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ABSTRACT.—We studied dominance and aggression among family and nonfamily groups
of Lesser Snow Geese (Chen caerulescens caerulescens) in salt marshes and rice fields in Louisiana,
from January to March 1984, and in corn fields during the subsequent spring migration.
Some proximate costs and benefits of family unity were examined by comparing the behavior
of adults and juveniles among different family and nonfamily groups. We also determined
if habitat differences influenced agonistic behavior among social groups of foraging Snow
Geese.

Lesser Snow Geese had a well-defined dominance hierarchy. Large families dominated
small families, which in turn dominated pairs, lone adults, and lone juveniles. Single-parent
families and crippled geese were less successful in aggressive interactions than were their
normal counterparts. Family groups initiated and won more interactions than nonfamily
groups. Individual aggression decreased as family size increased among juveniles in salt
marshes. Aggression differed among habitats and was three times more frequent in corn
fields than in marshes or rice fields. However, more intense aggression and more within-
group aggression were observed in salt marshes as compared with rice or corn fields. Received
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DOMINANCE relationships figure prominently
in the social behavior of wild birds. Dominant
individuals enjoy access to limited resources,
such as food and space (Jenkins 1944, Raveling
1970, Welty 1975). Dominance hierarchies also
provide stability in a group by reducing the
intensity and frequency of altercations (Ravel-
ing 1970, Welty 1975, Kaufmann 1983). Indi-
viduals learn to identify group members by their
position in the hierarchy. Thus, displays or
threats can replace more costly interactions,
thereby saving time, energy, and injury.

Wild geese are social birds, goose families
remain together from one breeding season to
at least the beginning of the next (Eisenhauer
and Kirkpatrick 1977, Bellrose 1980, Prevett and
Maclnnes 1980), and pair bonds often remain
intact until one adult of the pair dies (Bellrose
1980, Prevett and MacInnes 1980). A dominance
hierarchy related to group size accompanies
these social bonds. Large families dominate
small families, which in turn dominate pairs
and single geese (Boyd 1953, Hanson 1953, Rav-
eling 1970). Although larger families dominate
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smaller families, it is unclear if the larger fam-
ilies actually benefit from their position (Laz-
arus and Inglis 1978). We assumed a dominance
hierarchy exists for Lesser Snow Geese (Chen
caerulescens caerulescens; hereafter called Snow
Geese), and one aim of this study was to ex-
amine how group size influences aggression. A
second was to determine if more dominant fam-
ily groups benefit from their position in the
social hierarchy.

The dominance status of single-parent fami-
lies and crippled geese has not been examined.
Hunting and disturbance are major contributors
to the disruption of families (Prevett and
MacInnes 1980) and to the injury of birds. Boyd
(1953) and Raveling (1970) showed that domi-
nance position is related directly to the number
of individuals in a family at a particular time.
Therefore, members of single-parent families
would be expected to occupy a lower position
in the dominance hierarchy and to experience
more interference and displacement. Likewise,
crippled geese may be less able to defend them-
selves or attack other geese. Consequently they
occupy a status lower than that of their unin-
jured counterparts. We attempted to determine
how these handicaps affect a bird’s status in the
flock.

Habitat type may influence how much
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aggression occurs in geese. Raveling (1970) ob-
served a higher frequency of interactions among
feeding Canada Geese (Branta canadensis) than
among those at a roost. He showed also that
more conflicts occurred where food was con-
centrated (millet) than where it was evenly dis-
persed (wheat). Snow Geese frequent several
different habitats during winter and spring
(Bellrose 1980). In winter, Snow Geese uproot
grass rhizomes (mainly Spartina spp. and Scirpus
spp.) in coastal marshes (McIlhenny 1932, Lynch
et al. 1947), and they expend much time and
energy to bring the rhizomes to the ground
surface (McIlhenny 1932). They may protect
newly established feeding sites from intruding
conspecifics. Snow Geese also feed on inland
rice fields (Hobaugh 1984) and graze on waste
rice and young herbaceous shoots, which are
rather evenly distributed over the ground sur-
face. Snow Geese frequent corn fields during
spring migration (Bellrose 1980) and feed on
waste corn that is often on cobs or in clumps
of loose kernels. An additional aim of our study
was to determine if aggression was more prom-
inent in habitats where food was distributed
unevenly (e.g. marshes and corn fields).
During spring migration geese store nutrient
reserves essential for breeding in the north (Ali-
sauskas 1988), and food-related aggression may
be more prominent. Aggression may be in-
creased by hormone production associated with
increased day length, which triggers courtship
and mating behavior. New pair bonds are
formed then (Bellrose 1980, Prevett and Mac-
Innes 1980), and higher aggression by newly
formed pairs may be evident (Raveling 1970).
Also, family bonds may weaken as juveniles
mature, although family breakup often does not
occur until the geese reach the breeding grounds
(Prevett and MacInnes 1980). A final aim was
to determine how agonistic behavior changed
among Snow Geese during spring migration.

STUDY AREA AND METHODS

The winter portion of the study was done from
January to early March, 1984, in southwestern Loui-
siana. We observed Snow Geese in salt marshes in
the Cameron Parish within 5 km of the Gulf coast,
and in rice fields in the Jefferson Davis Parish, ca. 65
km inland. Observations during spring migration were
collected from mid-March to mid-May, in corn fields,
at Fremont and Mills counties, lowa; Brown, Mar-
shall, and Kingsbury counties, South Dakota; and areas
30 km west and south of Portage La Prairie, Manitoba.
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We observed the following groups (abbreviations in
parentheses):

Family: an adult pair with one to six offspring (Fam
3-8; includes all family members).

Single-parent family: an adult with one or two offspring
(S P Fam 2-3).

Pair: two adults with an apparent strong social bond
(Pr).

Crippled pair: a pair with one crippled member (Crip
Pr).

Lone adult: a lone goose older than one year (L Ad).

Crippled lone adult: a lone adult with at least one lame
leg, sometimes also with an injured wing, but ca-
pable of flight (Crip L Ad).

Lone juvenile: a lone goose younger than one year (L
Juv).

Pairs with no offspring and lone individuals were
referred to collectively as nonfamily groups. Juvenile
Snow Geese are readily distinguishable from adults
by their darker (grayish) head and neck plumage.
Adult blue- and white-phase geese have a white head
and upper neck.

We determined family size by the coordinated be-
havior and proximity of family members (e.g. family
members moved as a unit, and conspecifics that came
too close to the family were pecked at or chased).
Cooperative aggression and the fact that landing geese
separated into their respective family groups imme-
diately before alighting (Raveling 1968, Prevett and
Maclnnes 1980) were also useful to identify families.
No attempt was made to capture and mark individ-
uals.

All observations were made of birds on the outer
edge of a flock. Boyd (1953) and Owen (1972, 1976)
noted that goose families tend to occur at the edge of
a flock, and birds at the periphery of a flock are more
vigilant than other members (Drent and Swierstra
1977, Lazarus 1978, Jennings and Evans 1980). We
therefore attempted to control for the effect of posi-
tion within a flock. Because vigilant behavior de-
creases with increasing flock size in small aggrega-
tions of geese (Drent and Swierstra 1977, Lazarus 1978,
Inglis and Lazarus 1981), flocks with <300 birds were
not observed.

Snow Geese were observed from a 5-foot platform
erected in the back of a truck. This enabled us to
observe more than 95% of interactions. Geese were
accustomed to vehicular traffic and were not dis-
turbed by the truck as long as the observer remained
with the vehicle. We used 8-24 x 50 zoom binoculars
to observe geese. We recorded data on a portable tape
recorder or directly onto data sheets. We alternated
10-day observation periods in salt marsh and in rice
fields. This was repeated until the geese began to
migrate.

A flock was scanned in search of a predetermined
group size. That is, to sample all group sizes equally,
we searched for a group with the smallest sample size
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TABLE 1.
(all habitats combined).
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Outcomes of interactions between social groups* of Snow Geese during winter and spring migration

Losers
Crip Crip SP SP Fam Fam Fam Fam Fam

Winners LJuv LAd LAd Pr Pr Fam2Fam3 3 4 5 6 7&8 Total
L Juv 40 4 2 1 1 48
Crip L Ad 16 1 6 1 24
L Ad 50 9 20 1 1 2 1 1 85
Crip Pr 7 1 5 10 23
Pr 108 41 63 14 100 1 2 10 2 4 1 346
S P Fam 2 7 1 11 11 1 31
S P Fam 3 2 13 26 2 3 46
Fam 3 38 4 30 1 80 2 6 10 5 3 2 181
Fam 4 69 3 56 1 63 2 4 23 6 1 228
Fam 5 40 2 23 49 19 3 3 1 140
Fam 6 21 14 23 3 8 1 70
Fam 7 & 8 5 3 6 1 6 5 26

Total 403 66 246 17 371 7 12 73 31 17 4 1 1,248

* Abbreviations: family (Fam 3-8), single-parent family (S P Fam 2-3), pair (Pr), crippled pair (Crip Pr), lone adult (L Ad), crippled lone adult

(Crip L Ad), and lone juvenile (L Juv).

for that particular time of day. Once located, a social
group was observed for up to 20 min and all aggres-
sive interactions were recorded. Observations of <5
min were discarded from the frequency data to re-
move an observed negative correlation between the
number of interactions per minute and the duration
of observation (Gregoire unpubl. data). Wins and loss-
es for each altercation were determined by following
the basic threat and escape postures described for the
genus Anser by Boyd (1953) and for the genus Branta
by Raveling (1970). We categorized aggressive en-
counters by decreasing levels of intensity: fight (where
two individuals faced each other with their chests
pushed against one another, some biting, wings often
flapping), peck (a quick extension of the head and neck
to hit an individual with the bill or to deliver a bite),
attempted peck (same as peck, without physical contact),
and threat (head and neck extended vertically or hor-
izontally while standing, walking, or running toward
an individual, often calling). The most intense form
of aggression observed during an encounter deter-
mined its category. Fighting geese were very active
and never hidden from view.

An aggressive interaction occurred when behavior
fitting one of the above categories was manifested by
individual(s) from one social group on individual(s)
usually from a second social group. Interactions that
occurred within a social group were recorded sepa-
rately.

A win was tallied when individuals from one social
group displaced individuals from a second social group
(and retaliations were unsuccessful). A loss occurred
when individuals from one social group were not
displaced by advances from individuals in a second
social group. A loss also occurred when the second
social group backed out of striking distance or de-

parted. A tie occurred when the two social groups
neither retreated nor became displaced after one or
more confrontations. Ties were uncommon.

We calculated involvement in aggressive interac-
tions per adult bird by summing the number of in-
teractions that involved 1 adult only, 2 adults only
(multiplied by 2), =1 adult and =1 juvenile, and
all members (multiplied by 2). The sum from these
four categories was divided by twice the total number
of interactions. Several categories were multiplied by
2 to account for the number of adults involved in the
interactions (single-parent family interactions were
not multiplied by 2). Involvement in aggressive in-
teractions per juvenile bird was calculated similarly.
Interactions per hour per adult and per juvenile were
calculated by multiplying involvement in interac-
tions by the frequency of aggressive interactions ob-
served for that social group.

RESULTS

Dominance hierarchy.—We found a dominance
hierarchy, based upon group size, in Snow Geese
(Tables 1 and 2). Large families dominated
smaller families, which in turn dominated pairs,
lone adults, and lone juveniles (P < 0.05 for
each comparison). Single-parent families won
most of their interactions with pairs (P < 0.01),
but lost most interactions with two-parent fam-
ilies (P < 0.05). Overall, crippled geese won
fewer interactions against their uninjured
counterparts, but not at statistically significant
levels.

Sources of conflict. —Most aggressive interac-
tions (>75%) observed in salt marshes and corn
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TABLE 2. Agonistic encounters between selected social groups of Snow Geese. The analysis (Group 1 vs.
Group 2) was based on the assumption that each group* had an equal probability of winning (data from
Table 1); * = P < 0.05; ** = P < 0.01; *** = P < 0.001; NS = not significant (P > 0.05).

Group 1 No. of wins Group 2 No. of wins x2
Fam >4 17 Fam 4 1 12.50***
Fam 4 23 Fam 3 5 10.32**
Fam 3 80 Pr 10 52.90***
Pr 63 L Ad 1 58.14***
L Ad 50 L Juv 2 10.62**
Fam 3 & 4 14 SPFam2 & 3 4 4.50*
SP Fam 3 26 Pr 2 18.90%**
S P Fam 2 11 Pr 1 6.75**
Pr 14 Crip Pr 10 0.38 NS
L Ad 9 Crip L Ad 6 0.75 NS
Crip L Ad 16 L Juv 4 6.05*

2 See Table 1 for explanation of abbreviations.

fields appeared to be food related. Conflicts arose
when social groups were protecting their food
from intruding conspecifics or when individ-
uals attempted to take over the food patch of
another social group. Only individuals within
a social group were permitted to feed on the
same patch of food. Most aggressive interac-
tions observed in rice fields, and the remainder
of interactions observed in marshes and corn
fields, appeared to be initiated by intrusions
into a goose’s individual space (the area imme-
diately around a bird, which moved with the

bird and included its family members). Birds in
rice fields moved constantly and thus ap-
proached other social groups more frequently.

Family and nonfamily groups.—Success in ag-
gressive interactions differed among social
groups (Table 3). In salt marshes and rice fields,
family groups of all sizes won most of their
conflicts, but nonfamily groups won fewer than
one half of interactions in which they were in-
volved. In corn fields, pairs won just over one
half of the interactions in which they were in-
volved. There was also a trend for larger fam-

TABLE 3. Percent success in all aggressive interactions observed for each social group of Snow Geese, in each
habitat (wins divided by [wins + losses + ties]). Asterisks indicate significant differences (Chi-square
analyses) between the numbers above and below the asterisks; * = P < 0.05; ** = P < 0.01; *** =P <

0.001.
Marsh Rice Corn
Success (%) n Success (%) n Success (%) n
L Juv® 7 45 12 139 10 415
Crip L Ad 9 23 27 131
L Ad 14 57 18 50 30 288
* 3 * % %
Crip Pr 53 68
Pr 35 88 27 75 52 681
S P Fam 63 30 70 53 88 60
Fam 3 64¢ 87 65¢ 82 75¢ 192
* %
Fam 4 74 62 80 65 87 225
Fam 5 72 29 80 51 91 179
Fam >5 85¢ 39 95¢ 38 95¢ 82

* Number of interactions.

* See Table 1 for explanation of abbreviations.
¢Fam 3 vs. Fam >5, P < 0.05.

4Fam 3 vs. Fam >5, P < 0.01.

¢Fam 3 vs. Fam >5, P < 0.001.
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TABLE 4. Percentage of interactions initiated and of those initiated won, for each social group of Snow Geese
in each habitat (of the total number of interactions observed for each social group). Asterisks indicate
significant differences (Chi-square analyses) between the numbers above and below the asterisks; * = P <

0.05; ** =P < 0.01; *** = P < 0.001.

Marsh Rice Corn
Init. Init. won Init. Init. won Init.  Init. won
(%) (%) n (%) (%) n (%) (%) n

L Juv® 9 75 44 16 77 134 11 84 400
* %

Crip L Ad 10 100 21 28 94 128

L Ad 18 90 57 22 82 50 30 90 288
* * % ¥

Crip Pr 54 95 68

Pr 35 90 86 31 83 75 55 92 681
* % * % * * %W

S P Fam 69 100 29 77 86 53 88 96 60

Fam 3 73 80 86 71¢ 88 80 76 93 192
* %%

Fam 4 76 89 62 83 94 60 90 95 223

Fam 5 79 91 29 90¢ 92 51 94 95 175

Fam >5 86 88 36 94 100 36 97 96 86

* Number of interactions.
*See Table 1 for explanation of abbreviations.
<Fam 3 vs. Fam 5, P < 0.05.

ilies to be more successful than were smaller
families.

Unlike nonfamily groups, family groups ini-
tiated most interactions in which they were in-
volved (Table 4). Pairs in corn fields were an
exception as they initiated more than half of
the interactions in which they were involved.
There was also a trend for large families to ini-
tiate more interactions than smaller families did.
Any group that initiated an interaction was
likely to be successful.

Frequency of aggressive encounters varied
between family and nonfamily social groups
(Fig. 1). Lone adults and pairs were involved in
fewer interactions than were family groups in
marshes and rice fields. Lone juveniles were
involved in more interactions than other non-
family groupsin rice fields and marshes. In corn
fields, frequency of aggression was high and
extremely variable, and no significant differ-
ences occurred between groups. Although pairs
were involved in fewer interactions in marshes
and rice fields, their involvement in corn fields
exceeded that of most other groups. Frequency
of interaction did not differ significantly among
family sizes in any habitat. However, adults in
families (Table 5) were involved in more inter-
actions per hour than were adults in pairs in
marshes (Pr = 0.8-Ad~*-h~!) and rice fields (Pr
= 1.4-Ad~*-h™") (Mann-Whitney tests P < 0.05).
Family juveniles (Table 5) were involved in

fewer interactions than lone juveniles (Fig. 1),
in all habitats (Mann-Whitney tests P < 0.01).

Parents and offspring.—Parent geese took part
in significantly more interactions than did their
offspring in encounters initiated by families
(Table 5). Most of these encounters involved
only one adult. At least 75% of the interactions
involving only juveniles involved one juvenile,
regardless of family size or habitat type. Ap-
proximately 50% of encounters that involved
some adults and juveniles included both adults,
but most often only one juvenile. Involvement
in interactions per parent goose varied little
with family size, but adults of single-parent
families were involved in a greater proportion
of encounters than were adults of two-parent
family groups (Chi-square P < 0.05 for each
habitat). There was a trend for involvement in
interactions per juvenile bird to decrease as
family size increased, in all three habitats (Chi-
square tests P < 0.05; Marsh Fam 3 > Fam >5
and Corn Fam 3 > Fam 5). When we accounted
for the frequency of interactions observed for
each social group, the number of interactions
per hour per juvenile goose also decreased as
family size increased, in the salt marshes and
rice fields, but no change was observed in corn
fields (Table 5). (Juveniles in marshes; Kruskal-
Wallis test P = 0.02; Multiple Comparison Pro-
cedures (Conover 1980), Fam 4 < Fam >5, P <
0.05; Fam 3 < Fam >5, P = 0.10). Variation in
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frequency of interactions was too great to iden-
tify statistical differences among single-parent
and two-parent families.

Habitat comparisons.—Frequency of aggres-
sive interactions differed significantly among
all three habitat types. We combined all social
groups in each habitat and counted an average
frequency of 4.7 interactions per hour in salt
marshes, 8.7 per hour in rice fields and 29.7 per
hour in corn fields (Marsh < Rice < Corn, Krus-
kal-Wallis test and Multiple Comparison Pro-
cedures, P < 0.001; n = 165, 147, and 192, re-
spectively). Aggressive interactions in corn
fields were three times more frequent than in
the other habitats and did not differ among the
three corn study sites (one-way ANOVA P >
0.50).

Aggressive intensity also differed among
habitats (Fig. 2). We observed more fights in
salt marshes than in either rice or corn fields
(marsh vs. rice, x2 = 6.42, P < 0.025; marsh vs.
corn, x* = 4.81, P < 0.05). A greater proportion
of encounters involved attempted pecks in rice
fields and corn fields than in marshes (x> =7.47
and 6.7, respectively; P < 0.01). Pecks and threats
did not differ in proportion among habitats.

Within-group aggression.——On 33 occasions we
observed a Snow Goose lightly peck or attempt
to peck its offspring, mate, or sibling. These
within-group interactions occurred when a bird
attempted to feed on the food item of another
group member or when individuals” heads came
close together while they were feeding. The
resulting peck appeared to be of low intensity
and the pecked individual did not retreat, but
either moved its head out of the way or did not
respond. Twenty-two interactions were be-
tween parents and their offspring, six were be-
tween siblings, and five were between members
of pairs. Parents often tolerated having their
food pulled away several times before they de-
livered a peck. We observed within-group
aggression only in salt marshes and corn fields,
but it occurred significantly more frequently in
marshes (x2 = 22.93, P < 0.001). Within-group
aggression represented 9.0% (n = 220) of inter-
actions in salt marshes and 1.5% (n = 992) in
corn fields.

DisCuUssION

Dominance hierarchy.—Snow Geese have a
well-defined dominance hierarchy which is
positively correlated with group size. This is
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Fig. 1. Frequency of aggressive interactions (¥ +
SE) among social groups of Snow Geese in marshes,
rice fields, and corn fields. Columns with upper-case
letters are significantly different from those with
equivalent lower-case letters, within each habitat
(Kruskal-Wallis and multiple comparison procedures;
P < 0.05). Asterisks indicate P < 0.10; sample sizes
are above each bar. See Table 1 for explanation of
abbreviations.
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Involvement of family members (adults [ad] and juveniles [juv]) in interactions initiated by those

families by habitat. All values are percentages except the n column and Interactions per hour column.

Family members Involvement
in i i Interactions per
Ad(s) No. Ad vs, 1t Interactions roue T
Habitat/ 1 Ad 2 Ads Juv(s) & No. Juv Per Per —me—
Groups only only only Juv(s) All n*  Chi-square®* Ad Juv Per Ad Per Juv
Marsh
S P Fam® 73 20 7 0 15 Ad*** 80 14 7.5 13
Fam 3 61 10 19 2 8 59 Ad* 50 29 38 22
Fam 4 75 2 8 2 13 48 Ad*** 54 18 3.5 1.2
Fam 5 58 8 25 4 4 24 Ad*** 43 14 19 0.6
Fam >5 76 9 9 3 3 34 Ad*** 53 6 21 02
Mean! 68 7 15 3 7 50 17 2.8 1.1
Rice
S P Fam 76 17 2 5 41 Ad*** 83 16 8.9 17
Fam 3 58 12 15 2 13 48 Ad** 55 30 8.4 4.6
Fam 4 54 15 15 4 12 52 Ad*** 57 21 6.6 2.4
Fam 5 58 9 11 9 13 45 Ad*** 58 22 43 1.6
Fam >5 56 0 22 19 3 32 Ad*** 48 14 44 1.3
Mean? 56 9 16 9 10 55 22 59 25
Corn
S P Fam 50 35 4 11 54 Ad*** 64 29 257 116
Fam 3 62 8 11 7 12 152 Ad*** 54 30 11.7 6.5
Fam 4 60 6 19 6 9 205 Ad*** 49 21 16.4 7.0
Fam 5 52 6 21 14 8 168 Ad*** 49 19 14.0 5.5
Fam >5 44 6 30 15 5 86 Ad*** 43 19 17.1 7.6
Mean4 54 7 20 10 8 49 22 148 6.7

2 Number of interactions.

b* =P < 005 ** =P < 0.01; *** = P < 0.001. Significant values indicate greater parent involvement.

<See Table 1 for explanations of abbreviations.
¢ Excludes single-parent families.

consistent with reports for Canada Geese (Rav-
eling 1970) and Greater White-fronted Geese
(Anser albifrons; Boyd 1953). Physical contact oc-
curred in <15% of all conflicts, indicating that
there is an awareness of status and that threats
usually suffice to reinforce rank (Raveling 1970).
Fights that did occur were usually among closely
ranked groups (Gregoire unpubl. data). Any
group that initiated an interaction was likely to
be successful; even lone juveniles had at least
a 75% success rate in interactions that they ini-
tiated. Boyd (1953) found a 93% success rate
among individual Greater White-fronted Geese
that initiated interactions. Presumably geese are
able to identify and evaluate social groups be-
fore challenging them.

Single-parent families with one adult and one
juvenile were able to dominate pairs. Intuitive-
ly, we expected that two adults would dominate
an adult with a juvenile because unattached
adults clearly dominated unattached juveniles
(Boyd 1953, Hanson 1953, Raveling 1970, Gre-
goire 1985). We suggest that the presence of

offspring stimulates parent Snow Geese to be
more aggressive, making them more likely to
win an encounter. The trend for larger families
to initiate more interactions and to be more
successful overall than smaller families also
provided evidence that the brood (and brood
size) is a stimulus that motivates parents. Par-
ents initiated most interactions (Table 5). Han-
son (1953) first proposed that presence of the
brood stimulates Canada Goose parents and
stated that strength of the stimulus may be pro-
portional to brood size. Raveling (1970) argued
that success in aggression decreased immedi-
ately upon separation, and increased upon re-
unification, of family members. Hanson (1953)
and Raveling (1970) proposed that higher hor-
mone levels may be responsible for more in-
tense displays of parents. There is a positive
relationship of hormonal production with ag-
gressive behavior and social rank (see reviews
by Hinde 1973, Balthazart 1983). Parent geese
may be more aggressive to enhance the survival
and competitive ability of their offspring.



July 1990]

Crippled geese and single-parent families.—Crip-
pled lone adults and pairs with a crippled adult
won fewer interactions against their uninjured
counterparts, which may be related directly to
the injury. Leg injuries restricted mobility and
made it more difficult for a goose to strike back
and defend food or its individual space. Most
crippled geese were observed alone (Gregoire
unpubl. data), and those with mates had diffi-
culty keeping up with them. Crippled adults
are more likely to become separated from mates
and less adamant in defense of prospective
mates.

Adults of single-parent families were in-
volved in more interactions than were adults
in two-parent families. A greater effort by the
single parent appeared to compensate for a
missing mate because rate of involvement of
their offspring in aggressive encounters was
similar to that of juveniles in other family
groups, except during spring migration. Single-
parent families were as successful in aggressive
interactions as small family groups, which in-
dicates compensation for loss of a parent. What
influence the sex of the single parent or the size
of the brood had on their behavior is unknown.

Social group costs and benefits. —Family groups
(including S P Fam) benefited from their more
aggressive behavior by taking over food patches
from nonfamily groups. They protected their
food patches from intruding conspecifics more
successfully. Also, family groups defended their
individual space more successfully. This stress-
es the value of a parent to juveniles with respect
to access to food and space, and freedom from
conspecific interference. Nonfamily groups, es-
pecially lone juveniles, initiated less than one
third of the interactions in which they were
involved. This indicates that they were the in-
dividuals being attacked and displaced. Lone
juveniles were attacked when too close to other
social groups, and they often had their food
stolen. Juveniles in families were involved in
fewer interactions than were Lone Juveniles and
were more free from conspecific interference.
Juveniles in families were often aided by their
parents when they attacked or were attacked by
conspecifics. We did not determine whether lone
juveniles have lower body mass and are less
likely to breed successfully than are juveniles
in families.

Parents of Canada Geese (Raveling 1970) and
Greater White-fronted Geese (Boyd 1953) par-
ticipated in more conflicts than did their off-
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Fig. 2. Intensity of aggressive behavior of Snow
Geese by habitat type (* = P < 0.05; ** = P < 0.01).
There were 257 events in marsh, 381 in rice fields,
and 1,465 in corn fields.

spring, and most conflicts involved the male.
Our findings corroborate this as we also found
greater parental involvement, particularly by
one parent, in interactions initiated by Snow
Geese. Snow Goose families on the wintering
grounds were also involved in more aggressive
interactions than most nonfamily groups. Be-
cause parents were involved in most encoun-
ters, this may reflect the parents” investment in
their offspring. Lone adults and pairs with no
young to protect were less aggressive.

Family members initiated 75% of all inter-
actions, and we believe this is representative of
the entire Snow Goose population. Therefore,
the proportion and frequency of interactions
observed per juvenile bird (Table 5) implies that
juveniles in larger families, in salt marshes and
rice fields, may have benefited by fewer con-
flicts per individual than juveniles in smaller
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families did. Perhaps because smaller social
groups actively avoided larger families, more
time is available for other activities, such as
feeding, resting, and preening by juveniles in
large families.

The proportion of interactions per juvenile
in families feeding in corn fields decreased as
family size increased (Table 5). Larger families
were involved in more conflicts so that we ob-
served no difference in the frequency of inter-
actions per individual among family groups.
The high level of activity in corn fields may
have contributed to confusion, making it more
difficult for a bird to identify another bird’s
status.

The frequency of encounters increased with
brood size in wintering Canada Geese (Ravel-
ing 1970) but not in Snow Geese. The lower
frequency of encounters we observed for larger
families may be related to a poor Snow Goose
breeding season in 1983 (Anonymous 1983),
which resulted in few large families to compete
with each other.

Aggression and habitat type.—Several factors
may be responsible for the higher frequency of
aggressive interactions in corn fields than in
marshes and rice fields. First, cobs of corn and
clumps of loose kernels are a patchy food re-
source, which all groups vigorously defended.
Raveling (1970) observed more conflicts among
Canada Geese in an area where food was con-
centrated and noted that aggressive encounters
in winter corn fields were so frequent that they
were impossible to record accurately. Second,
waste corn (unlike rhizomes in marsh habitat)
was visible at the ground surface, and provided
astimulus which apparently promoted attempts
of birds to steal from each other. Geese depleted
patches quickly and moved frequently in search
of other food. Third, the birds were on spring
migration, a time when they must acquire suf-
ficient nutrient reserves to breed (Ankney 1982).
Time of year may be only partially responsible
for the high rate of aggression. Raveling (1970)
reported a high frequency of conflicts in corn
fields during winter. We found no evidence
that frequency of aggression (in corn fields) in-
creased during spring migration (Gregoire un-
publ. data).

Geese showed more aggressive interactions
in rice fields than in marshes. Although feeding
areas in salt marshes were vigorously defended,
the birds were more dispersed than in other
habitats, and the uneven terrain restricted their
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movements. This reduced opportunity for con-
tacts and consequent aggression. The food
patches in marshes were not quickly depleted,
and geese stayed in one spot for periods up to
20 min or more. Although food (green vege-
tation; Alisauskas et al. 1988) was not distrib-
uted patchily in rice fields, the substrate was
flat and the geese were closely spaced and moved
continually (Gregoire 1985). This provided more
opportunity for aggressive interactions.

Geese in salt marshes fought more. They were
reluctant to give up their food patches to in-
truders. Geese often fed in one spot for long
periods. They grubbed and pulled rhizomes to
the ground surface, which opened the area, and
facilitated access to other rhizomes. Although
food patches were defended in corn fields, corn
was readily available at the ground surface ob-
viating any investment to make the resource
accessible. Geese in rice fields primarily grazed
upon evenly distributed grass shoots, which re-
duced the potential for food-related confron-
tations. The low number of attempted pecks, a
weak form of aggression, may be related to the
nature of the salt marsh substrate. It was easier
to avoid pecks in rice and corn fields, and at-
tempted pecks were less successful in those hab-
itats.

Spring migration.—The frequency and success
in aggressive interactions for pairs increased in
spring. Males become more protective of their
mates upon breakup of the family in spring
(Jenkins 1944) and chase potential rivals. This
protection may allow the female to acquire the
nutrient reserves needed to breed successfully
(Ankney and Maclnnes 1978). The high level
of aggression by paired geese during spring mi-
gration may involve some geese which had re-
cently formed pair bonds (Raveling 1970). The
higher frequency of aggressive interactions ob-
served in all social groups in corn fields, as com-
pared with salt marshes and rice fields, ap-
peared to be more a function of the habitat type
than of time of year.

Within-group aggression.—Raveling (1970) ob-
served within-family aggression in Canada
Geese and noted that pecks were less forceful
and not followed by escape or attack behavior.
We found similar conditions in Snow Geese.
Aggression among group members was restrict-
ed and often appeared to serve a disciplinary
role. Within-group aggression and fighting
among group members occurred only in coastal
marshes and corn fields, where food was dis-
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tributed unevenly. We suggest that habitat type
and nature of the food resource influence
aggression among Snow Geese.

Dominance and aggression play an important
role in the social life of Snow Geese. Juveniles
clearly benefited by remaining in families, as
parents assumed the protective role and were
involved in more interactions than were their
offspring or nonfamily groups. Individuals in
larger, more dominant families may benefit
from fewer interactions than individuals in
smaller families. We also suggest that the type
of habitat (particularly the distribution of food)
influences frequency and intensity of aggres-
sion.
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[The following is the complete listing of what we would consider ““regular articles.” Of 28
“General Notes,” 20 were on range extensions or new local records. We at least improved the
variety of our journal.—Ed.]

AN ACCOUNT OF FLAMINGOES (PHOENICOPTERUS RUBER) OBSERVED IN THE VICINITY OF CAPE SABLE, FLORIDA. By W.
E. D. Scott.

CaPE CoD BIrRD NoTEs. By G. S. Miller, Jr.

ADDITIONAL NOTES ON THE BIRDS OF ONEIDA COUNTY, NEW YORK. By William and Egbert Bagg.

NOTES ON THE NESTING HABITS OF SEVERAL BIRDS AT SAN Josg, CosTA RicA. By George K. Cherie.

NOTES ON THE FRINGILLIDAE OF WESTERN ILLINOIS. By Otho C. Poling.

DESCRIPTIONS OF A NEW SPECIES AND THREE NEW SUBSPECIES OF BIRDS FROM ARIZONA. By Dr. Edgar A. Mearns,
U.s.A.

OBSERVATIONS ON THE AVIFAUNA OF PORTIONS OF ARIZONA. By Dr. Edgar A. Mearns, U.S.A.

Two SPECIES OF SWALLOW NEW TO NORTH AMERICA. By W. E. D. Scott.

A LisT OF BIRDS OBSERVED AT SANTAREM, BRAZIL. By Clarence B. Riker.



