

21.6

54.9

^Number of observations.
A
B
C
D
E
F

=
=
=
=
=
=

perch near nest (^150 m)
soar low over nest (<.100 m)
soar high over nest (>100 m)
perch away from nest (>150 m)
soar away from nest (>200 m)
leave nest area
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Figure 1. Cumulative percent o£ breeding groups o£ Harris'
Havks in which maxiaun group size vas observed during 10
hours o£ observation £rom blinds, 1984-1986, Arizona.
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