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MOVEMENT AND HABITAT USE BY GREAT BASIN 
CANADA GOOSE BROODS 
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ROBERT G. ANTHONY, U.S. Fish and Wildlife Service, Oregon Cooperative Wildlife Research Unit, Oregon State University, 

Corvallis, OR 97331 
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Abstract: We studied movements and habitat use by radio-marked female Great Basin Canada geese (Branta 
canadensis moffiW) and their broods during rearing seasons of 1983 and 1984 on the Columbia River in 
south-central Washington. Adult female geese used a mean of 8.8 ± 4.4 (SD) km of the Columbia River to 
raise their broods to fledging. Mean home-range size was 983 ± 822 ha. Movement rates of broods were not 
significantly influenced by age of goslings or measured weather parameters, Broods were relatively inactive 
at night and most mobile during late-morning hours. Broods preferred riparian habitats within 5 m of the 
shoreline over aquatic habitats. A shoreline pasture grazed by cattle was an important foraging habitat to 
local broods but did not attract broods from surrounding areas. Broods appeared to be most susceptible to 
human disturbance during the first few weeks following hatching, but older broods were relatively tolerant 
of repeated human disturbance, 

Because of its importance as a game bird and 
aesthetic value to nonconsumptive users, Can­
ada geese have been studied extensively (Craven 
1981). However, there is little published data 
available on movement and habitat use by broods 
from hatching to fledging (Ball et al. 1981:17). 
Information on brood movements and habitat 
use during the rearing phase would aid in man­
agement of Canada geese (Ball et al. 1981:55). 
Attempts have been made to examine brood 
movement and habitat use by color marking 
goslings (Geis 1956, Culbertson et al. 1971, War­
hurst 1974) or equipping adults with neck bands 
(Martin 1964, Zicus 1981). Acquiring detailed 
information on brood movements and habitat 
use by these techniques can be difficult, because 
they require visual sightings of marked birds 
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when they exhibit extremely secretive behavior. 
Radio-telemetry techniques can be of great val­
ue in studying brood ecology because they allow 
relocation of marked individuals at any time. 
However, only l published study has used radio­
telemetry techniques on geese during the brood­
rearing period (Lebeda and Ratti 1983), but 
only 3 goslings were marked in that study. We 
present information on movements and habitat 
use by radio-marked adult female Great Basin 
Canada geese and their broods, 
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STUDY AREA 
The study was conducted from April to Sep­

tember 1983-84 on 88 km of the Columbia Riv­
er (Hanford Reach) that flows through and ad­
jacent to portions of the U.S. Department of 
Energy's Hanford Site in south-central Wash­
ington. This was the last free-flowing stretch of 
the Columbia River in the United States up­
stream from Bonneville Dam. Flow velocities 
for the Hanford Reach ranged from 0. 9 to 3.4 
m/second. The area was characterized by a 
semiarid climate (16 cm annu. precipitation) 
and steppe vegetation, sagebrush (Artemisia tri­
dentata)-grass (Daubenmire 1970). 

Twenty-one islands (range = 2.7-135.0 ha) 
occurred in the Hanford Reach. These islands 
were located a few to several hundred meters 
offshore and provided important nesting and 
brood-rearing habitat for geese. A few islands 
were nearly devoid of vegetation; however, most 
had low-growing shrub and herbaceous ground 
cover (Hanson and Eberhardt 1971, DeWaard 
1981). Most of the shoreline supported natural 
plant communities dominated by various species 
of forbs, grasses, and shrub willows (Salix spp.); 
trees were scarce. The only agricultural land 
that adjoined the river was a 4-km section of 
pasture, an orchard, and small grains on the 
eastern shoreline between Ringold Ranch and 
Richland. The pasture at Ringold Ranch had 
been used as a brood-rearing area for ~38 years. 

Public access by land was restricted on the 
southern and western shoreline of the river by 
the U.S. Department of Energy, which managed 
the Hanford Sit~. but most of the northern and 
eastern shoreline was open to the public. Public 
access was also prohibited on the northern 11 
islands and was not allowed on the southern 10 
islands during the goose-nesting season (Feb­
May). The entire Hanford Reach was open to 
boat traffic, but most boating activities occurred 
on the southern 30 km of the river from Ringold 
to Richland. A hatchery for anadromous fish was 
located immediately upstream from the pasture 
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at Ringold Ranch. In late May and early June 
a returning run of fish attracted fishermen, re­
sulting in increased boat and shoreline traffic 
near the pasture and some disturbance of resi­
dent broods. Comparatively, little human dis­
turbance of broods occurred north of Ringold. 

Approximately 200 pairs of geese nested on 
islands in the Hanford Reach from March to 
May (Fitzner and Rickard 1983). The local nest­
ing population of geese was increasing during 
the study period (L. E. Eberhardt, unpubl. data) 
following a decline from 250-300 nests in 
1953-58 (Hanson and Eberhardt 1971) to 100-
150 nests in the 1970's (DeWaard 1981, Fitzner 
and Rickard 1983). Hatching began in early 
April and extended through mid-May; goslings 
fledged approximately 65-70 days later (Yocom 
and Harris 1965). 

METHODS 
We surveyed islands on foot on the Hanford 

Reach for active nests weekly. We attempted to 
capture adult females at nests that contained 
pipping eggs, recently hatched young, or in a 
few instances, at nests that had eggs that were 
within a few days of pipping. Eggs near hatch­
ing were identified by nest initiation dates, egg 
flotation techniques (Westerkov 1950), and 
characteristic vocalizations emitted by young 
just prior to pipping (Collias and Jahn 1959). 
Adult female geese were very protective of their 
nests at this time; therefore, chances of desertion 
caused by trapping activities were lowest. Fe­
males were captured at their nests with a 3- x 
3-m monofilament drop-net suspended approx­
imately 1.2 m above the nest (Eberhardt et al. 
1986). The net was dropped remotely by a trig­
ger mechanism consisting of a toy rocket ignitor, 
radio receiver, and transmitter. Captured adults 
were fitted with a back-mounted transmitter 
(Dwyer 1972) weighing 40 g (approx 1% of 
body wt), a 6.5-cm plastic neck band, and a 
USFWS leg band. Some females were tran­
quilized with a 50:50 mixture by volume of 
ketamine hydrochloride (100 mg/cc) and xy­
lazine hydrochloride (20 mg/cc) immediately 
after capture (Smith et al. 1980) to reduce nest 
desertions resulting from capture. 

We relocated all radio-equipped adult birds 
with broods twice a week throughout the rearing 
season. Most locations were obtained from boats; 
fixed-wing aircraft were occasionally used when 
large or unusual movements were made by 
marked birds. Location error was minimal be-
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cause the marked adult and its brood could usu­
ally be observed once the goose's general loca­
tion was obtained. We plotted all locations on 
U.S. Geological Survey maps (scale 1:50,000) 
gridded with Universal Transverse Mercator 
Coordinates. 

We recorded movements and behaviors 
(Eberhardt et al. 1989b) of broods of radio­
equipped adults at 5-minute intervals for 3-8 
hours at random times during daylight hours in 
the 1984 field season. Broods were selected for 
intensive monitoring such that all age classes 
were sampled; however, within a given age class 
broods were randomly selected. A strip-chart 
recorder was used to document general activity 
levels of 2 radio-equipped adult females. 
Changes recorded in signal strength were used 
to indicate activity. 

During the 1984 rearing season, we system­
atically collected samples of terrestrial plants 

. that were consumed by broods. These samples 
were analyzed for total nitrogen content by stan­
dard Kjeldahl procedures. 
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Estimates of home-range size for broods were 
computed by the minimum convex polygon 
(Odum and Kuenzler 1955), elliptical (Jennrich 
and Turner 1969), and harmonic mean (Dixon 
and Chapman 1980) methods. Because locations 
obtained during intensive monitoring periods 
were autocorrelated (Swihart and Slade 1985), 
only 1 location from each of these periods, in 
addition to biweekly locations, were used in cal­
culation of home ranges. Home-range size es­
timates were compared using the Wilcoxon 
2-sample test for broods using areas receiving 
intense versus little human use and for broods 
using agricultural areas versus nonagricultural 
areas. 

We used multiple linear regression tech­
niques to examine the influence of environmen­
tal variables on distance moved by broods. En­
vironmental parameters used as independent 
variables included wind speed, barometric pres­
sure, temperature, relative humidity, precipi­
tation, and cloud cover. Hourly means for en­
vironmental parameters were obtained from a 
meteorological station located on the Hanford 
Site approximately 20 km from the center of 
the study area. 

We made 3 separate analyses of brood habitat 
preference: different physiographic features (is­
land shoreline, mainland shoreline, and water), 
areas with different potential for human distur­
bance (areas near and far from human habita-
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tion), and different vegetative features (agri­
cultural and nonagricultural). Habitat use was 
estimated by the proportion of telemetry fixes 
falling into a particular habitat category. Avail­
ability was estimated by the proportion of a 
particular habitat occurring within an individ­
ual brood's home range. To reduce the problem 
of autocorrelation between fixes taken during 
intensive observation periods and still obtain 
reasonable sample sizes, the predominant hab­
itat component used during each hour of ob­
servation was determined from 5-minute fixes 
and used in the analysis. Physiographic habitat 
preferences were evaluated by ranking usage 
and availability measurements (Johnson 1980). 
This method was selected because we were in­
terested in the relative importance of islands to 
broods and this method permits statistical com­
parisons among components. We used Wilcox­
on's signed-ranks test to test for preference or 
rejection of areas of different potential for hu­
man disturbance and areas of different vege­
tative components, because Johnson's (1980) 
method is inappropriate for analyses involving 
only 2 components_. 

The assumption of normality was examined 
with both plots of the data and Kolomogorov D 
or Shapiro-Wilk statistics (SAS Inst., Inc. 1985). 
Nonparametric tests were used when the as­
sumption of normality was rejected. 

RESULTS 
We captured and marked 41 adult female 

geese, 10 during 1983 and 31 in 1984. Only 15 
of these females fledged at least .a single gosling; 
the remaining females lost their entire brood (n 
= 12), deserted their brood as a result of our 
trapping activities (n = 7), or were not followed 
through the entire rearing season (n = 7). Anal­
ysis of gosling survival is presented in Eberhardt 
et al. (1989a). Desertion rates were not reduced 
(x• = 0.00, P = 1.00) by use of tranquilizers 
during capture; 17% of 18 tranquilized females 
and 17% of 23 nontranquilized females deserted 
·their nests. 

Movements 
Seventeen of 19 radio-equipped adult females 

that lost their broods due to trapping (n = 7) or 
unknown natural causes (n = 12) left the study 
area shortly after the end of the nesting season 
in late May. These birds were not relocated 
within 80 km of the study area during subse­
quent aerial searches. In addition, nearly all un-
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Table 1. Length of river used and home-range estimates for Canada goose broods on the Columbia River, south-Qlntral 
Washington, 1983-84. 

No. 
telocations 

U!ed lo · 
calculate River length Minimum area 

Brood no. home range (km) (ha) 

090 19 10.3 2,405 
157 23 ' 2.8 234 
186 43 10.5 436 
303 52 8.6 891 
311 . 20 5.0 388 
427 25 14.8 2,145 
495 26 18.1 1,782 
586 19 6.0 595 
599 19 4.9 278 
629 23 15.3 1,437 
651 23 10.0 611 
715 22 6.1 477 
728 21 6.8 592 
828 26 6.0 278 
855 21 6.5 489 

f ± SD 8.8 ± 4.4 869 ± 716 

marked adult geese that were not accompanied 
by broods also left the study area in late May. 
Two marked adult females that remained on 
the study area after losing their broods late in 
the rearing season presumably molted locally. 
Band recoveries during fall and winter follow­
ing marking were obtained for 6 of the 17 un­
successful birds that left the study area (1 from 
Alta., 1 from B.C., 2 from Mont., 1 from north­
ern Wash., and l local). Of the 5 adult females 
for which first-year band returns were obtained 
from distant areas, 2 had actually lost their broods 
and 3 deserted their brood or nest as a result of 
trapping efforts. 

Radio-marked Canada geese used from 2.8 
to 18.1 km of the Columbia River (Table 1) to 
raise their broods to fledging (f = 8.8 ± 4.4, n 
= 15). The relatively swift flow (approx 1-3 
m/sec) of the Columbia River did not restrict 
brood movements to a downstream direction 
during our study. 

Mobility of goose broods did not change sig­
nificantly (Kruskal-Wallis, P = 0.15) with gos­
ling age until they fledged (Fig. 1). However, 
broods that fledged and were flying to nearby 
fields to feed appeared to be less mobile while 
on the river than prior to fledging (Fig. 1). 

Broods were relatively inactive during the 
night, based on strip-chart da.ta for 2 adult fe­
males with broods (Fig. 2) and nocturnal radio 
tracking. Based on distance moved/30 minutes 
(Fig. 3), gosling movement rates increased dur-
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Home-range estimation technique 

Harmonic 
mean (ha) 

95" Cl ellipoe 
(ha) 75" 95" 

4,146 2,830 5,367 
471 336 678 
387 1,291 3,657 
764 989 2,246 
478 290 700 

5,833 1,475 2,853 
2,803 2,809 5,608 
1,491 633 1,137 

479 362 790 
4,851 768 1,538 

898 634 1,217 
987 601 963 

1,378 528 l,Oll 
670 3~ 449 

1,105 613 948 
1,728 ± 1,812 983 ± 822 1,939 ± 1,687 

ing morning hours, reached a peak at midday, 
and gradually decreased in the afternoon and 
evening. Diurnal activity levels as determined 
by distance moved/time period and strip-chart 
recordings of changes in signal strength did not 
correspond. Broods were most mobile during 
late morning hours based on distance moved, 
which was when strip-chart recordings indicat­
ed that broods were least active. This apparent 
discrepancy probably reflected differences in the 
type of activity actually being measured by the 
2 techniques. Changes in signal strength only 
reflected changes in radio orientation, and 
therefore, the strip-chart recorded all types of 
goose activity. 

No difference (t = 0.38, P = 0.71) was de­
tected in mean movement rates of broods using 
the lower 30-km segment of the Columbia River 
(Fig. 1), where human use was high, compared 
to the upper 58 km of the river, where human 
activities were infrequent. Multiple linear re­
gression of environmental parameters and time 
of day on distance moved by broods/hour was 
not significant (P = 0.15, r• = 0.06). 

Home-Range Size 
Estimates of home-range size (including length 

of river used) obtained from various estimation 
techniques (Table 1) were significantly and pos­
itively correlated with each other (Spearman 
rank correlation, r range = 0.46-0.85, P range 
= <0.01-0.08), but generally not with sample 

. : .. ~ . 
.. ·.• : .. 

. . . · ,· 

:-: ~ . 
·.· :-- . . 

.. . 
. . ' ~.-· ...... /· . 

. . : -. 

:, , ' 
· .. ,· 

'· :, '. 

.. .. .. 

.· . 
•. 

' ' ~ . . 

.·.·. ,•',, . ' ,,: 

· .... .. 



: ·· .. 

744 BROOD MOVEMENT AND HABITAT USE• Eberhardt et al. J. Wildt. Manage. 53(3):1989 

s 200 

E 

I I I I lj 0 

! 150 

I · I 0 ., 
> 100 0 MEAN 

r 
a ., 

SE I u z 50 
C .. ., 
i5 

0 +--r----r--,r--r---r--.--,--.---.-'--r---r--..~ 
0 1 2 3 , 5 6 7 8 9 10 11 12 

BAOOO AGE(WEEKS) 

Flg. 1. Relationship between mean distance moved and age 
for Canada goose broods In souttH:entral Washington, 1983-
84. 

sizes (r range = -0.15-0.46, P range = 0.09-
0. 77). The bivariate normal distribution did not 
appear to St the observed distribution of loca­
tions for 13 of 15 monitored broods (P < 0.10) 
based on the Cramer-von Mises statistic (Samuel 
and Garton 1985). Therefore, the 95% confi­
dence interval ellipse (Table 1) was probably 
not an appropriate home-range estimator (Sam­
uel and Garton 1985). Mean home-range sizes 
for minimum convex polygon and harmonic 
mean (75%) estimators were similar (Table 1) 
but varied substantially among broods, with the 
largest home range being approximately 10 x 
larger than the smallest. Home-range size for 
broods (n = 3) that used agricultural areas ex­
clusively did not differ from those (n = 10) using 
natural rearing areas (river length, P = 0.35; 
min. area, P = 0.50; 75% harmonic mean, P = 

0.27). Nor was there a difference in home-range 
size (min. area, P = 0.08; river length, P = 0.39; 
75% harmonic mean, P = 0.23) for broods (n = 
9) residing on the lower river where the level 
of human activity was high compared to broods 
(n = 5) on the upper river where human activity 
was low. 

Habitat Use 

Most geese used well-defined areas to raise 
their broods; however, some moved frequently 
and identification of specific rearing areas for 
these broods was difficult. Brood-rearing areas 
occurred throughout the study area and includ­
ed islands, pasture, secluded side channels, main 
river channel, a 24-ha pond approximately 0.5 
km from the river, and a ring-billed gull (Larus 
delawarensis) colony. Vegetation height in rear­
ing areas ranged from 4 cm (gull colony) to > 1 
m (reed canary grass [Phalaris arundtnacea]). 
Maximum number of broods observed in a sin-
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gle rearing area was 18 at the Ringold pasture. 
Generally, there were 8-10 broods 

0

in each of 
the more intensively used rearing areas, and 
broods used from 1 to 4 rearing areas (mode = 
1, median = 2.5) prior to fl.edging. The first 
rearing area used by ~ost broods (10 of 15) was 
in the immediate vicinity of the nest, although 
some broods moved up to 13.0 km to reach the 
first intensively used area. There appeared to be 
fewer suitable rearing areas in the upper 58 km 
than in the lower 30 km of the river. Four of 5 
broods that fl.edged in the upper stretch and only 
1 of 10 in the lower stretch moved > 1 km to 
their first intensively used rearing area following 
hatching. 

Broods used riparian habitats more frequent­
ly than aquatic habitats (78% of 3,073 locations). 
The river was used by broods primarily as an 
escape route when disturbed and for moving to 
new riparian feeding sites. Most terrestrial lo­
cations (66.7%) of broods were within 5 m of 
water; only 7% were farther than 50 m from 
water. Intensive use of habitat immediately near 
the shoreline by broods was probably due to the 
lush forage near the waterline and presence of 
predators. Coyotes (Canis latrans), the most 
common predator on nesting geese in the study 
area (Hanson and Eberhardt 1971), were ob­
served attempting to capture goslings ;ilong the 
mainland shoreline. Fifty-seven percent of lo­
cations of broods on islands (n = 1,302) were 
>5 m from the shoreline, and only 43% of lo­
cations of broods on the mainland (n = 1,252) 
were >5 m from the shoreline; these differences 
were significant (x1 = 7.9, P = 0.005). Evidence 
of coyotes was present on only 4 of the larger 
islands in the study area. 

Amount of time goslings spent in water varied 
significantly with age (x2 = 150.9, P < 0.001). 
Greatest deviations between observed and ex­
pected frequencies in this analysis were for gos­
lings < 1 week old, which spent considerably 
less time in water than expected, and 9-week­
old goslings, which spent more time in water 
than expected. 

There was a significant difference (P = 119.4, 
P < 0.01) in the use of major physiographic 
features (e.g., islands, mainland, and water) by 
goose broods. Shoreline habitat of islands was 
preferred and water was avoided based on mul­
tiple comparison tests (P = 0.05). 

Eight broods residing in the lower stretch of 
the river had access to shoreline areas within 
their home ranges that were adjacent to human 
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Fig. 2. Twenty-four-hour activity pattern of 2 adult female Canada geese with broods based on recorded changes in radio-
transmitter signal strength, south-central Washington, 1984. Data are presented as percent of monitored hours that females 
were active when their broods were between 1 and 9 weeks old. 

habitation. These broods showed a significant 
avoidance of such areas (P = 0.02) and concen­
trated their activities in portions of their home 
ranges that were comparatively free from hu-
man disturbance. · 

Six broods that fledged young and had access 
to agricultural lands (primarily the pasture at 
Ringold) within their home ranges showed a 
clear preference (P < 0.05) for those habitats. 
Mean percentage of this habitat in the terrestrial 
component of these broods' home ranges was 
2.4%. The Ringold pasture was fertilized reg­
ularly and the level of crude protein content in 
pasture grasses (21.0 ± 3.7 [f ± 95% Cl1 n = 
7) was significantly higher (t = 3.42, P = 0.007) 
than in forage species used by broods in other 
areas on the study site (13.7 ± 2.0, n = 24). 

The pasture at Ringold, which received heavy 
use by local broods, did not appear to attract 
broods from surrounding areas, based on move­
ment of marked adults with broods and total 
number of broods present in the vicinity of the 
pasture. Only 2 of 23 radio-equipped adult fe- · 
males that hatched young on islands outside the 
immediate vicinity (>3 km) of the pasture 
moved their broods there. These broods moved 
from islands located 5 and 11 km distant. Nei-
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ther of the~ movements was excessive when 
compared to mean river distance used by broods 
prior to fledging (f = 8.8 km) (Table 1). In 
addition, the maximum number of broods pres­
ent (n = 18) in the vicinity of the pasture was 
considerably less (35.5 and 56.3% in 1983 and 
1984, respectively) than that known to have 
hatched on adjacent islands, which also indicates 
that the pasture did not attract broods from 
more distant nesting areas. 

Distance between the pasture and nesting 
habitat does not appear to be a significant factor 
in limiting pasture use because only 16.7% of 
broods in 1983 and 30.5% in 1984 hatched with­
in 8.8 km (f river distance used to raise broods 
to fledging) of the pasture were actually ob­
served in the vicinity of the pasture. 

Human Disturbance 
Broods avoided areas of human habitation in 

their home ranges; this was particularly true 
during the first few weeks following hatching, 
when broods appeared to be most sensitive to 
human disturbance. Typical response of adults 
and young goslings if approached from the water 
was to run inland and hide in the vegetation. 

Drive-trapping of radio-marked adult fe-
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Fig. 3. Olurnaf"actlvlty patterns of Canada goose broods ( <9 
weeks old) based on mean distance moved/30 minutes, south­
central Washington, 1984. 

males and their broods between the ages of 6 
and 10 weeks did not appear to influence sub­
sequent movements or integrity of these birds. 
Of 15 attempts to capture radio-marked adults 
and their broods (Eberhardt 1987), only 1 re­
sulted in an unusual movement following cap­
ture attempts. This particular adult female and 
brood, which had a history of extensive move­
ments, moved 6.2 km upstream following the 
second capture attempt in 5 days. Drive-trap­
ping did not affect brood integrity based on 
changes in brood size following capture at­
tempts, despite the fact that broods were often 
separated during drives. Of 7 broods that were 
disturbed by capture attempts and for which 
subsequent brood counts were available, only 1 
changed in size (increased by l} following cap­
ture. Three unsuccessful attempts were made to 
capture 1 adult female and her brood over a 10-
day period with no apparent effect on the brood's 
integrity. 

DISCUSSION AND MANAGEMENT 
IMPLICATIONS 

Movements 
First-year band recoveries in Canada and 

northern United States from marked females 
that lost their broods on our study area indicated 
that at least some of the unsuccessful geese prob­
ably joined a northern· molt migration by sub­
adults and unsuccessful nesters (Krohn and Bi­
zeau 1980:21, Ball et al. 1981:46). This is the 
first reported evidence of a molt migration in 
the west by adult Great Basin Canada geese that 
have lost their broods, although Zicus (1981) 
noted similar movements in the midwest by the 
same (Palmer 1976) or a closely related subspe­
cies, the giant Canada geese (B. c. maxima). 
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Hanson and Eberhardt (1971:31) suggested that 
large numbers of subadults and unsuccessful 
breeding adults molted in the northern portion 
of our study area; however, we did not observe 
such concentrations. 

The amount of river used by broods during 
this study was on the same order of magnitude 
as the area used by color-marked Great Basin 
Canada geese with broods in other locations (Geis 
1956, Martin 1964:23) and for other subspecies 
of Canada geese (Warhurst 1974:56-57, Zicus 
1981, Lebeda and Ratti 1983}. 

Because of physical size differences between 
1- and 9-week-old goslings, we found it sur­
prising that movement rates did not vary sig­
nificantly with age. One possible explanation for 
this is that several species of waterfowl have 
evolved the capability to move extensive dis­
tances at an early age to reach suitable rearing 
habitat (Bellrose 1980:241, 273, 300). However, 
high movement rates of young goslings during 
our study did not appear to be related to the 
necessity of reaching adequate rearing areas, 
because the first rearing area used by most broods 
was in the immediate vicinity of their nests. 

Habitat Use 

We observed that goslings <l week old spent 
less time in water compared to older goslings. 
Joyner (1977) noted that downy ruddy duck­
lings ( Oxyura jamaicensis) responded to chill­
ing by leaving the water. Probably, the rela­
tively cold temperatures of the Columbia River 
(7 C}, the early stage of plumage development, 
and perhaps an incomplete development of 
thermoregulation capability were contributing 
factors to the relatively short periods of time 
young goslings spent in the water. Why 9-week­
old goslings spent more time in the water than 
expected is unknown, but these goslings were at 
or near fledging, a time when many behavioral 
changes occurred (Eberhardt et al. 1989b). 

Canada geese used a wide variety of habitats 
to raise their broods to fledging. Desirable char­
acteristics of brood-rearing areas include gently 
sloping shorelines, freedom from human dis­
turbance, abundant foods, and a location in 
proximity to nesting sites (Hanson and Eber­
hardt 1971:30). Because broods were seldom 
found more than a few meters from water dur­
ing our study, a maximum shoreline: water in­
terface is an additional desirable characteristic 
of rearing areas. 
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' · One of the few management techniques used 
for geese during brood rearing is the provision 
of irrigated pastures for foraging (Ball et al. 
1981:55). The pasture on our study area was a 
preferred foraging site for nearby resident geese. 
Broods using the pasture spent nearly twice as 
much time feeding when they were in the pas­
ture compared to when they were in nonpasture 
habitats (Eberhardt et al. 1989b), probably be­
cause of high quality pasture forage. Despite 
this, the pasture did not appear to attract adult 
females and broods from distant areas. Limited 
attraction of Ringold pasture to nonresident 
broods indicates that distance between the pas­
ture and other nesting islands precluded signif­
icant brood movement, densities of broods at 
the pasture were at or near carrying capacity 
for the area, social factors prevented nonresi­
dent geese from using the pasture, there were 
sufficient brood-rearing areas of adequate qual­
ity available to geese elsewhere on the Hanford 
Reach, or a combination of the above factors. 

Up to 18 broods were observed in the vicinity 
of the pasture. Whether this number reflects an 
upper limit for carrying capacity of this area is 
unknown. These broods used an area of ap­
proximately 4 km•, which represents a density 
less than that observed under other natural and 
refuge conditions (Warhurst et al. 1983:1122). 

Canada geese demonstrate a propensity to 
nest and raise their broods in the same areas 
where they were hatched and raised (Sherwood 
1967). Fidelity to natal rearing areas may have 
restricted pasture use on our study area. There 
were numerous other intensively used rearing 
areas on the Hanford Reach. Whether these areas 
were of comparable quality to the pasture as 
rearing sites is unclear; however, concentration 
of feeding activities in the pasture by resident 
broods and high protein content of pasture for­
age indicate a high quality habitat. Over all 
foraging times, however, for broods using the 
pasture and broods residing in nonpasture areas 
were identical; both spent approximately 52% 
of their time foraging (Eberhardt et al. 1989b). 
Quality of the pasture as a rearing area may 
have been reduced by temporary, heavy fishing 
pressure in late May and early June near the 
adjacent fish hatchery. Of 7 resident radio­
marked females with broods approximately 4-
5 weeks old, 4 moved away when human activ­
ity increased; 3 of these broods did not return 
following a decline in fishing activities in mid-

· .. , ....... ·· .. . 
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June. There was not, however, a noticeable de­
crease in total number of broods in the Ringold 
area in response to fishing, but only a general, 
temporary decrease in pasture use. Many broods 
appeared to acclimate to the heavy boat traffic 
and continued to use the pasture. 

Impact of human disturbance on goose broods 
has been reported to range from little (Geis 1956) 
to one of the more frequent sources of mortality 
(Hanson and Eberhardt 1971:31). During our 
study, broods avoided areas of human habitation 
within their home ranges, particulary during the 
first few weeks following hatching. However, 
the presence of goose broods in many metro­
politan parks, occasionally at nuisance densities, 
indicates that goose broods can tolerate a fair 
amount of human disturbance. 

LITERATURE CITED 

BALL, I. J., E. L. BoWHAY, AND C. F. YOCOM. 1981. 
Ecology and management of the western Canada 
goose in Washington. Wash. Dep. Game Biol. 
Bull. 17, Olympia. 67pp. 

BELLROSE, F. C. 1980. Ducks, geese, and swans of 
North America. Third ed. Stackpole Books, Har-
risburg, Pa. 540pp. . 

COLLIAS, N. E., AND L. R. JAHN. 1959. Social be­
havior and breeding success in Canada geese 
(Bran ta canadensis) confined under semi-natu­
ral conditions. Auk 76:478-509. 

CRAVEN, S. R. 1981. The Canada goose (Branta 
canadensis)-an annotated bibliography. U.S. 
Fish Wildt. Serv. Spec. Sci. Rep. Wildt. 231. 66pp. 

CULBERTSON, J. L., L. L. CADWELL, AND I. 0 . Buss. 
1971. Nesting and movements of Canada geese 
on the Snake River in Washington. Condor 73: 
230-236. 

DAUBENMII\E, R. 1970. Steppe vegetation of Wash­
ington. Wash. Agric. Exp. Stn. Tech. Bull. 62. 
Washington State Univ., Pullman. 13lpp. 

DEWAARD, B. K. 1981. Reproduction and ecology 
of Canada geese on the Hanford Reservation, 
1953-1980. M.S. Thesis, Washington State Univ., 
Pullman. 87pp. 

DIXON, K. R., AND J. A. CHAPMAN. 1980. Harmonic 
mean measure of animal activity areas. Ecology 
61 :1040-1044. 

DWYER, T. J. 1972. An adjustable radio-package for 
ducks. Bird-Banding 43:282-284. 

EBERHARDT, L. E. 1987. Ecology of Great Basin 
Canada goose broods in southcentral Washing­
ton. Ph.D Thesis, Oregon State Univ., Corvallis. 
93pp. 

---, R. G. ANTHONY, AND W. H. RICKARD. 1989a. 
Survival of juvenile Canada geese during the 
rearing period. J. Wild!. Manage. 53:372-377. 

--, I. J. BALL, AND R. G. ANTHONY. 1986. 
Method for live-capturing adult Canada geese 
on their nests. U.S. Fish Wild!. Serv. Res. Info. 
Bull. 86-33. 2pp. 

. . {. ' ....... 

. .... · .:··:· . 
. . : ' 

· ;-. .. '· : .. ~ 

':· 
', . 

' . . •, ' ' 

.· . .-.,.- ·. 

/ ,' . 
. . .. 

' . .. . . 
. ·· .. . 

• ~ l 



748 BROOD MOVEMENT AND HABITAT USE. Eberhardt et al. J. Wild!. Manage. 53(3):1989 

- ,--, G: G. BooKS, R. G. ANTHONY, AND W. H. 
RICKARD. 1989b. Activity budgets of Canada 
geese during brood rearing. Auk 106:218-224. 

EISENHAUER, D. I., AND C. M. KIRKPATRICK. 1977. 
Ecology of the emperor goose in Alaska. WildL 
Monogr. 57. 62pp. 

FITZNER, R. E. , AND W. H. RICKARD. 1983. Canada 
goose nesting performance along the Hanford 
Reach of the Columbia River, 1971-1981. North-
west Sci. 57:267-272. · 

GEIS, M. B. 1956. Productivity of Canada geese in 
the Flathead Valley, Montana. J. Wildt. Manage. 
20:409-419. 

HANSON, W. C., AND L. L. EBERHARDT. 1971. A 
Columbia River Canada goose population, 1950--
1970. Wildt. Monogr. 28. 6lpp. 

JENNRICH, R. I., AND F. B. TURNER. 1969. Mea­
surement of non-circular home range. J. Theoret. 
Biol. 22:227-237. 

JOHNSON, D. H. 1980. The comparison of usage 
and availability measurements for evaluating re­
source preference. Ecology 61:65-71. 

-JOYNER, D. E. 1977. Behavior of ruddy duck broods 
in Utah. Auk 94:343--349. 

KROHN, W. B., AND E. G. BtZEAU. 1980. The Rocky 
Mountain population of the western Canada 
goose: its distribution, habitats, and manage­
ment. U.S. Fish Wildt. Serv. Sci. Rep. 229. 93pp. 

LEBEDA, C. S., AND J. T. RATTI. 1983. Reproductive 
biology of Vancouver Canada geese on Admi­
ralty Island, Alaska. J. Wildt. Manage. 47:297-
306. 

MARTIN, F . W. 1964. Behavior and survival of Can­
ada geese in Utah. Ut. Dep. Fish Game Info. 
Bull. 64-7. 89pp. 

ODUM, E. P., AND -E. J. KuENZLER. 1955. Mea­
surement of territory and home range size in 
birds. Auk 72:128-137. 

l ... • . • 
. .. ' . . •,· .. .. ·. . • : ' . . 

·., • • . 
, ; , . 

PALMER, R. S., editor. 1976. Handbook of North 
American birds. Vol. 2. Yale Univ. Press, New 
Haven, Conn. 52lpp. 

SAMUEL, M. D., AND E. 0 . GARTON. 1985. Home 
range: a weighted normal estimate and tests of 
underlying assumptions. J. Wildt. Manage. 49: 
513-519. 

SAS INSTITUTE, INC. 1985. SAS user's guide, version 
5. SAS Inst., Inc., Cary, N.C. 1290pp. 

SHERWOOD, G. A. 1967. Behavior of family groups 
of Canada geese. Trans. North Am. Wildt. Nat. 
Resour. Con£. 32:340--355. 

SMITH, L. M., J. W. HUPP, AND J. T. RATTI. 1980. 
Reducing abandonment .of nest-trapped gray 
partridge with methoxyflurane. J. Wildt. M_an­
age. 44:690--691. 

SWIHART, R. K., AND N. S. SLADE. 1985. Influence 
of sampling interval on estimates of home-range 
size. J. Wildt. Manage. 49:1019- 1025. 

WARHURST, R. A. 1974. Characteristics of giant 
Canada goose gang broods near southwestern 
Lake Erie. M.S. Thesis, Ohio State Univ., Colum­
bus. 133pp. 

---, T. A. BooKHOUT, AND K. E. BEDNARIK. 1983. 
Effect of gang brooding on survival of Canada 
goose goslings. J. Wildt. Manage. 47:1119-1124. 

WESTERKOV, K. 1950. Methods for determining the 
age of game bird eggs. J. Wildt. Manage. 14:56-
67. 

YOCOM, C. F., ANDS. W. HARRIS. 1965. Plumage 
descriptions and age data for Canada goose gos­
lings. J. Wildt. Manage. 29:874-877. 

Z1cus, M. C. 1981. Canada goose brood behavior 
and survival estimates at Crex Meadows, Wis­

.consin. Wilson Bull. 93:207-217. 

Received 4 January 1988. 
Accepted 19 January 1989. 

I 

r 
j ,., 

'r 
I. . 
\ , 
• t' 

.\ 

. ,·· ,: / .... •.: .: .·. 
· · .'; ,· 

., · .... .... ... · ,· .· •: .. ·:·· ·.· .. : ' •, :• 
•, . : ' . . . .. : .. ~ 

:,:~ . . 
· , .. . ,.·•: · . . :' :, .. . 

. ... . .. • :_ .. 

·. '· .· ,1 .. . :• 
... . .. 

• I ,' 

1 ,' • I 

•, ' ' 

I ••:• • 

\ ' 

I ,: • • 


