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Abstract: We studied the foraging ecology of sympatric cackling Canada (Branta canadensis minima) and Ross’ (Chen
rossii) geese ata spring staging area in northeastern California. Cacklingand Ross’ goose resource use patterns diverged
as spring progressed and nutrient demands increased. Both species switched from feeding primarily in grain fields during
early March to feeding primarily in alfalfa during April. When not feeding in alfalfa, Ross’ geese spent more time in wet
meadow while cackling geese spent more time in pasture. Cackling geese spent about 65% of their time actively foraging
when in alfalfa, pasture, wet meadow, or winter wheat fields. Peck and step rates were faster in habitats with short, dense
swards (e.g., winter wheat and pasture). Thus, geese responded to habitat characteristics primarily by modifying feeding
rate rather than by changing the proportion of time spent feeding. Cackling geese >4 years old spent more time foraging
during mid-day than did younger geese; this may result in higher daily intake rates for older cackling geese. We observed
only 6 mated pairs of cackling geese regularly associated and we never observed paired geese with their juveniles. Unlike
geese which maintain associations with their mates during winter, paired and unpaired cackling geese did not show sex
differences in theirtime budgets. We suggest the determinants of cackling goose social organizationinclude: (1) predation
pressure and other forms of disturbance, (2) population density on primarily a local scale, (3) digestive capabilities relative
to metabolic requirements, (4) the distribution, abundance, and predictability of preferred foods, and (5) the response of
food plants to being eaten.
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oraging decisions made by arctic-nesting
F geese during late winter and spring influ-
ence potential reproductive success
through their affect on nutrient reserve acquisition
(Ankney and MacInnes 1978, Raveling 1979, Tho-
mas 1983, Ebbinge 1989, Black et al. 1991, Prop and
Deerenberg 1991). Arctic-nesting geese gain weight
during spring by feeding intensively and for longer
periods than in winter, and by selecting habitats and
plants high in protein (e.g., new growth of grasses)
and perhaps energy (e.g., seeds) (Owen 1971, Ravel-
ing 1979, Prins et al. 1980, McLandress and Raveling
19814, Teunissen et al. 1985, Alisauskas 1988,
Alisauskas and Ankney 1992, McWilliams 1993).
Inter- and intraspecific interactions can directly
influence whether preferred habitats are used and
whether food resources are acquired efficiently. In-

terspecific competition can affect the distribution
and habitat use of geese (Madsen 1985, Madsen and
Mortensen 1987). Dominance relations within a
species can also affect resource acquisition. In large-
bodied geese, individuals thatremain associated with
their mate and juveniles are socially dominant over
smaller families, pairs, and solitary geese (Boyd 1953,
Raveling 1970, Lamprecht 1986, Gregoire and Ankney
1990). Dominance often translates into better feed-
ing opportunities during the nonbreeding period
(Boyd 1953; Hanson 1953; Raveling 1970; Black and
Owen 1989aq, b).

We studied cackling and Ross’ goose foraging
béhavior and habitat use during March and April,
1989 and 1990, in Big Valley, California. Cackling
and Ross’ geese are small (ca. 1.2-2.1 kg) and feed
primarily by grazing, especially during spring
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(Johnson and Raveling 1988). Both cackling and
Ross’ geese commonly feed in mixed species flocks of
300-4,000 birds in Big Valley. In this paper, we
document habitat use of cackling and Ross’ geese in
Big Valley and examine the degree to which these 2
goose species overlap in their habitat use, and how
habitat use changes during March and April for each
species. We also investigated the foraging behavior
of these geese in the most commonly used habitats.
Our study is the first to document the foraging
behavior and habitat use of these 2 species during
spring and the degree to which cackling and Ross’
geese interact during this important time.

Cackling goose social organization during the
nonbreeding period is atypical compared with other
geese. Based on studies with marked individuals,
other geese maintain family groups during most of
the nonbreeding period (Owen 1980, Johnson and
Raveling 1988, Black and Owen 19894, Owen and
Black 1990). In contrast, cackling geese exhibit weak
pair and family associations on their wintering
grounds, and occur commonly in exceptionally dense
flocks during the nonbreeding period (Johnson and
Raveling 1988).

Our second major objective was to investigate
whether cackling geese exhibit sex, age, and status
(paired vs. unpaired) differences in their foraging
and aggressive behavior. In large-bodied geese that
exhibit a family-based social organization, males are
more aggressive and vigilant than females and juve-
niles resulting in sex- and age-related differences in
time budgets (Raveling 1969, 1970, 1981; Black and
Owen 19894, b; Austin 1990; Gregoire and Ankney
1990). We expected no age and sex differences in
time budgets of cackling geese because they lack the
family- and often the pair-based social organization
characteristic of other geese. We expected the few
paired cackling geese we observed to show the tradi-
tional male /female differences in time budgets seen
in most other geese.

We acknowledge the field assistance of L.
Barthman, B. Duel, J. Dunn, P. Raftery, ]. Weldon, D.
Yparraguirre, and M. Yurdana. J. Taylor of the
California Department of Fish and Game (CDFG)
provided access to Ash Creek Wildlife Area and
storage and living space. The following landowners
allowed access to their property: the Gerig family, L.
and D. Hawkins, H. Hayes, K. Hole, P. Wetski, C.
Babcock, and the McArthur family. Trapping and
marking of cackling geese was coordinated in Alaska
by D. V. Derksen, R. J. King, and M. R. Petersen of
the U.S. Fish and Wildlife Service, and in California
by D.P. Connelly and W. C. Reinecker (CDFG).
Trapping and marking of Ross’ geese was coordi-
nated by R. H. Kerbes and the Canadian Wildlife
Service. N. Willits and J. Dykes generously provided
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statistical consultation. T., R., and C. McWilliams
provided enthusiastic support. ]. Dunn, C. Ely, D.
Lott, R. Rockwell, M. D.Samuel, J. Sedinger, ]. Silveira,
T. Sloat, C. Toft, and 3 anonymous reviewers pro-
vided helpful comments on earlier versions of the
manuscript. CDFG and the Agriculture Experiment
Station of the University of California at Davis prima-
rily funded this research.

METHODS

Study Area

Between Februaryand late April, a portion of the
cackling and Ross’ goose population inhabits inter-
mountain valleys in northeastern California (Johnson
and Raveling 1988). We selected 1 of these valleys,
Big Valley (41° 08' N, 121° 04' W), for this study
because: (1) a large proportion (up to 75%) of the
cackling goose population has used this area in some
years, (2) the valley contains a variety of habitats,
including wetlands containing mostly native flora
(see below), and (3) mixed cackling/Ross’ goose
flocks occur commonly. During our study, cackling
and Ross’ goose populations in Big Valley peaked
between mid-March and early April at about 6,000
and 10,000 geese, respectively.

Fieldsin the studyareawere categorized into 1 of
6 habitat types: pasture, alfalfa, pasture /alfalfa mix,
wetmeadow, winter wheat, or standing grain (usually
wheat or barley planted the previous spring). The
pasture component of the alfalfa/pasture mix fields
was composed almost entirely of bluegrass (Poa annua
and Poa bulbosa). In contrast, pasture fields included
Poa spp., but also contained foxtail fescue (Festuca
pratensis), foxtail (Alopecurus spp.), Mediterranean
barley (Hordeum hystrix), Bromus spp., and reed
canarygrass (Phalaris arundinacea). Wet meadow
habitats were dominated by sedges (Carex spp.),
common tule (Scirpus acutus), rushes (Juncus spp.),
and a mix of grasses, spikerush (Eleocharis palustris),
clover ( Trifoliumspp.), and cinquefoil (Potentilla gra-
cilis).

Habitat Use

In 1989 and 1990, the first cackling and Ross’
geese arrived in Big Valley in early February (].
Weldon, Adin, Cal., pers. commun.). We monitored
geese beginning 1 March in both years, about 1 week
after >1,000 Ross’ or cackling geese were counted in
Big Valley. We continued monitoring goose flocks in
Big Valley until the geese departed. In 1989 and
1990, Ross’ geese left Big Valley in mid-April, and the
last cackling geese left 1-3 May.
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Almost daily, 2 or 3 persons located and followed
separate flocks of geese from dawn until dusk. We
recorded the number of geese using a field and the
time the geese spent on that field. When geese were
less predictable in their habitat use, we spot-checked
locations instead of following individual flocks.

We estimated habitat use by calculating the total
and the percentage of total goose-hours spent in
each habitat type each day, with 1 goose-hour equal
to 1 goose using a field for 1 hr. Daily habitat use was
calculated separately for the following intervals: 1-10
March, 12-25 March, 27 March-10 April, and 12-26
April. A day was included in the calculations only
when: (1) we recorded goose use for the entire
daylight period, (2) we knew where at least 70% of
the geese in Big Valley were every hr of the day, (3)
>1,000 cackling or Ross’ geese were in Big Valley, and
(4) geese roosted during mid-day. We were able to
accurately estimate goose populations in Big Valley
because all geese used a limited number of day roost
sites. Because geese roosted during mid-day only on
fair weather days (i.e., no precipitation or strong
winds), our analysis does not consider habitat use
during poor weather.

Foraging Behavior

Plastic neck bands on geese thatwe observed had
been placed on cackling geese between 1982 and
1989 (Raveling etal. 1990) and on Ross’ geese during
1989, except 1 Ross’ goose that was neck-banded by
M. R. McLandress in 1976. We performed focal
observations (Altmann 1974) on neck-banded indi-
viduals that were feeding. Each time a goose flock
was encountered we attempted to record focal obser-
vations on all neck-banded individuals. Consequently,
focal birds were chosen consecutivelyuntilall banded
birds had been observed. Usually only 1 focal obser-
vation per bird was recorded within amorning (0500-
1000 hr), mid-day (1100-1500 hr), or evening (1600-
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2000 hr) time period. We calculated an average time
budget for individuals with more than 1 focal obser-
vation on the same day and time period. Focal
observations were stopped after 10 min of continu-
ous recording or when we lost sight of the bird. Each
time a focal observation was recorded we also noted
the extent of cloud cover, temperature and precipi-
tation, time of day, date, location, and neck-band
code.

A portable computer or tape recorder was used
to record the types of behavior (Table 1), behavioral
transitions, and the time each transition occurred.
We then calculated the duration and frequency of
each behavior, along with peck rates and step rates.
Because geese pecked and stepped faster than we
could type, we recorded the number of sec that
elapsed for 25 pecks or 10 steps. We then converted
these values to number of pecks or steps per min
prior to statistical analysis. Peck and step rates were
counted only when they occurred within an uninter-
rupted foraging (Table 1) period. Sample sizes for
peck and step rates were larger than for time budget
analyses because we often recorded peck and step
rates on unbanded geese or on neck-banded geese
without attempting a complete 10-min focal observa-
tion.

Statistical Analysis

We used a repeated measures ANOVA (Neter et
al. 1985) to analyze seasonal and annual changes in
habitat use of Ross” and cackling geese because we
were measuring habitat use of basically the same
population of geese over time. The dependent
variable for this analysis was the number of goose-
hours per day. The independent factors included
goose species and habitat type (grain, wet meadow,
pasture, alfalfa). The repeated measure for this
analysis was the time interval during spring (3 inter-
valsin 1989 and 4in 1990). We used days within each

Table 1. Behavioral components measured for time budgets of cackling and Ross’ geese during March and

April, 1989 and 1990, in Big Valley, Calif.

Activity Definition

Foraging Head and neck below the horizontal plane of the goose's back; includes pecking at food or
stepping.

Walking Head and neck above plane of back; forward movement.

Standing Head and neck above plane of back; legs vertically extended, motionless, and bird is awake.

Sitting Head and neck above plane of back; ventral body surface resting on ground.

Preening Bill grasping and moving feathers; shaking and fluffing feathers.

Sleeping White “eyelids” visible or head resting on body.

Agonistic Inter- and intraspecific aggressive encounters (see Raveling 1970 for details).

Flying Travel through the air.

Drinking Consumption of water.

Swimming Sitting on water.

Pair Bonding

Triumph ceremony and/or copulatory displays (see Fischer 1965 and Raveling 1970 for details).




170 McWilliams and Raveling

vy

time interval as replicates. Thus, we assumed that
dayswithin each time interval were independentand
that days represented “blocks” for which habitat use
of geese was repeatedly measured over time intervals.
Transforming the data was unnecessary because vari-
anceswere homogenous across time and goose-hours
were approximately normally distributed.

The behavior data set included repeated obser-
vations on the same individual geese. We did not use
a repeated measures ANOVA for statistical analysis
because individual geese did not use all habitats at all
times of the day throughout the spring. This differ-
ential habitat use resulted in an unbalanced data set
(with respect to individual geese) and made a re-
peated measures analysis inappropriate. Conse-
quently, we used a mixed model ANOVA with both
the individual bird effect and the residual error
defined as random variables (Snedecor and Cochran
1980). Additionally, the quasi-Fstatistic was used for
mean square comparisons and a Satterthwaite ap-
proximation was used for estimating error degrees of
freedom (Neter et al. 1985:831-835). We arcsine-
transformed the percentage of time spent in each
behavior for each focal observation and used these as
dependent variables in the mixed model ANOVA.
We analyzed each behavior using a separate, but
identical, ANOVA. We considered the possible inter-
dependency between behaviors when making our
interpretation of the results. The independent fac-
tors for this analysis included year, habitat, time-of-
day, status (paired or unpaired), sex, and age. We
used the general linear models procedure (Type 111
sums of squares) of the Statistical Analysis System
(Crum 1986) for all statistical analysis. The arcsine-
transformed data conformed to the assumptions of
ANOVA.

Biology and Management of Canada Geese

We used a completely randomized ANOVA
(Snedecor and Cochran 1980) to analyze peck rates
and steprates. We ignored sex, age, and status effects
in this analysis because more than half of the data
were from geese without neck bands. The indepen-
dent factors for this analysis included goose species,
habitat, time-of-day, and season.

RESULTS
e

Habitat Use

In general, cackling and Ross’ geese distributed
themselves unequally among habitats (overall habi-
tat main effect: F= 15.8; 3, 12 df; P= 0.0002; habitat
effect within each seasonal period: F>7.8; 3, 12 df;
P<0.004), and in a species-specific manner (species
x habitat interaction: F = 17.4; 3, 12 df; P= 0.0001)
(Tables 2and 3). Differences in habitat use between
Ross’ and cackling geese were significant for both the
mid-March and early April periods in both 1989
(species x habitat interaction: F= 3.4; 3, 12 df; P=
0.05; F=5.1; 3, 12 df; P=0.02, respectively) and 1990
(species x habitat interaction; F= 10.8; 3, 12 df; P=
0.001; F=9.6; 3, 12 df; P = 0.002, respectively), but
were significant for the late April period only in 1990
(species x habitat interaction: F = 22.1; 3, 12 df; P=
0.0001).

We used orthogonal contrasts to identify year
and season main effects and their interaction effects
because the 7 seasonal intervals ($in 1989, 4in 1990)
were analyzed as a continuous time effect in the
repeated measures ANOVA. Cackling and Ross’
goose habitat use patterns changed during March
and April (season x habitat interaction: F= 17.7; 15,
20df; P=0.0001; season x species x habitatinteraction:

Table 2. Average percent of total goose-hours spent by cackling and Ross’ geese in 5 habitats

during March and April, 1989, in Big Valley, Calif.

Habitat types
Wet Winter
Grain meadow Pasture Alfalfa wheat
Total no.
Dates goose-hr® Species xb sD X SsD x SD X SD X SD
12,14,18 March 21,825 Cackling 0 6 6 52 25 39 26 3 6
18,19 March 23,584 Ross’ 0 21 8 14 9 65 18 0
1,3,4 April 30,293 Cackling 1 5 5 51 23 43 21 0
3,4 April 21,618 Ross’ 2 30 11 4 5 62 8 2 3
22,25,26 April 24,162 Cackling 0 2 2 16 13 82 12 0
17-18,19 April 25,125 Ross’ 0 20 28 0 80 28 0

& Sum of the mean number of goose-hours per day for each habitat type.
® Mean and SD of each day’s percent of total goose-hours spent on each habitat type.
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Table 3. Average percent of total goose-hours spent by cackling and Ross’ geese in 5 habitats during March and

April, 1990, in Big Valley, Calif.

Habitat types
Wet Winter
Grain meadow Pasture Alfalfa wheat
Total no.
Dates goose-hr® Species XP SD x sD X SD X SD X SD
3, 4, 5 March 16,821 Cackling 77 7 17 5 0 4 3 1 1
3,4 March 44,713 Ross' 67 37 33 37 0 0 0
12,14,25 March 24,623 Cackling 9 6 31 26 21 20 33 10 6 10
13,14 March 47,600 Ross’ 10 14 78 30 0 1 0 11 16
27,28 March & 2 April 20,407 Cackling 2 2 5 1 35 8 57 0
31 March & 4 April 29,089 Ross’ 3 2 43 2 1 13 43 0
12-13, 20, 24-26 April 23,146 Cackling 1 1 6 3 36 3 57 16 0
12, 13 April 15,250 Ross' 6 9 30 15 0 64 6 0

& Sum of the mean number of goose-hours per day for each habitat type.
® Mean and SD of each day's percent of total goose-hours spent on each habitat type.

F=5.1; 15, 20 df; P = 0.0005). Despite annual
differences in total number of goose-hrs in March
and April (Tables 2 and 3), these seasonal patterns of
habitat use for cackling and Ross’ geese did not vary
between 1989 and 1990 (year x species x habitat
interaction: F=1.9;9, 26 df; P=0.1). We investigated
the importance of changes in total number of geese
(reflected in goose-hours) in determining annual
and seasonal patterns of habitat use and found its
effect to be minor compared to changes in the
proportion of geese using each habitat.

During early March in 1990, both cackling and
Ross’ geese spent most of their foraging time in grain
fields and less time in wet meadows (Table 3). Rain
and snow during the first 10 days of March in 1989
caused geese to forage throughout the day, rather
than roost during mid-day. Consequently, no days
were included in the analysis for this time period
(Table 2). Observations during early March in 1989
indicated geese fed primarily on waste grain in live-
stock feed lots and planted fields, but also fed in wet
meadows and flooded alfalfa.

By mid-March 1990, cackling and Ross’ geese
greatly reduced their use of grain and began feeding
on new vegetative growth (Table 3). Ross' geese fed
primarily in wet meadow, while cackling geese fed
frequentlyin wet meadow, pasture, and alfalfa (Table
3). By mid-March 1989, Ross’ geese fed primarily in
alfalfa and wet meadow, while cackling geese fed
primarily in pasture and alfalfa (Table 2).

By late March/early April, Ross’ geese spent
most of their feeding time in alfalfa and wet meadow
(Tables 2 and 3), with alfalfa usually the most com-
mon habitat used for feeding. Pastures were infre-
quently used by Ross’ geese throughout their stay in

Big Valley. Cackling geese spent most of their feed-
ing time in alfalfa and pasture (Tables 2 and 3).
Unlike Ross’ geese, cackling geese used pastures
frequently throughout their stay in Big Valley.

Time Budget Comparisons

In 1989, we recorded 624 focal observation peri-
ods on 79 neck-banded cackling geese and 1 Ross’
goose. In 1990, we recorded 756 focal observation
periods on 88 neck-banded cackling and 5 Ross’
geese. When the entire data set was analyzed using a
mixed model ANOVA, which included an individual
bird effect, birds of the same age and sex class
differed in foraging behavior in 1990 (F= 1.68; 68,
431 df; P=0.001) and nearly did so in 1989 (F=1.29;
67, 257 df; P= 0.08). Estimates of individual bird
differencesrevealed that birds thatwere seldom seen
were responsible for the significant bird effect. When
birds with fewer than 5 focal observations were ex-
cluded from the data, there were no longer differ-
ences among birds of the same age and sex class in
1990 (F= 1.19; 44, 394 df; P= 0.20) or in 1989 (F =
1.27; 25,197 df; P=0.18). For subsequent analyses,
we did not include an individual bird effect in the
mixed model ANOVA. Observation periods <4 min
duration were also excluded from further analysis.
Thus, the 1989 and 1990 data used for the analyses
included 352 and 495 observation periods on 43 and
51 individual cackling geese and 1 and 5 Ross’ geese,
respectively. In 1989 and 1990, the mean number of
approximately 10-min observation periods recorded
for an individuat cackling goose was 7.7 + 4.4 (SD)
and 12.6 + 5.1 (SD), respectively.

Ross’ geese spent 60-97% of their time foraging
in various habitats. No statistical comparisons of
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Figure 1. Age differences in the proportion of time
spent foraging throughout the day by cackling geese.
—— = 9-10 mo and 21-22 mo (n= 29), — — = 33-34
mo and 45-46 mo (n = 63), and —o— = older than 57
month (n = 352). The interaction between age group
and time-of-day is statistically significant (F = 2.38; 4,
438 df; P = 0.05), while the age and time-of-day main
effects were not significant (F = 0.45; 2, 438 df; P = 0.64;
F = 1.6; 2, 438 df; P = 0.2; respectively).

Ross” goose time budgets were made because we
observed only 6 neck-banded individuals.

Time spent foraging by cackling geese ranged
from 56-78% and did not differ significantly among
habitats in either 1989 or 1990 (Table 4). Cackling
geese spent 20-40% of their time primarily walking,
standing, and preening (Table 4). In 1989, cackling
geese spent more time standing when in wet meadow
and alfalfa than when in alfalfa/pasture mix and
winterwheatfields (Table 4). In 1990, cackling geese

da Geese
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spent more time walking when in wet meadow and
pasture than when in the other 3 habitat types. No
significant habitat differences in time spent standing
or walking were found in 1990 or 1989, respectively.
Cackling geese preened for 1-17% of their time and
no habitat differences were detected. Aggressive
interactions within cackling goose flocks rarely ac-
counted for more than 1% of their time budget
(Table 4). Time spent in aggressive interactions did
not change significantly across habitats.

Although the time spent foraging by cackling
geese in various habitats was similar, in 1990 there
were significant diel differences in foraging time that
were age dependent (Fig. 1). In 1989, similar trends
were apparent except we recorded no focal observa-
tions on birds <2 years of age during mid-day, making
the statistical results marginally significant (F= 2.41;
2,197 df; P=0.09). During the morning and evening
time periods, all age groups fed for similar propor-
tions of ime (Fig. 1). However, when older cackling
geese moved off mid-day roost sites, they spent more
time feeding than geese <4 yrs old.

Time budgets of paired and unpaired male and
female cackling geese were similar (Table 5). Males
and females, whether paired or unpaired, did not
differ significantly in the proportion of time spent in
any of the behavioral categories. Because these
values were similar for both 1989 and 1990, only the
1990 values are presented here.

Step Rates and Peck Rates
In 1989, cackling goose step rates were lower
when geese were in alfalfa and wet meadows than

Table 4. Time budgets of cackling geese in 5 habitats during March and April, 1989 and 1990, in Big Valley, Calif.

Habitat types and proportion of time in each behavior

Alfalfa/ Wet Winter Habitat
pasture Alfalfa Pasture meadow wheat comparisons
Behavior Year X® SD X sD X sD X SD X sSD df® F P
Foraging 1989 70 21 56 25 70 16 60 18 78 19 352 155 0.19
1990 63 19 73 20 68 16 63 26 76 20 477 143 0.22
Walking 1989 8 11 7 12 12 12 10 8 11 13 316 1.36 0.25
1990 6B 6 6B 7 13A 11 1A 1 6B 4 458 3.25 0.01
Standing 1989 12C 14 19AB 19 15BC 17 23A 15 7C 6 346 272 0.03
1990 14 13 10 12 14 11 15 14 9 12 474 1.33 0.26
Preening 1989 6 7 17 15 4 11 3 4 1 1 63 1.27 0.29
1990 10 12 9 13 2 2 5 6. 9 11 223 1.82 0.13
Agonistic 1989 0.7 1.2 05 07 09 27 30 20 23 45 87 0.71 0.59
1990 03 02 06 09 0.7 0.7 06 06 141 0.81 065

05 07

# Mean of each ca. 10-min observation period's percent of time spent in each behavior.

® Denominator df presented; numerator df is 4 in all cases.

¢ Within a year, means with the same letters are not significantly different (P > 0.05) based on least significant difference (LSD)

analysis.
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Table 5. Time budgets of known sex and status cackling geese during March and April, 1990, in Big Valley, Calif.

Percent time in each behavior

Foraging Standing Walking Preening Agonistic =~ Other
Status Sex n® nb X SD X SD X SD X SD X SD X
Paired Female 6 41 67 20 1 10 7 8 13 16 0.3 0.1 1.7
Male 6 43 64 20 15 16 7 6 10 13 0.4 0.4 3.6
Unpaired Female 24 237 69 20 13 12 7 7 8 10 0.7 2.0 2.3
Male 29 163 70 20 12 12 7 9 9 12 0.6 0.9 1.4
ANOVA results:
Status: F= 0.35 3.01 0.36 3.51 0.16
P= 0.55 0.08 0.55 0.06 0.69
Sex: = 3.02 0.33 0.47 0.16 1.88
P= 0.08 0.56 0.49 0.69 017
Status by Sex: F= 0.29 0.08 0.10 0.78 0.61
= 0.59 0.77 0.76 0.38 0.44
df = 1, 455 1, 452 1, 436 1, 207 1,128

& Number of neck-collared individuals.
b Number of ca. 10-min observations periods.

when in pasture and winter wheat (Table 6, F=6.3; 4,
617 df; P = 0.0001), but no changes in step rates
among habitats were apparent in 1990 (F= 0.04; 4,
329 df; P=0.84). In both 1989 and 1990, step rates
were lowest during mid-day ( ¥ =35+ 8 (SD) and 30
+ 9, respectively) and highestin the evening ( ¥ =50
+ 13 (SD) and 40 £ 11, respectively) (F=7.39;2, 617
df; P=0.0007; F= 3.94; 2, 329 df; P= 0.02; respec-
tively).

In 1989, Ross’ geese consistently had higher step
rates (F=4.18; 1, 617 df; P= 0.04) and, thus, moved
faster than cackling geese (Table 6). Step rate
differences between species were pronounced only
inalfalfaand wet meadow. Less than 5 step rates were
recorded for Ross’ geese in 1990, so no species
comparison was attempted for that year.

Cackling and Ross’ geese pecked at similar rates
in each habitat both in 1989 (species effect: F= 0.06;

1, 1167 df; P=0.81; species x habitat interaction: F=
1.11; 4, 1167 df; P=0.33) and in 1990 (species effect:
F=0.71; 1, 521 df; P=0.40; species x habitat interac-
tion: F=0.77; 4, 521 df; P=0.38). Average peck rates
of both cackling and Ross’ geese were lower when
geese fed in alfalfa than when they fed in all other
habitats in 1990, and all except alfalfa/pasture mix
habitats in 1989 (Table 7).

DISCUSSION

Habitat Use

Goose habitat use patterns were similar in 1989
and 1990 except geese switched from feeding on
grain to feeding on new vegetative growth earlier in
1990. In both years, Ross’ and cackling geese fed
primarily in grain fields during early March, and fed

Table 6. Ross’ and cackling goose step rates (no. steps/min) on 5 habitat types during March and April, 1989,

in Big Valley, Calif.

Habitat types
Alfalfa/Pasture Alfalfa Pasture Wet meadow Winter wheat
Goose species X SD x SD x sD 4 SD X sD
Cackling goose 39.7AB*  15.1 31.9B 13.7 451A 140 31.4B 129 42.6A 136
n° 110 38 205 96 153
Ross’ goose - 60.0A 156 50.8A 147 462A 134 42.3A 118
n : 7 13 . 7 10

* Within a goose species, means with the same letters are not significantly different (P> 0.05) based on least significant

difference (LSD) analysis.

® Number of step rates recorded in each habitat for each species.
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Table 7. Goose peck rates (no. pecks/min) on 4 habitat types® during March and April in Big Valley, Calif. Ross’
and cackling goose peck rates are combined because they were not significantly different in either 1989 or 1990.

Habitat types
Alfalfa/Pasture Alfalfa Pasture Wet meadow Habitat comparison
Year x sD X SD x sD x sSD df F P
1989 104.2ABY 15.0 96.2B 16.9 135.1A 15.7 124.0A 10.4 1167 5.33 0.001
ne 278 134 400 383
1990 116.3A 18.6 105.6B 19.0 156.3A 19.4 1271A 117 521 14.54 0.001
n 205 180 66

2 Winter wheat is not included because of small sample size.

® Within a year, means with the same letters are not significantly different (P > 0.05) based on least significant difference

(LSD) analysis.
¢ Number of individual peck rates recorded in each habitat.

primarily in alfalfa fields in April. However, Ross’
geese spent more of the remaining feeding time in
wet meadow while cackling geese spent more of the
remaining feeding time in pasture. As a result,
mixed Ross’ and cackling goose flocks were common
in grain and alfalfa fields and uncommon in pasture
and alfalfa/pasture fields. Mixed species flocks were
also common in wet meadows, but for less time
because cackling geese often departed for pasture or
alfalfa fields.

Cackling geese in the fall frequently fed in winter
wheat (Raveling and Zezulak 1991). Most geese shift
from feeding primarily on high-energy foods such as
grain in fall and winter to feeding primarily on high-
protein vegetation in spring and summer (Palmer
1976, Owen 1980). This seasonal shift is particularly
well documented for Canada geese (Reed etal. 1977;
Raveling 1979; McLandress and Raveling 19814, b;
Raveling and Zezulak 1991).

We believe that differences in spring habitat use
between cackling and Ross’ geese result primarily
from species differences in plant preferences and
the efficiency with which each species eats the vegeta-
tion on these habitats. We regularly observed Ross’
geese uproot wet meadow plants and then feed on
the underground tubers. Billlamellae of snow geese,
and presumably Ross’ geese, are harder and at a
higher density than Canada geese providing a strong
gripping surface used in grubbing for roots and
tubers (Bolen and Rylander 1978). Cackling geese
were less successful using the grubbing method prob-
ably because they have smaller and less powerful bills
than Ross' geese (Johnson and Raveling 1988).
However, the smaller bill of cackling geese may allow
efficient feeding on pasture. Pasture grasses in Big
Valley are generally lower in quality than alfalfa
(McWilliams 1993) and may require geese to use
more selective feeding methods.

Time Budgets and Peck and Step Rates

Time budgets were different among habitats
during spring in greater snow geese ( Chen caerulescens
atlanticus) (Gauthier etal. 1984, Bedard and Gauthier
1989), lesser snow geese ( C. ¢. caerulescens) (Alisauskas
and Ankney 1992), white-fronted geese (Anseralbifrons
frontalis) (Ely 1992), Canada geese (McLandress and
Raveling 19816) and many other waterfowl (Paulus
1988). We found little variation among habitats in
the proportion of time Ross’ and cackling geese
devoted to foraging. Thiswas probably because both
species were feeding at close to maximum rates in
each habitat, and habitats did not vary sufficiently in
composition to affect the proportion of time spent
foraging.

The percentage of time spent foraging by cack-
ling (56-78%) and Ross’ geese (60-97%) was much
higher than reported for most other wintering geese
(Paulus 1988), butsimilar to wintering white-fronted
(A. a. albifrons) (Owen 1972) and barnacle geese (B.
leucopsis) (Ebbinge et al. 1975, Black and Owen
19894). All 5 habitats for which we compared time
budgets contained foods obtained almost entirely by
grazing. Grazing on young vegetation during spring
enables cackling and Ross’ geese to acquire neces-
sary protein, but requires them to feed fora relatively
long time to obtain their energy requirements (Rav-
eling 1979, McWilliams 1993).

Ross’ and cackling geese stepped and pecked
faster in habitats with short, dense swards. Cackling
geese took more steps per min in the evening and
fewer during mid-day. In addition, Ross’ geese had
faster step rates on average than cackling geese. This
may explain why cackling and Ross’ geese in mixed
species flocks often become spatially segregated over
time. Peck and step rates have proven to be sensitive
measures of feeding behavior in studies comparing
dominant and subordinate geese (Teunissen et al.
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1985), reproductive success and feeding opportuni-

ties (Lazarus and Inglis 1978, Prop et al. 1984), and

sward characteristics and foraging behavior (Owen

1972, Harwood 1975, Sedinger and Raveling 1988,

Black et al. 1992, this study).

We examined foraging behavior of cackling and
Ross’ geese at 3 distinct levels: (1) time spent in a
habitat, (2) proportion of time spent foraging once
in a habitat, and (3) the rate of feeding while forag-
ing. Habitat use of Ross’ and cackling geese differed
for most seasonal intervals and use changed season-
ally. Regardless of the habitat type selected, cackling
geese alwaysspentabout the same proportion of time
foraging. In terms of feeding rate, Ross’ and cackling
geese modified their step and peck rates depending
on the habitat type selected and the time of day.

Age Differences in Foraging

Typically, juvenile geese in family groups spend
more time foraging than adults (e.g., Frederick and
Klaas 1982, Austin 1990) or feed longer without
interruptions than juveniles not in family groups
(Black and Owen 19894). This offers immediate
advantages for maintaining family groups (Black and
Owen 1989b). However, by spring many family groups
of geese in the genus Branta have disassociated
(Owen 1980, Owen and Black 1990) and juveniles
presumably lose this feeding advantage. Black and
Owen (19894) found that juvenile barnacle geese
with and without their parents fed for similar propor-
tions of time in autumn, winter, and spring. All age
classes of cackling geese fed for similar proportions
of time during the 2 main feeding periods of the day,
but during mid-day birds <4 years of age foraged for
a much smaller proportion of time compared with
older geese. Instead of foraging, the younger geese
spent more time in maintenance behaviors (e.g.,
preening, bathing). These temporal and age-related
differencesin time spent feeding may resultin higher
daily food intake for older geese.

Social Behavior During Spring Staging

Johnson and Raveling (1988) concluded that
cackling geese have weaker family and pair associa-
tions during the nonbreeding season compared with
other goose species and other Canada goose subspe-
cies. Even though we believe mate fidelityin cackling
geese issimilar to most other geese, we observed only
6 neck-banded pairs regularly associated during
spring in either year of this study. We never observed
family groupsin Big Valley. Thus, our more intensive
observations of cackling geese during spring also
demonstrated weak family and pair associations in
this subspecies of Canada goose.
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Individual geese that maintain family associa-
tions during the nonbreeding season are socially
dominant (Boyd 1953, Raveling 1970, Lamprecht
1986, Black and Owen 19894, Gregoire and Ankney
1990), with males typically spending more time in
agonistic interactions and less time feeding than
females and their offspring (Lazarus 1978, Preveut
and Maclnnes 1980, McLandress and Raveling 1981
Fox and Ridgill 1985, Black and Owen 19894, Austin
1990). Paired cackling geese did not maintain asso-
ciations with offspring, and no sex differences in
time spent feeding, vigilant, or aggressive were ob-
served (Johnson 1988, this study). Furthermore,
paired and unpaired males and females behaved
similarly. We suggest that the advantages of social
dominance are sufficientlyreduced for cackling geese
during the nonbreeding period that the costs associ-
ated with maintaining pair associations and domi-
nance relationships (Black and Owen 1988) out-
weigh benefits (see below).

Determinants of Cackling Goose Social Organization

During fall and spring migration in Alaska
(Sedinger and Bollinger 1987, Johnson 1988) and
during the breeding season (Sedinger and Raveling
1990), paired cackling geese were conspicuous and
active defense of mates was commonly observed. In
contrast, cackling geese did not maintain pair asso-
ciations or dominance relationships on wintering
areas in California (Johnson 1988, Johnson and Rav-
eling 1988, this study).

Understanding the implications of small body
size for cackling geese is central to understanding
their unique social system during the nonbreeding
period. Because of their small body size, cackling
geese (and Ross’ geese) are preyed upon regularly by
golden eagles (Aquila chrysaetos) and occasionally by
bald eagles (Haliaeetus leucocephalus) on wintering
areas (Raveling and Zezulak 1991, McWilliams et al.
1994). Higher predation pressure could select for
gregariousness as a predator-defense strategy. More
dense, gregarious flocks that are disturbed regularly
by predators would, in turn, increase the costs of
maintaining a family-based, social dominance sys-
tem. Owen and Black (1990:77-78) suggested that
degree of disturbance and size of population and
wintering groups were the most powerful determi-
nants of family cohesiveness in geese.

Small body size also has direct consequences for
foraging strategies. As body size of an herbivore
decreases, passage rates increase and digestibility
decreases relative to metabolic demands (Demment
and Van Soest 1985, Karasov 1990). Geese are small
herbivores that have rapid passage rates and digest
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primarily cell contents and not cell wall (Marriott
and Forbes 1970, Mattocks 1971, Sedinger et al.
1989). Consequently, geese must select high quality
food plants to meet their nutritional requirements
(Owen 1980, Sibley 1981). The small-bodied cack-
ling goose selects high quality food plants and main-
tains high intake rates for relatively long periods of
time (McWilliams 1993). These foraging constraints
may directly limit the time cackling geese have avail-
able for defense of food resources.

Distribution of food resources directlyinfluences
access to and defendability of the food (Brown 1964;
Gauthreaux 1978; Lott 1984, 1991). For example,
when interior Canada geese (B. c. interior) and lesser
snow geese ate seeds that were patchily distributed,
they engaged in higher levels of aggressive behavior
than when theywere grazing on vegetation (Raveling
1970, Gregoire and Ankney 1990). Johnson and
Raveling (1988) suggested that cackling geese exhib-
ited weak pair and family associations and little ag-
gression during winter in part because they ate pri-
marily grasses which were lower in quality and were
more evenly distributed than other food types (e.g.,
tubers and seeds). However, some geese feed prima-
rily by grazing and retain strong family associations
and exhibit frequent aggressive behavior during win-
ter (Black and Owen 19895). The forage eaten by
grazing geese usually appears to be evenly distrib-
uted; however, much of the forage in a given field is
of sufficiently poor quality that geese cannot con-
sume it and maintain a positive nutrient balance
(Ydenberg and Prins 1984). Thus, it is necessary to
know the distribution, abundance, and quality of
preferred foods at feeding sites before evaluating the
role of food resources in determining variation in
social organization of geese during winter.

We have suggested that high predation pressure
on cackling geese may favor dense flocks which in
turn increase the costs of maintaining social domi-
nance. Digestive and metabolic constraints require
cackling geese to feed on high-quality forage for long
periods each day which may further limit their ability
to defend food resources. Additionally, evenly dis-
tributed, preferred food resources may reduce the
benefits of social dominance. Alternatively, if graz-
ing by goose flocks enhances plant quality or quantity
(Prins et al. 1980, Cargill and Jefiries 1984), then
important benefits emerge for gregariousness. Fur-
ther research is needed to determine how the distri-
bution and abundance of suitable forage on winter-
ing areas interacts with grazing impacts and preda-
tion pressure to influence the social organization of
geese. :
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