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A Comparison of Two Methods of Estimating Breeding Group Size in Harris’ Hawks

JaAMES W. DAWSON AND R. WILLIAM MANNAN
School of Renewable Natural Resources, University of Arizona, Tucson, Arizona 85721 USA

Accurate estimates of the size of social units or
breeding groups are central to studies of cooperative
breeding in birds and a variety of methods are used
in conjunction with color-banding to census group
members (Brown 1987). The particular methods used
depend largely on how species respond to the pres-
ence of humans. Scrub Jays (Aphelocoma coerulescens)
and Arabian Babblers (Turdoides squamiceps), for ex-
ample, can habituate to the presence of humans; con-
sequently, group sizes can be accurately estimated by
simply walking through territories and counting
marked individuals (Woolfenden and Fitzpatrick 1984,
Carlisle and Zahavi 1986). In other species, group size
is estimated by watching the nest and counting in-
dividuals from a distance at which birds are not dis-
turbed (e.g. Dow 1977). Some species, however, are
extremely wary of humans and remain alarmed when
humans are near the nest. Accurate estimates of group
size in these species are obtained by observing nests
from blinds or other 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 southwest-
ern United States (Mader 1975a, Griffin 1976, Bednarz
1987). Interest in the Harris’ Hawk increased dra-
matically after Mader (1975a) reported helpers at nests
(e.g. Griffin 1976, Whaley 1979). Recent studies have
focused on the cooperative breeding behavior of this

species (Mader 1979, Bednarz 1987, Bednarz and Li-
gon 1988, Dawson 1988).

Harris’ Hawks are extremely wary of humans near
the nest and respond to humans by soaring over the
nest and giving alarm-calls (Mader 1975b, Whaley
1979), or by fleeing the nest area altogether (Bednarz
1986). Estimates of the size of breeding groups of
Harris’ Hawks generally are made by counting the
number of hawks seen while walking through the
nest area, or during visits to the nest for other pur-
poses (Mader 1975b, Whaley 1979, Bednarz 1987). An
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.

We studied breeding Harris” Hawks in Arizona and
used two methods to estimate group size at each nest.
We compared estimates obtained by counting hawks
while visiting the nest with estimates made while
observing social behavior from a blind at the nest.
We also recorded the behavioral responses of Harris’
Hawks to a human approaching the nest.

We studied Harris” Hawks in Pinal County, Ari-
zona, 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). We banded 362 Harris’ Hawks with
unique combinations of 3 colored leg bands and a
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TABLE 1. Estimates of the size of breeding groups of
Harris” Hawks in Arizona based on observations at
the nest (Lists) and number seen while walking
through the nest area (Counts), 1984-1986 (n = 53
nests).

Lists Counts
Percent- Percent-

No. in No. of ageofall No.of age ofall
group groups groups  groups groups

2 9 17.0 23 43.6

3 17 32.1 22 41.5

4 12 22,6 5 9.4

5 8 151 2 37

6 5 9.4 1 1.9

7 2 3.8 0 —

Mean 3.8 2.8

Range 2-7 2-6

numbered metal band. Hawks were trapped with bal-
chatri traps (Berger and Mueller 1959) and nestlings
were color-banded when they were 35-48 days old.
All hawks were marked in 81.1% of the groups (n =
53); one unmarked hawk was present in 15.1% of the
groups; and two unmarked hawks were present in
3.8% of the groups (percentages based on estimates
obtained by observing hawks from blinds).

We noted areas frequented by groups before nest-
ing. Later we located nests by searching each area
every 2 weeks until the nest was found. We estimated
the size of the group present at each nest in two ways.
First, we visited each nest a minimum of six times
and counted the number of hawks seen on each visit.
We used the maximum number of hawks seen during
a visit, or the maximum number that could be inter-
preted from observations of different birds (based on
age-related differences in plumage or color-bands) on
different visits, to estimate group size. We refer to
these estimates as “counts.” Second, we observed
breeding behavior of hawks from elevated, fully en-
closed blinds 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 time = 13.8 min, n =
64 blind setups). We observed each nest for 10-413
h, and identified the hawks that came into the nest
area by their color-bands. We estimated group size
by listing the hawks observed in the nest area and
refer to these estimates as “lists.”

We recorded the responses of nesting hawks to a
human at some nests (n = 34) by observing hawks
from a blind as a person walked into the nest area.
We used all-occurrence sampling (Altmann 1974), and
binoculars, a spotting scope, stopwatches, tape re-
corders, and an ethogram code that represented de-
fense behaviors (e.g. alarm-calling and soaring) to
observe and record responses. The nests contained
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Fig.1. Cumulative percentage of breeding groups
of Harris’ Hawks in which maximum group size was
observed during 10 h of observation from blinds, 1984-
1986, in Arizona.

nestlings ranging from 5 to 23 days of age. Breeding
status of group members was evaluated from obser-
vations of egg laying, copulatory behavior, and par-
ticipation in nesting duties (Dawson 1988). We clas-
sified hawks as adults or immatures based on
differences between adult plumage (attained at ca. 1
yr) and immature plumage (Brown and Amadon 1968).

The number of hawks listed while observing groups
from blinds was higher than that counted during vis-
its 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 indepen-
dence: x*= 1791, df = 5, P = 0.003). Group size 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.

We found that maximum group sizes often were
not recorded within the first hour of observation from
blinds (Fig. 1). Helpers sometimes perched in the vi-
cinity of nests (150-300 m away) for long periods, but
visited the nest infrequently (Dawson 1988). Conse-
quently, 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 h of observation (Fig. 1). We observed 15 groups
for >10 h (¥ = 41 h, range = 26-413 h) and we did
not record additional members after 10 h of obser-
vation for these groups.

The responses of hawks to humans at 34 nests (74
human approaches) varied among group members
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and was related to breeding status and age (Table 2).
The most intense responses were alarm-calling from
perches within 50 m of the nest and soaring low over
the nest. These activities usually were performed by
breeders, and occasionally by adult helpers (Table 2).
Immature helpers, however, rarely defended the nest
area (Table 2). At the other extreme, helpers (partic-
ularly immature helpers) 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 hawks generally were missed
during counts (82.4% of 74 approaches/counts).

We believe that estimates of the size of breeding
groups of Harris” Hawks obtained by counting hawks
during visits to the nest are unreliable. Of the groups
we studied, >50% were underestimated by counts
because helpers were often not observed during vis-
its. By listing hawks during observations of nesting
behavior, we recorded a larger average group size
and higher frequencies of groups of >3 than reported
previously for Harris’" Hawk (Mader 1975a, Griffin
1976, Whaley 1979, Bednarz 1987). In Arizona, Mader
(1975b) counted 2 and 3 adults at 54% and 46%, re-
spectively, of 50 nests, and Whaley (1979) counted 2,
3, and 4 adults at 54%, 41%, and 5%, respectively, of
227 nests. Many ecological factors could affect the size
of groups over time, but during our counts we re-
corded percentages of groups of 2 and 3 that were
similar to those reported by Mader (1975b) and Wha-
ley (1979).

Bednarz (1986, 1987) also used the number of hawks
counted during repeated visits to the nest (a mini-
mum of 5 visits) to estimate the size of Harris’ Hawk
breeding groups in New Mexico. Some visits inciuded
time spent at the nest weighing or banding nestlings.
Harris” Hawks in New Mexico appeared to be more
shy of humans than those we observed, and group
members frequently fled the nest area as soon as a
human approached (Bednarz 1986). The tendency to
flee from humans would exacerbate the problems as-
sociated with the count method. However, differ-
ences in vegetation structure between the shrublands
of southeastern New Mexico and the Paloverde-
cacti-mixed scrub series in Arizona (i.e. the former is
more open than the latter) may have increased the
likelihood of seeing hawks that flew away (Bednarz
pers. comm.). Bednarz (pers. comm.) could not com-
pare estimates based on counts and lists because the
hawks he studied would not return to the nest even
when a blind was placed >100 m away. 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 may have been underestimated.

Underestimation of group size can potentially cause
errors in analyses or interpretation of social behavior.
For example, if we used estimates based on counts to
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TABLE 2. Responses (percentage of observations) of
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. Sample sizes are in parentheses.

Helpers
Breed- Imma-

ers? Adult  ture

Behavior (144) (80) (73)

Perch <150 m from nest 28.5 0.0 0.0
Soar =100 m over nest 41.7 10.0 0.0
Soar >100 m over nest 15.9 15.0 4.1
Perch >150 m from nest 9.7 20.0 12.3
Soar >200 m from nest 3.5 225 15.1
Leave nest area 0.7 32.5 68.5

* All breeders were adults.

compare the productivity of pairs vs. groups, the anal-
ysis would be meaningless because >60% of the “pairs”
were actually groups of 3 or more. Also, group mem-
bers that were missed during counts may be mis-
identified as nonmembers if observed near the nest
at other times. This confusion may account for some
reports of harmonious interactions between nesting
hawks and trespassing “nonmembers” (e.g. Mader
1975a).

We believe that accurate estimates of group size in
the Harris’ Hawk can be obtained by watching nests
from blinds and listing color-banded hawks observed
in the nest area. The possibility of overestimating
group size by listing nonmembers as part of a group
is unlikely because Harris’" Hawks actively exclude
conspecific trespassers from the nest area (Dawson
1988). It is possible that group sizes could be under-
estimated if several group members are not marked,
or if all helpers do not visit the nest during the ob-
servation period. We suggest that observing the nest
for at least 10 h will minimize the latter possibility.

Another important advantage of estimating group
size by lists is that the criteria used to establish mem-
bership in a breeding group can include behaviors
that are related directly to reproduction. If a hawk
feeds nestlings, brings food to the nest or to another
group member, or participates in group hunts, there
can be little doubt about its group affiliation. All of
the hawks we listed as members participated in one
or more of these activities. Responses of hawks to
humans, the sole criterion for group membership dur-
ing counts, varies widely among individuals and re-
quires subjective evaluation before group affiliations
can be assigned (e.g. Mader 1975b, Bednarz 1986).

We thank N. Mays who trapped and banded many
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Churetta, E. Dawson, R. Fargo, M. Haas, B. Hines, S.
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C. Griffin, T. Huels, P. Krausman, N. Smith, and L.
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Breeding Opportunities, Foraging Rates, and Parental Care in
White-winged Crossbills

CRAIG W. BENKMAN'
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There has been much research on factors that pro-
mote interspecific differences in the relative contri-
bution of the sexes to parental care (Trivers 1972,
Maynard Smith 1977, Ridley 1978, Wells 1981), but
there has been less work on intraspecific variation in

! Present address: Department of Zoology, Univer-
sity of British Columbia, 6270 University Blvd., Van-
couver, British Columbia V6T 2A9, Canada.

parental care (e.g. Keenleyside 1983, Beissinger and
Snyder 1987). I demonstrate that (1) when White-
winged Crossbills (Loxia leucoptera) have immediate
breeding opportunities and energy intake rates are
sufficient to permit one parent to care for the fledg-
lings, only the male feeds them (presumably because
the female deserts and renests), but (2) when cross-
bills have no immediate breeding opportunities and
lower intake rates, both parents care for the fledg-
lings.



