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TERRITORY FIDELITY, MATE FIDELITY, AND MOVEMENTS OF
COLOR-MARKED NORTHERN GOSHAWKS IN THE
SOUTHERN CASCADES OF CALIFORNIA

PHILLIP J. DETRICH AND BRIAN WOODBRIDGE

Abstract.  Eighty adult Northern Goshawks (Accipiter gentilis) were marked with color bands during
a 9-year period in northern California, and 119 nestlings were banded. Observations in subsequent
years located 47% of the adult females and 40% of the adult males. Seventy-two percent of the adults
located in consecutive years retained the mate from the previous year. There was no significant
difference in mate retention among sexes. Males were significantly more likely to remain in the same
territory from year to year than were females. Among hawks located in years subsequent to marking,
18.2% of the females and 23.1% of the males were found breeding in other territories 4-13 km from
the location of marking. Two banded nestlings (1.7%) were recaptured as adult female breeders at

distances of 16 and 24 km from their natal sites.
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Since 1983, Northern Goshawks (Accipiter
gentilis) have been marked on three USDA For-
est Service ranger districts (RD) in northern Cal-
ifornia: the McCloud RD on the Shasta—Trinity
National Forest (1983-1989), the Goosenest RD
on the Klamath National Forest (1985-1993),
and the Devil’s Garden RD on the Modoc Na-
tional Forest (1988-1992). The objectives of this
marking were to evaluate mate fidelity and site
fidelity, turnover of adults at territories, and
movements among territories.

METHODS

Adult Northern Goshawks were captured at nest sites
using the dho-gaza with a live Great Horned Owl (Bubo
virginianus) as a lure (Bloom 1987, Bloom et al. 1992).
Adult goshawks were banded with U.S. Fish and Wild-
life Service (USFWS) aluminum bands on one leg, and
with colored plastic bands with contrasting numerals
on the other leg. Goshawks were identified in subse-
quent years either by re-trapping or by reading color
bands with binoculars or spotting scope. The degree of
annual follow-up effort varied considerably because of
variation in personnel and funding. Typically, each
year several hours were spent during the nestling period
searching for nests and hawks in each area where nest-
ing had been recorded in the past. In later years, taped
goshawk calls were used to locate nests. On the Goose-
nest RD, standardized belt transects were employed to
locate sites, and blinds were built to facilitate reading
color bands. Climbers banded nestling goshawks with
USFWS bands; nestlings were not marked with color
bands. Most nests were climbed while the adult female
was held hooded.

We did not reliably locate marked goshawks that did
not nest or that failed during incubation, because early
in the nesting season access was limited by snow and
the goshawks were secretive. Because we were most
successful in finding nests and trapping and identifying
adults during the nestling period, this study was limited
primarily to goshawks that were successful in hatching
young.

Accipiter gentilis; color-marking; movements; Northern Goshawk; site and mate fidelity.

We used the term “occupancy” to include any year
in which a marked adult was found in a territory (in-
cluding the year of marking). Goshawks that had not
yet ended a period of occupancy were not included in
calculations of duration of occupancy. We used the
term ““fidelity” to refer to consecutive years of occu-
pancy or mate retention by marked individuals. A ter-
ritory was defined as a cluster of nest sites with >1
year of recorded use (Woodbridge and Detrich this
volume). Occasionally, marked adults were located in
a territory even though the nest was not found. Because
these adults demonstrated site fidelity, they were in-
cluded in the analysis. Significance of proportional dif-
ferences in fidelity to mate and site were analyzed using
the log-likelihood ratio (Zar 1984:52).

RESULTS AND DISCUSSION

Through the 1991 season, we color-banded 47
adult females and 33 adult males, and banded
119 nestlings. Results include re-sightings through
the 1992 season. Twenty-two females and 13
males were found in years following marking.
Thus, 53% of the females and 60% of the males
either died or were not found in subsequent years.
Two goshawks banded as nestlings were located
as breeders in subsequent years. One marked gos-
hawk was found dead. At least one adult was
marked in 46 territories. We attempted to locate
marked birds in 194 territory-years (i.e., a year
subsequent to marking during which searches or
observations took place in the territory). Marked
females were located in 98 (51%) of these op-
portunities, and marked males were located in
60 (31%).

OCCUPANCY AND FIDELITY TO
MATES AND NEST TERRITORY

Territory occupancy by females ranged from

1 to 7 years, and averaged 1.8 years (SsD = 1.3,
N = 40). Because of the difficulty of finding nests
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TABLE 1. SrTeE AND MATE FIDELITY AMONG MARKED
REPRODUCTIVELY SUCCESSFUL NORTHERN GOSHAWKS
IN SUCCESSIVE YEARS IN NORTHERN CALIFORNIA

%
males females Overall
Pattemn [0y) (N) (]
Same mate 75.0(12) 69.2(13) 72.0(25)
Same nest area 76.5(17)* 71.4(49) 73.1(66)

* Significant difference between sexes (G = 5.2, df = 1, P < 0.025).

in consecutive years (Woodbridge and Detrich
this volume), the observed mean occupancy was
probably less than the actual.

Territory occupancy by males ranged from 1
to 3 years, and averaged 1.3 years (sp = 0.54, N
= 27). The observed occupancy by males was
also believed to be lower than the actual rate and
cannot be directly compared with that of females
because of the greater difficulty in trapping and
observing males.

In 18 of 25 instances when mates were iden-
tified in consecutive years, the mate from the
previous year was retained (Table 1). Mate re-
tention did not differ significantly between sexes
(G =0.8,df = 1, P < 0.40). In 48 of the 66
instances in which adults in a territory were iden-
tified in consecutive years, marked adults re-
mained in the territory. Males were significantly
more likely to remain in the same territory from
year to year than were females (G = 5.2, df = 1,
P < 0.025).

Among the 23 adults that remained on the
same territory in consecutive years and whose
mate was known in those years (Table 2), there
was no significant difference in mate retention
between sexes (G = 3.6, df = 1) at P < 0.05, but
at P < 0.10, males were more likely to retain the
same mates than were females, suggesting a ten-
dency in this regard.

Considerable variation was observed among
adults that did not retain mates in consecutive
years. For instance, in three territories observed
for five-year periods, two males and two females
bred in three different combinations. Another
male bred with three different females in the same
territory during a six-year period; one of these
females was present in three non-consecutive
years.

We remain uncertain as to the effects of our
activities on site occupancy and fidelity. Among
17 occupied nests where no trapping or banding
occurred, only two were occupied in the follow-
ing year, indicating a high degree of movement
in the undisturbed population. However, be-
cause these adults were not marked, fidelity pat-
terns in the undisturbed population could not be
determined for comparison.
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TABLE 2. MATE FIDELITY AMONG MARKED
REPRODUCTIVELY SUCCESSFUL NORTHERN GOSHAWKS
IN SUCCESSIVE YEARS IN THE SAME BREEDING TERRITORY
IN NORTHERN CALIFORNIA

% %
males females Overall
Pattern N) ™) ™)
Same mate 80.0(10) 69.2(13) 73.9(23)
Different mate  20.0 30.8 26.1

MOVEMENTS

Among the 22 females located in years sub-
sequent to marking, four (18.2%) were found
breeding at a second territory. These movements
ranged from 5.5 to 12.9 km (mean = 9.8 km, SD
= 2.7). One of these females later returned to the
territory where she had been marked; that ter-
ritory had been occupied by another female dur-
ing the interim. Among the 13 males located in
years subsequent to marking, three (23.1%) were
found breeding at a second territory. Their
movements ranged from 4.2 to 10.3 km (mean
= 6.5 km, sp = 2.7).

The distances to the nearest neighboring ter-
ritory for most of the adults that moved were
not reliably known. However, nearest-neighbor
distances in intensively surveyed portions of the
study area ranged from 1.3 to 6.1 km (mean =
3.3 km, sp = 0.3) (Woodbridge and Detrich this
volume). All adult movements among territories
were more than two standard deviations greater
than the mean nearest-neighbor distance, and
thus, it appears that few were likely to involve
movements to neighboring territories.

Two of the 119 nestlings banded (1.7%) were
recaptured as adult female breeders at distances
of 16.1 and 24.2 km from their natal sites. One
was captured in the fifth year following banding,
the other in the seventh year following banding.

TURNOVER IN TERRITORIES

Analysis of turnover was problematic because
of the high rate of attrition of territories (Wood-
bridge and Detrich this volume), movement
among territories by both sexes, intermittent use
of territories by individuals, and the need for
more years for observations of hawks marked in
recent years.

In 27 territories occupied in the year following
marking of adults, eight (30%) were occupied by
new females and six (23%) were occupied by new
males. Among the 43 territories with marked
females, 16 were occupied by different females
during different years. One was occupied by three
different females in a 6-year period, and another
by four different females in an 8-year period.
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Among the 34 territories with marked males, 13
were occupied by different males in different
years; one was occupied by three males in an
8-year period.

To our knowledge, there are no published data
on Northern Goshawks for comparison with the
results of this study. Our data indicate that some
previous assumptions about mate fidelity need
re-examination, for instance statements by Jones
(1979) and Palmer (1988) that goshawks prob-
ably mate for life.

Site fidelity reported for the congeneric Eu-
ropean Sparrowhawk (Accipiter nisus) (Newton
and Wyllie 1992) was similar to that found in
our study in that about 70-75% of hawks found
in successive years were on the same territory.
Northern Goshawks on our study area retained
mates more frequently than European Sparrow-
hawks (Newton and Marquiss 1982), which might
be partially explained by a presumably higher
mortality rate among the smaller sparrowhawks.
Movements by male sparrowhawks were often
to a neighboring territory, whereas females typ-
ically moved further (Newton and Wyllie 1992).

Our data provide only a partial understanding
of tendencies and variation within the popula-
tion studied, despite a substantial sustained effort
in the field. Our experience indicates that ob-
taining complete demographic data for Northern
Goshawks will demand efforts far exceeding those
expended in the last 10 years on the Northern
Spotted Owl (Strix occidentalis caurina) (Thom-
as et al. 1990). Researchers contemplating mark-
ing studies of Northern Goshawks must be com-
mitted to intensive long-term efforts to obtain
adequate data.

ACKNOWLEDGMENTS

We gratefully acknowledge the contributions of B.
Allison, R. L. Anderson, L. Andrews, N. Arey, K. Aus-

STUDIES IN AVIAN BIOLOGY

NO. 16

tin, P. Bloom, C. Cheyne, B. Koerner, L. Krell, T. Sea-
ger, D. Selby, K. Toner-Phelps, G. Studinski, and the
dozens of volunteers who assisted in the field. We also
wish to recognize the support and cooperation of the
Goosenest RD, Klamath National Forest, the Mc-
Cloud RD, Shasta-Trinity National Forest; and the
Devil’s Garden RD, Modoc National Forest. We thank
B. Block, T. Erdman, and an anonymous reviewer for
constructive comments on the manuscript.

LITERATURE CITED

BLoowm, P. H. 1987. Capturing and handling raptors.
Pp. 99-123 in B. A. Pendleton, B. A. Milsap, K. W.
Kline, and D. M. Bird (eds.), Raptor management
techniques manual. Natl. Wildl. Fed. Sci. Tech. Ser.
No. 10.

BrLooMm, P. H., J. L. HENCKEL, E. H. HENCKEL, J. K.
ScaumuTtz, B. WOoODBRIDGE, J. R. Bryan, R. L.
ANDERSON, P. J. DETRICH, T. L. MAECHTLE, J. O.
McKINLEY, M. D. McCraRry, K. TiTus, AND P. F.
ScHEMPF. 1992. The dho-gaza with Great Horned
Owl lure: an analysis of its effectiveness in capturing
raptors. J. Raptor Res. 26:167-178.

JONEs, S. 1979. Habitat management theory for unique
or endangered species: the accipiters. USDI Bur. Land
Manage., Tech. Rep. No. 17, Tech. Note TN-335,
Denver, CO.

NEwTON, 1., AND M. MARrQuIss. 1982. Fidelity to
breeding area and mate in Sparrowhawks Accipiter
nisus. J. Animal Ecol. 51:327-341.

NEewToN, L., AND I. WYLLIE. 1992. Fidelity to nesting
territory among European Sparrowhawks in three
areas. J. Raptor Res. 26:108-114.

PALMER, R. S. 1988. Handbook of North American
birds. Vol. 4: Diurnal raptors. Yale Univ. Press, New
Haven, CT.

THoMmas, J. W., E. D. ForsMAN, J. B. LinT, E. C.
MesLow, B. R. NooN, AND J. VERNER. 1990. A
conservation strategy for the Northern Spotted Owl.
U.S. Govt. Printing Office, Washington, D.C.

ZAR, J. H. 1984. Biostatistical analysis. Prentice-Hall,
Englewood Cliffs, NJ.



