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Abstract

The western Canada goose (Branta canadensis moffitti) was divided into a Rocky Mountain
population (RMP) and a Pacific population (PP) on the basis of band recovery patterns examined

in this study and recovery data from other investigators. Habitat information obtained from nine

cooperating wildlife agencies within the RMP's range provided a base line for evaluating future

changes in nesting, molting, and wintering areas. The habitat inventory indicated that none of

the seasonal habitats were currently limiting the size of the RMP. The RMP's range is divided

into 15 reference areas and these are briefly described. Past studies of Canada geese in the Inter-

mountain Region are reviewed. Topics covered in the discussion of breeding biology are nesting

chronology, spring population composition, breeding age, clutch size, nesting success, artificial

nesting structures, and gosling survival. Much of the mortality of Canada geese occurs before the

birds are fledged. Man-made nesting structures reduce losses during incubation, but research is

needed on the relations between brooding sites and gosling survival. Some western Canada geese,

mainly prebreeders and unsuccessful nesters, make molt migrations to and from molting areas

during and after the brood-rearing season. More than half of these molt-migrants are yearlings

too young to nest; there are indications that even some successful nesters leave nesting areas to

molt before the fledging of their offspring. Geese 2 years old or older may serve as guides to tradi-

tional molting areas for the first-time migrants (i.e., yearlings). Lack of disturbance appears to

influence selection of specific molting areas within the nesting range of moffitti, whereas move-
ments of molters out of the Intermountain Region may be related to the evolution of this sub-

species. Apparently, molters of both the PP and RMP that leave the Region go to the Northwest

Territories of Canada. Although the taxonomic status of moffitti as related to the giant Canada
goose [B. c. maxima) is unclear, these two subspecies are closely related, as evidenced by similar

molt migrations to subarctic Canada, similar blood serum proteins, and only clinal differences in

body sizejind color. Mean annual survival rates for birds banded on nesting areas averaged

53 ± 2% (X ± SE) for immatures and 64 ± 1% for adults. Mean annual survival rates of adults

captured on molting areas averaged 70 ± 1%. Sport hunting accounts for more than 86% of the

mortality of fledged Rocky Mountain geese, and hunting may limit the population's growth.

Because the number of waterfowl hunters in the Rocky Mountain West is increasing, the con-

tinued expansion or future maintenance of the RMP may require more restrictive hunting regu-

lations. Other management recommendations include the refinement and standardization of

spring and winter aerial surveys, and more accurate age and sex determinations when geese are

banded and color-marked.

A contribution of the Idaho Cooperative Wildlife Research Game through the Idaho Cooperative Wildlife Research
Unit which is jointly supported by the U.S. Fish and Wildlife Unit. The remaining 2'/2 years of work were funded by U.S.

Service, Idaho Department of Fish and Game, Wildlife Fish and Wildlife Service, Contract Number 14-16-0008-

Management Institute, and the University of Idaho (College 2084.

of Forestry, Wildlife and Range Sciences). Contribution 155

of the University of Idaho's Forest, Wildlife and Range 2Present address: Office of Biological Services, Fish and
Experiment Station. Financial support for the first year of Wildlife Service, U.S. Department of the Interior,

study was provided by the Idaho Department of Fish and Washington, D.C. 20240.



Introduction

This publication presents local and regional infor-

mation useful in understanding Canada geese (Branta

canadensis) in the Intermountain Region. Agencies

responsible for the management of wild geese in the

Rocky Mountain West have collected a wide range of

information for more than 25 years; these data have

not previously been assembled and analyzed.

Prehistorical information on Canada geese and their

habitats in western North America is meager. Bedwell

(1973:60) reported finding waterfowl remains, in-

cluding those of geese, in caves used by early humans
in a now dry basin with ancient lakeshore terraces, in

south-central Oregon. The locations of 68 Pleistocene

lakes in what now is the semiarid Great Basin were

plotted by Meinzer (1922:550-552); these bodies of

water ranged in size from a few square miles to the

thousands of square miles of Lake Bonneville in north-

ern Utah and Lake Lahontan in western Nevada. Al-

though the sizes and numbers of lakes varied through

time as climate fluctuated, there is no doubt that

extensive waterfowl habitat once existed throughout

the Great Basin.

Canada geese inhabited the Pleistocene marshes of

the West. Loud and Harrington (1929:35) unearthed

bones of three goose species from pre-European

deposits in Lovelock Cave, Nevada, near Humboldt
Sink (a remnant of Lake Lahontan). More remarkable,

however, was their discovery of stuffed goose heads

which were presumably used as decoys; nine stuffed

goose heads were found, of which eight were from

Canada geese (Loud and Harrington 1929:49). Work-
ing in the same area, Brooks (1956:107, 112) found the

remains of nine geese of four species (including two

Canada geese) in Humboldt Cave and concluded that

these remains were left by early humans.

Geese of the genus Branta have existed in what now
is the western United States since at least the lower

Pliocene (Miller and Ashley 1934). The great Pleisto-

cene lakes and marshes may have been the habitat

centers in which the western subspecies of the Canada
goose (B. c. moffitti) evolved. Unfortunately, present

archaeological data are too scanty to support or refute

this speculation. Because bird bones are fragile and
thus poorly represented in the fossil record and Indian

middens, our understanding of the evolution of

Canada geese will probably always remain incomplete.

The first white explorers of the West found Canada

geese widely distributed and extremely abundant in

some areas. In their expedition of 1804-06, Lewis and

Clark frequently noted Canada geese during their

travels through the drainages of the upper Missouri

and lower Columbia rivers (Burroughs 1961:193-195).

Trapper Osborne Russell reported that his party shot

geese on 29 August 1838 on the hot springs at what

now is West Thumb in Yellowstone National Park
(Haines 1955:105). Russell also noted "myriads" of

geese at the mouth of the Bear River on Great Salt

Lake on 2 April 1842 (Haines 1955:125).

Not all areas of the West supported the numbers of

Canada geese found there today. Yocom (1962) sug-

gested that geese did not nest on the Snake River in

Washington or along the lower Columbia River before

Caucasian settlement. He attributed their establish-

ment and increase in those areas to a number of fac-

tors, including the increasing availability of food that

resulted from agriculture, and protection from
hunting.

Today the western Canada goose nests over an
extensive region ranging in latitude from central

Alberta and British Columbia south to northern Cali-

fornia, southern Utah, and east-central Arizona (the

Arizona flock was transplanted). Longitudinally, B. c.

moffitti breeds from the Cascade Mountains east

across the Continental Divide into central Montana,
central Wyoming, and Alberta. It has long been sus-

pected that a number of populations, each with rela-

tively separate breeding and wintering ranges, occu-

pied this vast area. Hansen (1968:46) defined the

nesting range of one such population of the western

Canada goose, the so-called Great Basin population, as

consisting of "a loose aggregation of numerous iso-

lated flocks in Utah, Idaho, Colorado, Wyoming,
Montana, and Alberta. ..." The wintering range of

this population, as illustrated by Hansen (1968:46),

covers the lower Colorado River in Arizona, California,

and Nevada; central Arizona; and the Salton Sea area

in southern California.

A major contribution of the present investigation

was a delineation of the Canada goose population

inhabiting the Rocky Mountain Region west of central

Colorado. Since the "Great Basin population" was

found to live in a region much larger than the Great

Basin, and since the population's breeding range runs

along both sides of the Rocky Mountains, the term

Great Basin was dropped in favor of Rocky Mountain.

The reader should not confuse the Rocky Mountain

population (RMP) of the present report with the inade-

quately defined Intermountain Flyway discussed by

Williams (1967:6-7), nor with the Intermountain popu-

lation of Bellrose (1976:145, 152-53). Bellrose's popu-

lation was too broadly delimited and more closely cor-

responded to the entire range of B. c. moffitti.

Management Needs

In 1955 a marked decrease was noted in what was

then termed the Great Basin population. This decline

was thought to be caused by both excessive hunting

and weather unfavorable to nesting (Nagel and Wrake-

straw 1968:117). Management agencies responded to



this decrease by significantly shortened hunting

seasons, and although hunting was liberalized some-

what in 1962, seasons have remained relatively con-

servative ever since the 1955 decline.

To more closely monitor these geese and prevent

future declines, State and Federal agencies formed the

Great Basin Canada Goose Subcommittee (GBCGS) in

1958. This Subcommittee, which has remained active,

consists of one biologist from each of eight States-

Arizona, California, Colorado, Idaho, Montana,

Nevada, Utah, and Wyoming—plus representatives

from the Province of Alberta and the U.S. Fish and

Wildlife Service (FWS). The GBCGS meets at least

once each year, in late June or early July, to review the

status of Canada geese in the Rocky Mountain Region.

Subcommittee recommendations concerning the hunt-

ing and management of this population go to the

Waterfowl Councils of the Pacific and Central flyways

by way of the Pacific and Central Flyway Technical

ommittees. The Councils, representing State wildlife

agencies in both flyways, annually make management
recommendations to FWS.
The GBCGS estimated that the population should

be maintained at a posthunting level of at least 50,000

geese. Unfortunately, the breeding and wintering

ranges of the population were never clearly defined,

nor was the population goal based on estimates of the

capacities of available habitats to support Canada

geese.

State, Provincial, and Federal wildlife personnel

responsible for Canada geese in the Intermountain

West have amassed a variety of information since the

1950's. Types of data collected include (1) bandings at

various times of the year, (2) counts during the breed-

ing season, and (3) censuses of migrating and winter-

ing birds. In addition, the nesting biology of the

western Canada goose has been extensively studied.

This information is scattered in various scientific jour-

nals, filed in unpublished agency reports, and stored

on computer tapes. Many of the data are not readily

accessible to wildlife managers and other interested

persons. In the present report, we attempt to organize

and present some of the information pertinent to the

consumptive use of the Canada goose resource in the

Intermountain Region.

Study Objectives

Specific objectives to meet the management needs

outlined above were (1) to evaluate distributional pat-

terns and estimate survival rates based on band recov-

eries; and (2) to classify and inventory breeding,

molting, and wintering areas and assess the capacities

of these areas to support the RMP at a posthunting

season level of 50,000 birds.

Definitions and Methods

Banding Records

Banding records and a habitat inventory provided

most of the information for this report. Following is an

alphabetical listing of terms used in reference to the

banding data; some are also used in conjunction with

the habitat inventory.

Banding Definitions

Adult. —A Canada goose at least 1 year old. Adults

banded during the preseason period on nesting areas

are assumed to be local breeders. Adults banded on

molting areas are assumed to be nonbreeders.

Band reporting rate. —The proportion of goose bands

encountered that are reported to the FWS Bird Band-

ing Laboratory, Office of Migratory Bird Manage-

ment, Laurel, Maryland. For example, if 10 bands were

encountered but only 5 reported, the band-reporting

rate was 0.5 (i.e., 5/10= 0.5).

Breeders. —Adult geese associated with goslings on

a specific nesting area. Geese captured during the fall,

winter, or spring were considered "age undetermined,"

since many of the birds, even if recorded as adults by

banders, were less than 1 year old.

Crippling rate.—The fraction of the total hunter kill

that is lost as cripples; crippling rate equals the unre-

trieved kill divided by the total number of birds shot

down by hunters (retrieved and unretrieved).

Direct recovery.—A preseason-banded goose re-

ported encountered during the first hunting season

after banding. Direct recoveries of breeders or molters

were usually made in only one direction—southward—

from the banding locality, whereas first-hunting-

season recoveries of geese banded after the hunting

season could have moved northward, as well as south-

ward, before recovery. Consequently, all recoveries

from postseason bandings are indirect recoveries (see

definition below).

Direct recovery rate.—The quotient of the number of

direct recoveries divided by the number of geese

banded before the hunting season, expressed as a per-

centage (i.e., 10/100X100=10%). We realize that

Brownie et al. (1978: 20) considered direct recovery

rates to be inefficient estimators of first-year recovery

rates and did not recommend their use. However, we
selected the "old" definition because of the ease with

which weighted averages could be calculated; further-

more, we generally found only small differences be-

tween our mean direct recovery rates and the recovery

rates obtained by use of the methods in Brownie et al.

(1978).

Flock.—The Canada geese inhabiting a specific

nesting, molting, or wintering area.



Hunting season.—The dates of legal hunting for

Canada geese which varied among areas and years. In

the Intermountain Region the earliest seasons have

been in Alberta, Canada (September), and the latest in

California (January). Thus, a hunting season recovery

was defined as a banded goose reported shot or found

dead (assumed to have been shot) between 1 Sep-

tember and 31 January.

Indirect recovery.—A goose banded preseason and

reported encountered during a hunting season subse-

quent to the season immediately following the band-

ing, or banded during or after the season and later

recovered.

Inseason banding.—Geese banded within the hunt-

ing season. Generally, geese banded during this period

are migrating and thus cannot be directly related to

any specific nesting or wintering area.

Locals.—Goslings believed to have hatched on the

nesting area where banded. Locals have not yet at-

tained the flight stage when captured; adults caught

with these locals are the presumed parents.

Molter.—A yearling or older bird that is unable to fly

at the time it is banded, because its flight feathers are

being replaced. Molting flocks are distinguished from

breeding flocks in that they consist mainly of non-

breeding birds and cannot be positively assigned as

originating from specific nesting areas.

Nonbreeder.—A yearling or older Canada goose

either physiologically or psychologically unable to

nest.

Population.—A unit of Canada geese consisting of

the same subspecies and made up of birds with inter-

related nesting and wintering ranges. The population

is the major management unit and, if a subspecies is

divided into more than one population, wintering as

well as nesting ranges must be distinct.

Postseason.—The period between the end of the

hunting season and the start of the spring migration

(generally February). Birds banded in this interval are

usually caught on their wintering area.

Prebreeder.—A subadult Canada goose that is too

young to nest—generally a yearling or 2-year-old (some

2-year-olds nest).

Preseason. —The season following the spring migra-

tion but preceding the hunting season (generally it

lasts from April through August).

Recovery axis. —The line formed when the clumps of

indirect recoveries from preseason bandings in a

region are connected. Indirect recoveries tended to

occur in three clumps as follows: southern Canada,

banding region, and wintering regions.

Reference area.—One of 15 geographic units (Appen-

dix A) into which the Intermountain Region was di-

vided to facilitate the presentation of our data. Ref-

erence areas were defined on the basis of similarity in

band recovery distributions. Reference areas are capi-

talized as proper nouns throughout this report to dis-

tinguish them from more general geographical areas.

Region.—Refers, when capitalized, to the 15 ref-

erence areas constituting the range of the RMP (i.e.,

Rocky Mountain Region).

Relative recovery rate.—A rate calculated by
dividing the direct recovery rate of one age and sex

class into the direct recovery rate of a different age
and sex class. Direct recovery rates included only

geese reported shot, and thus relative recovery rates

are an expression of the degree to which vulnerability

to gunning differs between age and sex classes.

Total recovery rate. —The number of geese banded
during a given time period divided into the total

number of recoveries. The total recovery rate is the

sum of the direct and indirect recovery rates.

Data Source and Analysis

Banding and recovery data were obtained on com-

puter tapes from the FWS Bird Banding Laboratory.

Bandings covered the years 1938-73 and recoveries the

period from January 1938 through August 1974 (i.e.,

recoveries through the 1973-74 hunting season). Band-
ings and recoveries used in this report were limited to

normal, wild Canada geese; experimental birds, such

as transplanted or color-marked geese, were excluded.

Bandings were of three general types: (1) preseason

banding of breeders and locals on nesting areas, (2)

preseason banding of adults on molting areas, and (3)

fall-winter-spring bandings of all ages, cannon-netted

on migration and wintering areas. All adults captured

on areas with both types of preseason bandings during

the same years were considered molters— i.e., type (2).

The distribution of recovery locations for geese

banded preseason on individual nesting and molting

areas provided the basis for delineating reference

areas. Illustrations showing recovery distributions by
reference areas are given in Appendix B. Data were

combined for banding years. Recoveries from pre-

season bandings were separated into direct and in-

direct recoveries to enable us to study movements of

molters. Recoveries from geese captured on nesting

areas were not divided into age- sex classes, since we
assumed that Canada geese migrate south from breed-

ing areas as families, and family-like groups (i.e., gos-

lings raised in gang broods). Recoveries from inseason

and postseason bandings were pooled by age, sex, and

years of banding and recovery.

Most banding records related to geese caught on

nesting areas. In terms of relating breeding and

wintering areas, and thus defining reference areas and

populations, these records provided the most useful

type of data. Recovery distributions from bandings on

migration and wintering areas were used to check the

breeding-wintering ground relations observed from

summer banding of breeders. Molting areas are often



used by geese originating from many nesting areas.

Thus, recoveries from banded molters were generally

more widespread and hence of little use in defining ref-

erence areas or populations.

If geese banded in substantial numbers at A were

not reported shot in areas where birds banded at B
were recovered, it was assumed that geese from area A
did not winter at, or migrate through, the locations

used by birds from B (and vice versa). This was the

basis for delineating migration and wintering areas

used by Canada geese from individual nesting areas.

Survival rates of adults were estimated with four

models, involving various assumptions regarding con-

stant versus year-specific survival (and recovery) rates

(see Brownie et al. 1978:13-55). We termed these

models, collectively, the Adult Method. This method is

specifically designed to be used with age-independent

data (i.e., adults). In contrast, the method that we
termed the Young-Adult Method is age-dependent and
consists of six models for estimating immature and
adult survival (and recovery) rates from banding data

that must include samples of two distinct age classes

(see Brownie et al. 1978:56-115). Both methods are su-

perior to life table calculations of mortality because,

among other advantages, they are based on sound

mathematical theory, estimate variances, and have

realistic and testable assumptions (Brownie et al.

1978:170). Computer programs provided by FWS,
Laurel, Maryland, were used to calculate adult and
young-adult survival estimates (i.e., programs
ESTIMATE and brownie, respectively).

Samples of bandings and recoveries were generally

too small to enable us to adequately estimate survival

rates by sex, individual years, or reference areas (i.e.,

estimates had high variances). Thus, only average

annual survival rates for sexes combined and those ref-

erence areas best represented by bandings are pre-

sented here.

Habitat Inventory

This section includes a listing, in alphabetical order,

of terms used in the habitat inventory, followed by a

discussion of inventory methods.

Habitat Definitions

Area. —A unit of water or part of a drainage used by
nesting, molting, or wintering Canada geese. Areas
were classified as one of six habitat types and infor-

mation for each area was generally recorded on one
form (sometimes data for similar areas were com-
bined).

Brooding site. —That portion of a nesting area where
goose families feed and loaf, such as pastures adjacent

to rivers or marshes.

Feeding site.—That portion of a wintering area

where geese move to feed, such as agricultural fields or

reservoir shorelines.

Flooded bottomland. —A river valley that floods

because the gradient is low; most geese nest on ele-

vated sites in oxbows, pastures, marshes, or meadows
adjacent to the main river channel.

Lake.'—Natural body of standing, open water that

has a nearly constant water level over which man
asserts little or no control.

Loafing site. —The portion of a wintering area where

geese rest; generally an extensive open area such as a

large reservoir, sandbar, or mud flat that is relatively

free from human disturbance.

Nesting site.—Portions of a nesting area where

geese nest, such as islands in lakes or rivers or high

ground and elevated vegetation in bottomlands,

impoundments, and marshes.

Marsh.—A natural, shallow-water area with most of

its surface covered by emergent vegetation during the

growing season.

Reservoir.—A man-made body of standing, open

water not specifically constructed or managed for

waterfowl; water levels can fluctuate greatly due to

man's control.

River. —A natural body of free-flowing water; most
geese nest on islands. Data for rivers and flooded

bottomlands were recorded by sections as defined

during previous surveys, segments based on physical

differences, or sections divided by reference area

boundaries.

Waterfowl impoundment.—An area of open water

and emergent vegetation, usually with dikes and water

control structures, built and managed for waterfowl.

Data Source and Analysis

It was not feasible to survey all areas that could be,

or had been, used by geese in the Rocky Mountain

Region. Consequently, the inventory was limited to

the areas known to be used by nesting, molting, or

wintering Canada geese in the early 1970's. Although

an attempt was made to include all such areas, the

inventory undoubtedly was incomplete. The major limi-

tations of this inventory are that the percentages of

habitats sampled probably differ between reference

areas, and exceptionally large areas, mostly of mar-

ginal value to geese, exaggerated the quantity of goose

habitat present in some reference areas.

Inventory development included a literature review,

tours, and discussions with cooperators. Once a

system was agreed upon, instructions and forms were

sent out in January 1976. Persons in wildlife agencies

most familiar with each unit of habitat furnished the

required information. Areas were assigned to one of

three groups: flooded bottomlands and rivers, lakes



and reservoirs, and marshes and waterfowl impound-

ments. In addition to habitat type, data collected in-

cluded habitat amount, use by geese, anticipated

habitat changes, principal managers, and hunting

status.

The amounts of habitats were recorded in miles for

bottomlands and rivers and in acres for the other four

types of habitat. The main channels of bottomlands

and rivers were measured to the nearest mile, and the

areas of lakes and reservoirs were determined to the

nearest acre of open water. Measurements of large

bodies of water, only parts of which were used by

geese, were limited to the portions most heavily used.

For example, since molters concentrate in the south-

eastern arm of Yellowstone Lake, only the area of that

arm was included. Marshes and impoundments were

measured in acres of open water and emergent vege-

tation, excluding mud and salt flats. Generally, sizes

of managed areas were provided by cooperators; the

acres and miles of unmanaged areas were measured on

U.S. Geological Survey maps at scales of 1:62,500 or

1:24,000.

The use of breeding areas by geese was evaluated in

terms of numbers of nesting pairs, the use of molting

areas according to the numbers of molters (excluding

local nesters and their young), and the use of wintering

areas in terms of numbers of geese present during Jan-

uary. Specifically, the number of geese using an area

was recorded according to (1) the 5-year mean for 1971-

75, and (2) the maximum number ever counted. We
considered the mean as the use index, to avoid select-

ing a year of exceptionally high or low use. The maxi-

mum number, combined with a question to determine

whether an area had deteriorated since the peak was

noted, was used to estimate the potential of an area to

support geese. The preceding does not apply to South-

ern Alberta, where data were available for only 1 year

for most nesting areas.

The number of nesting pairs per area was based on
either ground or aerial surveys conducted by the

respective management agencies. Ground searches

probably slightly underestimate the true number of

nests, whereas aerial counts of pairs as an index to

nests could be biased either high or low, primarily be-

cause of variations among observers and in visibility.

Limited data suggested that, to avoid overestimating

the breeding population, the number of pairs counted

from the air should be used as an estimator of nests,

rather than "indicated breeding pairs" (Table 1). Gen-

erally, the use of molting areas was estimated from
aerial counts or banding operations. Wintering goose

populations were estimated by counts from the Mid-

winter Waterfowl Inventory, coordinated annually by
FWS.
To assess the degree of protection from hunting, we

listed each State and Federal wildlife area used by
Canada geese in terms of its being closed, partly open,

or totally open to Canada goose hunting during the

1975-76 season.

Description of Reference Areas

The RMP of the western Canada goose is associated

with about 597,237 square miles, subdivided into 15

reference areas (Fig. 1). Precise definitions of the 15

reference areas, based on counties, are given in Appen-

dix A. Following is a discussion of some characteris-

tics of the reference areas. Attention is given to cli-

mate, land use, and human population sizes. A brief

review of Canada goose studies done in the Rocky
Mountain Region and some adjacent areas is also pre-

sented. To help in later discussions of band recovery

distributions, we identify areas where transplanted

geese are now established.

Table 1. Comparison of the mean number of breeding Canada geese censused from the air and ground on 16

nesting areas in Idaho and Wyoming, 1971-75 (X ± SD; Data from Idaho Department of Fish and Game, and

Wyoming Game and Fish Department).



REFERENCE AREAS
l=Southern Alberta

2=Central Montana
3 = Southeastern Idaho
4= Western Wyoming
5=Central Wyoming
6= Northwestern Colorado
7 = Northern Utah
8=Southern Utah

9= Northeastern Nevada
10= Northwestern Nevada
1 1 =Southern Nevada
12=Central California

13= Southern California

14 = Western Arizona

15 = Eastern Arizona

Fig. 1. Reference areas defined by the Rocky Mountain
Canada goose study.

Southern Alberta

This reference area, which covers about 24,000

square miles, is a portion of the southern third of the

Province lying between the Rocky Mountains and the

Saskatchewan border. Most of the land is 2,500 to

3,500 feet above mean sea level. Rivers are incised 200

to 400 feet into the Alberta Plain, which originally was
an extensive and unbroken grassland. The northern

end of the reference area is within the southern exten-

sion of the aspen (Populus spp.) parkland. The land is

now largely devoted to agriculture, especially to grain

farming and cattle ranching. Numerous reservoirs

have been constructed throughout the southern

portion of the Province, mainly from the 1940's

through the mid-1950's.

The boundaries of this reference area are subject to

revision as more data become available. In estab-

lishing the eastern boundary, we attempted to sepa-

rate the nesting ranges of the RMP and the Highline

Canada goose population (HLP), which lies imme-

diately east of the Rocky Mountain Region. Also,

Canada geese nest west of longitude 114°W, the

western side of the reference area, and north of lati-

tude 52 °N, the northern boundary. The numbers and
wintering grounds of breeders north and west of the

reference area are unknown, but the highest nesting

densities occur within the boundaries as herein defined

(H. R. Weaver, personal communication).

A number of studies of geese have been made in the

southern Alberta reference area. Vermeer (1970)

studied nesting Canada geese on Lake Newell in the

east-central part of Southern Alberta, and on Dowling
Lake (Highline geese). Ewaschuk and Boag (1972)

investigated the factors influencing densely nesting

geese on an island in Dowling Lake. Surrendi (1970)

studied the behavior and survival of flightless geese

moved from their natal lakes near Brooks to lakes in

the vicinity of Hanna. The relocating of Brooks-area

geese to the north, conducted by the Alberta Fish and
Wildlife Division and Ducks Unlimited (Canada), is

continuing; 1,975 birds were transplanted to 27 loca-

tions during 1963-75. The 1,461 birds transplanted

before 1972 were all goslings, whereas adults were
moved with the young in 1972-75 in an attempt to

reduce hunting losses (H. R. Weaver, personal com-
munication). A 3-year survey of goose nesting popu-

lations throughout southern Alberta was completed in

1975 by the Alberta Fish and Wildlife Division

(D. Cole, personal communication).

Central Montana

Almost all of Central Montana is situated east of the

Continental Divide and immediately south of Southern
Alberta. This reference area of more than 47,500

square miles has a small human population which is

slowly increasing (Table 2). The nesting ranges of the

RMP and HLP merge along the eastern edge of

Central Montana; the collection of additional data may
lead to changes in the location of the eastern bound-
ary.

The appearance and land use of the northern half of

Central Montana are similar to those of Southern
Alberta. However, the climate is drier and agriculture

is less intensive; more land is being used to raise cattle

than grain. Thousands of small stock ponds have been
built in the northern part of this region during the past

40 years. McCarthy (1973) documented the nesting re-

sponse of Highline geese to islands in stockponds in

north-central Montana. Also working with Highline

birds, Hinz (1974) studied the seasonal distribution

and activities of geese along the lower Yellowstone
River in eastern Montana.

Freezout Lake, a State waterfowl management area

(WMA), is the major production area in Central Mon-
tana. Hook (1973) investigated the nesting ecology of
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and wildlife refuges. Cattle ranching is the main agri-

cultural activity.

In 1947, Craighead and Craighead (1949) docu-

mented the number, distribution, and productivity of

Canada geese nesting along 40 miles of the South Fork
of the Snake River below Jackson Lake. The nesting,

molting, migration, and population dynamics of geese

of Jackson Hole, a high mountain valley which in-

cludes Jackson Lake and the upper Snake River in

Wyoming, were later investigated by Dimmick (1968).

The upper Bear River, about 160 miles south of

Jackson Hole, supports the largest goose breeding

flock in Western Wyoming. Appel (1969) and Saul

(1970) documented the use of man-made nesting struc-

tures by geese along the Bear River in Wyoming and
Utah. The early status of Wyoming geese was re-

ported by Patterson and Ballou (1953). Ballou (1955)

studied the breeding biology of color-marked geese

along the Green River.

Central Wyoming

Central Wyoming is the portion of the State, ex-

cluding Yellowstone Park, between the Continental

Divide and roughly the 107th meridian. The 31,500-

square-mile region is sparsely settled. The terrain is

less mountainous than Western Wyoming. Cattle

ranching and farming are the major economic activ-

ities; the extraction of fossil fuels is becoming increas-

ingly important.

Ballou (1955) studied the nesting of color-marked

geese at Ocean Lake. Many of the nesting flocks in this

reference area, especially those at Ocean Lake and the

Big Horn River, originated from eggs and goslings

transplanted from Utah and released before they

fledged. Ballou (1957) reviewed Wyoming's goose

restoration program, which started in 1953. About 580
Canada geese were released between 1953 and 1956 on

eight areas, two in Central Wyoming (Ocean Lake and
Boysen Reservoir) and six in eastern Wyoming.

Northwestern Colorado

Northwestern Colorado, slightly more than 20,000

square miles in size, is the smallest of the 15 reference

areas. This region has a moderate-sized human popu-

lation that increased by more than 5% between 1960
and 1970 (Table 2). Most goose nesting in the region

occurs in Moffat and Routt counties. Geese trans-

planted into the southern part of this seven-county ref-

erence area have become established nesters. Between
1967 and 1969, 127 goslings artificially raised from
eggs taken along the Yampa and Little Snake rivers

were released, and subsequently nested, on the Colo-

rado River near Loma. In addition, 106 goslings were
relocated to Totten Reservoir in the extreme south-

western corner of Colorado in 1970-72. In 1969-72, 830
geese were released at North Park in north-central

Colorado. Some of these birds nested and now winter

within the ranges of both the RMP and HLP. How-
ever, most of the North Park transplants reported

shot were taken along the lower Colorado River

bordering Arizona and California (M. R. Szymczak,
personal communication).

The production of waterfowl, including Canada
geese, was studied in the Yampa River Valley by
Boeker (1953) and in Brown's Park on the Green River

by Tester (1953). Since 1952, annual estimates have
been made of the size, trend, and productivity of geese

nesting on the Yampa and Green rivers in Colorado.

Methods used by the Colorado Division of Wildlife and
early results were presented by Grieb et al. (1961).

Since 1968, F. N. Folks (personal communication),

Utah Division of Wildlife Resources, has studied the

ecology of geese throughout the year on the Green
River from Brown's Park, Utah, through Dinosaur Na-

tional Monument, Colorado and Utah.

Northern Utah

This reference area consists of 14 counties in Utah
north of Juab, Sanpete, Carbon, and Grand counties.

This is one of the most densely populated of the ref-

erence areas even though it covers more than 30,400

square miles. Northern Utah's human population in-

creased by more than 20% from 1960 to 1970 (Table 2).

The Great Salt Lake Valley is occupied by thousands
of geese. The area on the eastern edge of Great Salt

Lake is highly urbanized, but supports diversified agri-

culture.

Goose nesting (Williams and Marshall 1937) and
gosling survival (Williams and Marshall 1938) were
studied in the marshes of the Bear River delta in the

northeastern corner of Great Salt Lake. Martin (1964)

studied the behavior and survival of geese at the

Ogden Bay WMA, 15 miles south of the Bear River

Migratory Bird Refuge, from 1956 to 1958, and Dey
(1964) continued the Ogden Bay nesting studies in

1959-60. Some harvest characteristics of Utah geese,

based on analysis of about 25,000 bandings and 9,000

recoveries, were reported by Tautin and Low (1975); a

more detailed analysis of these data was given by
Tautin (1976). Most of these bandings were of geese

associated with Great Salt Lake. Arneson (1970) in-

vestigated molting geese and selected environmental

factors at Neponset Reservoir, about 80 miles north-

east of Great Salt Lake.

Southern Utah

Southern Utah is defined as the 15 Utah counties

south of the Northern Utah reference area. This is the
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third largest of the 15 regions, being more than 51,600

square miles. It is a semiarid region in which most
nesting occurs on man-made bodies of water, 4,500 to

7,000 feet in elevation, in the south-central portion of

the reference area. The productivity of these small and
scattered flocks has been surveyed annually since 1969

by the Utah Division of Wildlife Resources.

Northeastern Nevada

This 35,900-square-mile reference area is made up of

four counties in Nevada east of the 117th meridian and
south of the 39th parallel. The density of the human
population here is the lowest of the 15 reference areas,

but has increased by almost 15% between 1960 and
1970 (Table 2). Northeastern Nevada is arid; ranching

and mining are the mainstays of the economy.

No studies have been published concerning

Nevada's Canada geese.

Northwestern Nevada

Most of Nevada's population and wetlands are in the

nine counties west of longitude 117°W. Although

these 33,900 square miles of Northwestern Nevada are

not now densely populated, the number of people

increased by more than 40% from 1960 to 1970

(Table 2).

Data from molters banded at Pyramid Lake were

analyzed by W. C. Rienecker (personal communi-
cation) of the California Department of Fish and
Game.

Southern Nevada

Southern Nevada consists of the four counties south

of the previous two reference areas. This region of

40,100 square miles supports few geese. The moderate-

sized human population grew almost 110% between
1960 and 1970 (Table 2). Geese moved to the Kirsch

WMA by the Nevada Department of Fish and Game
have become successfully established; this is one of the

most southern nesting flocks in the RMP.

Central California

This reference area is made up of the 28 California

counties west of Nevada. Central California extends

from the city of Sacramento south to the Tehachapi
Mountains. In terms of size (65,500 square miles), and
1960-70 population growth (27.1%), it ranks second

and sixth, respectively, among the 15 reference areas

(Table 2). Agriculture is a major land use and eco-

nomic activity in Central California, especially in the

San Joaquin Valley. Numerous reservoirs were built in

this region, mostly during the late 1800's to early

1900's and during the late 1950's to early 1960's.

No major technical studies of the geese in this ref-

erence area have been published except for the early

taxonomic research by Swarth (1913).

Sou them California

The six southern counties in California make up this

40,700-square-mile reference area. The human popu-

lation is concentrated along the coast and relatively

few people live inland. Southern California's human
population grew by 27.5% from 1960 to 1970 (Table 2).

Where water is available, agriculture is a major land

use. The most noteworthy of these agricultural areas,

especially from the standpoint of wintering geese, are

the Imperial and Coachella valleys adjacent to the

Salton Sea.

No investigations have been published on the

wintering geese of Southern California.

Western Arizona

This 23,200-square-mile reference area comprises

Arizona's two most western counties. The human
population in this arid and sparsely populated area

grew almost 61% between 1960 and 1970 (Table 2).

Most geese wintering here are associated with the

Colorado River, which forms the western boundary of

the reference area. Habitat data from the lower Colo-

rado River, whether in Arizona or California, were

included in Western Arizona because most of the

wintering areas are in this State.

Early information on Arizona's waterfowl, including

the Canada geese of the lower Colorado, was sum-

marized by Fleming (1959).

Eastern Arizona

Eastern Arizona, consisting of the 12 counties east

of Mohave and Yuma counties, is the largest of the 15

reference areas (90,200 square miles). Human popu-

lation increased by over 35% during 1960-70 (Table 2).

Canada geese mainly winter south of the Mogollon

Plateau.

Canada geese, not originally known to have nested in

Arizona, were transplanted into the White Mountains

from 1966 through 1968. The release consisted of

goslings, most of which were artificially hatched and

raised from eggs collected in Nevada (1966), Utah

(1966), Washington (1968), and Wyoming (1966-68). In

recent years a few pairs of geese have nested in east-

central Arizona, making the White Mountains (lati-

tude 33° 50' N) the southern nesting limit for Rocky
Mountain geese.
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Population Characteristics

Major Limi ta tions

Following is a discussion of major limitations in the

available banding data. An understanding of these

problems is needed if banding programs are to be of

maximum use to waterfowl managers.

Representativeness of Bandings

Banding is a sampling method, and as such, the

representativeness of the banded sample is critical.

Aggregations of Canada geese on molting, migrating,

and wintering areas often include birds from wide-

spread nesting areas. Consequently, there is no assur-

ance that in annual banding on such areas the same

fraction of geese from specific nesting areas is marked

each year. Changes in the geographic distribution of

recoveries from geese banded on non-nesting areas are

difficult to interpret because such shifts could merely

reflect year-to-year differences in the breeding-ground

origins of birds using given banding sites. For in-

stance, the possibility of sampling molters from dif-

ferent nesting areas over the years was ignored by

Dimmick (1968:60), who suggested that molters using

Turbid Lake in Yellowstone Park, Western Wyoming,
were changing their wintering range from central Ari-

zona to western Arizona-southern California, 1956-63.

Also, an apparent but unreal shift could be caused by

changes, through time, in band reporting rates.

Canada geese banded on nesting areas represent

local breeders and their offspring. However, breeding

flocks within a reference area can have different migra-

tion patterns and thus a particular banded flock may
not be representative of an entire reference area

(Raveling 1978). For example, in Central Montana,

birds nesting at Ennis Lake were more sedentary than

Canada geese elsewhere in this reference area. Since

most of the geese banded in Central Montana were

captured at Ennis Lake, it is unlikely that the high per-

centage of Ennis Lake birds taken within Central Mon-
tana was representative of the entire reference area.

Band Reporting Rates

If 50% of all recoveries from area A geese were taken

within area A, this does not necessarily mean that area

A harvests 50% of its Canada geese. Obviously, band
reporting rates must be considered; however, since no

specific studies have been done, little can be said with

certainty about the harvest distribution of Rocky
Mountain geese. As a generality, however, it is likely

that band reporting rates were lowest in the reference

area of banding, especially near banding sites (Henny
and Burnham 1976). Thus, in the above example, one

would suspect that more than 50% of the harvest of

geese from area A occurred there.

We do not discuss variations in the distribution of

recoveries through time, since apparent shifts in dis-

tribution patterns can result from changes in report-

ing rates (as well as different flocks being sampled

through time on non-nesting areas). For example,

Tautin and Low (1975:339) plotted the percentages of

geese banded in Utah and recovered in Utah by years,

in 1952-72. They believed that, through time, hunters

in southern California were killing progressively more

of Utah's birds. Their point is inconclusive, however,

because changes in band reporting rates would result

in an apparent, but unreal, decline of Utah-banded

geese shot in Utah (i.e., if Utah's reporting rates de-

creased and California's rate remained stable, or if

Utah's rates declined faster than California's rates).

Conversely, hunters in California could be killing more

of the geese marked in Utah, and this greater kill could

be the result of an increased harvest rate in California.

However, if more Utah birds are now wintering in Cali-

fornia than in the past, the number of Utah birds shot

in California could increase over time even if Cali-

fornia's harvest rate was stable. Changes through time

in the recovery distributions of migratory game birds

are seldom easily and completely explained.

"Who Reported" codes were established by FWS in

1957 to help determine what impact band collecting by

conservation agencies has on band reporting rates. A
compilation of recoveries from Canada geese banded in

the Rocky Mountain Region according to bands

reported by hunters and others showed considerable

variation between reference areas but relatively little

change through time in 1957-72 (Table 3). Of the

11,884 recoveries tabulated, 73% were reported by

hunters and the rest by persons other than the hunt-

er—mainly employees of conservation agencies.

Without estimates of band reporting rates by year and

reference area, it is impossible to determine whether

band collecting by wildlife agencies has influenced the

reporting of bands. Nevertheless, Table 3 clearly

shows marked differences between reference areas in

the reporting of bands by employees of wildlife

agencies. Specifically, in 5 of the 15 reference areas

(Western Wyoming, Western Arizona, and Nevada's

three regions), over 40% of the bands were reported by

persons other than the hunter.

Band Recovery Distributions

We next address the distribution patterns of recov-

eries reported by hunters according to reference area

of banding and banding type (See Definitions and

Methods). The distribution of the reported kill may not

represent the distribution of wintering geese and thus
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Table 3. Percentage and (in parentheses) number of band recoveries from geese banded in the Intermountain Region at all times

of the year (ages and sexes combined) according to "Who Reported" codes*, years harvested, and reference areas.

Reference area

where harvested
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Table 4. Percentages of band recoveries (direct and indirect considered separately) from immature and adult

Canada geese banded preseason on breeding areas in Southern Alberta, 1947-73. Total numbers of recoveries

are shown in parentheses.
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Table 5. Percentages of band recoveries (direct and indirect considered separately) from immature and adult

Canada geese banded preseason on breeding areas in Central Montana, 1946-73. Total numbers of recoveries

are shown in parentheses.
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Table 7. Percentages of band recoveries (direct and indirect considered separately) from immature and adult

Canada geese banded preseason on breeding areas in Southeastern Idaho, 1947-73. Total numbers of re-

coveries are shown in parentheses.



16

Table 10. Percentage distribution of band recoveries

(direct and indirect considered separately) from
adult Canada geese banded preseason on molting

areas in Western Wyoming (Turbid Lake), 1956-72.

Total numbers of recoveries are shown in paren-

theses.

Locality of
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central Arizona through the San Joaquin Valley in

California. Few geese banded in Northern Utah were

reported shot in Northwestern Nevada. Apparently

the Northern Utah geese move down the Colorado

River into Southern California, their main wintering

area, and then northwest into the Riverside area and

over the Tehachapi Mountains into the San Joaquin

Valley. This hypothesis could be tested with color-

marked or radio-tagged geese.

Although sample sizes were too small to provide

conclusive evidence, geese nesting on Cutler Reservoir,

west of Logan, Utah, were apparently associated with

the Great Salt Lake area (20 total recoveries). Geese

banded only 45 miles southeast of Logan, on the Bear

River near Randolph, Utah, were recovered mainly in

southeastern Idaho and southwestern Wyoming (146

total recoveries). Adults banded on Neponset Reser-

voir near Randolph, most of which were molters, came
from nesting areas in southeastern Idaho, south-

western Wyoming, and northeastern Utah (most prob-

ably Bear River birds; Table 14). Evidently there is

much interchange between the geese nesting on the

Bear River in Idaho, Utah, and Wyoming.

Table 12. Percentages of band recoveries (direct and
indirect considered separately) from adult Canada
geese banded preseason on molting areas in Cen-

tral Wyoming (Pathfinder and Wheatland reser-

voirs), 1952-73. Total numbers of recoveries are

shown in parentheses.

Locality of
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Table 14. Percentages of band recoveries (direct and
indirect considered separately) from adult Canada

geese banded preseason on molting areas in North-

ern Utah (Neponset Reservoir), 1953-73. Total num-
bers of recoveries are shown in parentheses.

Locality of



19

Table 17. Percentages of band recoveries (direct and indirect considered separately) from immature and adult

Canada geese banded preseason on breeding areas in Northwestern Nevada, 1954-69. Total numbers of re-

coveries are shown in parentheses.
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General Band Recovery Patterns

A number of noteworthy patterns emerged from the

distributions of more than 19,000 recovered bands. We
next discuss five general patterns that occurred in

most or all of the reference areas.

Dispersion of Nesting Flocks on Wintering Areas

The scattered distribution of recoveries indicated

that geese from any one nesting flock were not always

wintering together. Maclnnes (1966:536) found that

neckbanded Canada geese "from one nesting locality

spread throughout the migration range and mix freely

with birds from other nesting areas." In contrast,

Raveling (1969, 1978) concluded that subgroups on

specific wintering sites are from different nesting

areas. Future research should be directed toward clari-

fying the relations between individual nesting and

wintering areas, since important management impli-

cations are involved (see Management Recom-

mendations).

Postmolt Movement of Yearlings

Indirect recoveries from summer bandings are more

scattered, both latitudinally and longitudinally, than

direct recoveries. Raveling (1976a), in a study of B. c.

maxima in Manitoba, also found indirect recoveries to

be spread over a greater area than direct recoveries,

and attributed this difference to more widespread

movements of yearlings than of older geese. In the

present study, indirect band recoveries of Rocky
Mountain birds banded in the United States and shot

in Southern Alberta and Saskatchewan were inter-

preted as molt-migrants returning from northern

Canada (see Molt Migration). Molters were of both

sexes and many ages (Table 19). However, most were

probably yearlings (Krohn and Bizeau 1979), and thus

it is likely that the scattered distribution of indirect

recoveries is largely the result of postmolt migrational

movement by yearlings (also see Raveling 19766).

Table 19. Number of indirect recoveries of Canada

geese banded as breeders and molters during May
through July in the Rocky Mountain Region south

of Canada and shot in southern Canada as return-

ing molt-migrants, 1938-73.

Life stage at banding

Sex

Male

Female

Unknown
Total

Gosling
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Fig. 2. Average number of recoveries per thousand Canada
geese banded as immatures on the three major breeding-

ground reference areas of the Rocky Mountain population,

1947-62 (N= 4,190 recoveries).

treatment of the movement of moffitti to and from

molting areas follows. A more detailed discussion of

the molt migration of the western Canada goose,

giving special emphasis to the RMP, was presented by
Krohn and Bizeau (1979).

In the early 1970's, the RMP annually consisted of

about 37,000 molters (see Population Size and Regu-

lation). Inasmuch as only 12,000 to 18,000 geese use

molting areas within the Rocky Mountain Region

(Krohn and Bizeau 1979), and appreciable numbers of

indirect recoveries are taken in southern Canada
(Appendix B), it is apparent that most molters must be

migrating north of the RMP's nesting range. Where do
these molters go?

No evidence was found to support the contention

that thousands of western Canada geese molt in south-

ern Canada. For example, the Peace-Athabasca Delta

in northeastern Alberta is known to be a major area

for nesting, molting, and staging waterfowl. Never-

theless, no molting Canada geese were found there

during extensive waterfowl studies in 1969 and 1970

(Nieman and Dirschl 1973:19-20). Similarly, we found

no published references to the occurrence of molting

areas now used by large numbers of western Canada

geese in Saskatchewan, although molters—mainly

HLP but including some RMP geese—were banded in

1953 and 1954 on or near Cypress Lake in southwest

Saskatchewan (Bird Banding Laboratory, unpublished

data). We do not know the present status of this

molting area, but past bandings indicate that it was
used by a maximum of only a few hundred Canada
geese. Finally, the known numbers of molters in south-

ern Alberta during the early 1970's (300-400) did not

account for the anticipated number of molters from

this reference area (more than 2,000), nor all the other

moffitti which apparently migrate north of the United

States to molt (some 22,000 RMP molters, plus PP
birds).

The north ends of recovery axes formed by indirect

recoveries from Canada geese banded on breeding

areas across the western United States all point to the

Northwest Territories (Krohn and Bizeau 1979:Fig. 2).

Assuming that the recovery axes show migrational

directions, it appears that the moffitti shot in the

southern portions of Alberta and Saskatchewan are

molters returning from northern Canada.

TJhere is direct evidence that large Canada geese

molt in subarctic Canada. The Thelon River, especially

that section flowing through the Mackenzie-Keewatin

boundary, has long been known as a molting region for

large Canada geese (Hanson 1965:78-80; Kuyt 1966).

Sterling and Dzubin (1967) estimated that the number
of large Canada geese molting in the basins of the

Thelon, Back, Dubawnt, Kazan, and Quoick rivers (the

region between latitude 60° to 66° N and longitude 96°

to 106° W) approached 30,000. From 1963 to 1966,

these biologists trapped over 3,600 Canada geese in

the Aberdeen-Beverley lakes area of this region. Most
of the 154 previously banded geese caught during this

trapping operation had been banded in the mid-conti-

nental nesting range of the giant Canada goose, B. c.

maxima, and a few were banded in moffitti's range

(Sterling and Dzubin 1967). Band recoveries from the

molters tagged at Aberdeen-Beverley lakes were

taken mainly within the range of maxima, although a

few were shot in the western United States (R. T.

Sterling, personal communication). Thus, although

some moffitti molt in the area of Aberdeen-Beverley

lakes, we conclude that most molt elsewhere. Since

geese were banded in only part of one of the five river

basins known to be used by molters, it still is possible

that large numbers of western Canada geese molt

within this region, especially southwest of the Aber-

deen-Beverley lakes area (R. T. Sterling, personal

communication).

The percentage of indirect recoveries from Canada
geese banded in the western United States which were

encountered in southern Canada was markedly higher

for the PP than the RMP. Krohn and Bizeau (1979:135)
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reported that 7.7% (number recovered, 368) of the

RMP geese banded as immatures, and 2% (30) of the

adults banded on nesting areas south of Canada, were

recovered as indirect recoveries in Alberta and Sas-

katchewan. In contrast, comparable figures for PP
birds from northeastern California were 17.7% (269)

for immatures and 7.6% (24) for adults (W. C. Rie-

necker, personal communication). The higher indirect

recovery rate of returning molt-migrants could be

higher in the PP than the RMP due to (1) differential

survival (i.e., PP geese live longer and thus there is a

higher chance of molting in northern Canada), or to (2)

habitat differences (i.e., more molting habitat within

the RMP's nesting range and hence few geese go to

northern Canada to molt). However, survival rates of

Canada geese from northeastern California (W. C. Rie-

necker, personal communication) were almost identical

to the overall survival rates of RMP geese found in

this study. Additionally, the locations of few molting

areas are known within the nesting range of the PP
relative to the RMP. Thus, it appears likely that a

higher fraction of B. c. moffitti from the PP than from

the RMP leave the United States each summer to molt

in Canada's Northwest Territories.

A number of biologists have speculated on the

adaptive significance of waterfowl molt migrations.

Milne (1965) felt that, because of their vulnerability

during the flightless period, waterfowl gained a sur-

vival advantage by moving to a relatively safe place

while molting. Sterling and Dzubin (1967) made a simi-

lar proposal and added that this behavior would

reduce possible competition for food between breeders

and nonbreeders. Salomonsen (1968) postulated that

heredity was involved, since Canada geese introduced

into Great Britain make molt migrations. The ultimate

cause of molt migrations, according to Salomonsen

(1968), is to move some birds away from the breeding

grounds and thus avoid food shortages. Whatever the

exact selective advantage, it seems obvious that molt

migrations are of adaptive value to the population;

otherwise these regular and often long-distance move-

ments would have been eliminated by natural selec-

tion.

Breeding Biology and Productivity

We document and evaluate here what is known
about the breeding biology and productivity of B. c.

moffitti. Since few differences in breeding biology were

found among western Canada geese from various geo-

graphical areas, data from the RMP and PP were com-

bined. Tables in this section are limited to information

concerning moffitti obtained before 1976. However,

data on maxima and other races are discussed when
relevant.

More nesting studies of moffitti have been done than

for all other Canada goose subspecies combined, pri-

marily because of the relative accessibility of moffitti's

nesting range. However, although nesting in the

western Canada goose has been extensively studied, it

has yet to be intensively researched. Biologists have

generally described this subspecies' breeding biology

throughout its range, but they have yet to probe and
understand the causes of reproductive variation.

Knowing why the number of geese produced each year

fluctuates would allow managers to increase the popu-

lation's size by taking advantage of cause-and-effect

relations.

Nesting Chronology

Some Canada geese spend the winter in the vicinity

of the same areas they use for nesting, whereas

others—including most birds in the RMP—regularly

move between wintering and nesting areas. Generally,

Canada geese are early spring migrants; most birds

are on their nesting areas in the Rocky Mountain

Region by the middle or end of March. Williams

(1967:30) wrote "the time of nesting is highly variable,

and is correlated with latitude, altitude, and local

variations in climate." Available data support this

statement, with the minor exception that latitude

causes little variation. Data on nesting phenology as

related to latitude and elevations from 23 obser-

vations, including those in three areas studied more

than once, are shown in Table 20. The week of peak

nest initiation was considered the dependent variable

and analyzed in terms of Julian dates (i.e., third week

of March = 82, fourth week of March = 89, first week

of April = 96, second week of April = 103, and third

week of April = 110). The first independent variable,

latitude, was rounded to the nearest 0.1° (i.e.,

40°10' = 40.2°, 40°20' = 40.3°, etc.). The second inde-

pendent variable, altitude, was recorded in feet above

mean sea level, rounded to the nearest 10 feet. The

range of latitude occupied by the western Canada

goose was not correlated with start of egg laying

(P > 0.05); altitude was significantly related

{P < 0.01) and accounted for 50% of the observed

variation (r
2 = 0.50, simple linear regression). Thus,

although altitude correlated with nest initiations, the

data were so variable that other unanalyzed variables

were suggested. Hanson and Eberhardt (1971:16), in

their long-term study on the Hanford Atomic Energy

Reservation in east-central Washington, found that

most Canada goose nests started by the third week of

March. However, they noted that the nesting phe-

nology shifted between years in response to mean daily

temperatures (Hanson and Eberhardt 1971:20). Conse-

quently much of the variation unaccounted for in the
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Table 20. Peak of nesting (i.e., egg laying) in the western Canada goose, according to latitude and altitude.



24

Table 21. Percentage of spring flocks of western Canada geese consisting of breeding birds.

Locations and years

Total

geese

Percent

breeders Source

Columbia River, Washington, 1950

Columbia River, Washington, 1950-70

Gray's Lake, Southeastern Idaho, 1950-51

Flathead Valley, western Montana, 1953-54

Ocean Lake WMA, Central Wyoming, 1954-55

Green River, Western Wyoming, 1954-55

Jackson Hole, 1965, Western Wyoming, 1962-63

Snake River, Washington, 1967-69

Bitterroot Valley, western Montana, 1969-70

Green River, Northern Utah-Northwestern

Colorado, 1970-75

Yampa and Little Snake Rivers, Northwestern

Colorado, 1975

Freezeout Lake WMA, Central Montana,

1971-72

Total sample size

2,582
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Table 22. Recoveries of Canada geese banded as immatures on the three major breeding-ground reference

areas of the Rocky Mountain population, 1947-62.

Reference area and

adjusted number of
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Table 24. Estimates of the percentages of breeders and nonbreeders in the Rocky Mountain population during

the spring.

Spring Fall age



27

to determine whether all adults nest each year. Never-

theless, since this phenomenon has been observed in

Canada geese nesting in both arctic (Maclnnes et al.

1974) and temperate (Brakhage 1965, and others)

regions, there is ample reason to suspect that not all

adult western Canada geese nest. However, if inade-

quate energy supplies are the main cause of adult non-

breeding, the percentage of adult nonbreeders would

possibly be lower, and perhaps less variable, in the

RMP and PP, where the temperate climate allows for a

longer nesting season, and thus more time for feeding

before nesting (also a function of a shorter spring

migration), than in geese nesting in arctic and sub-

arctic regions.

Clutch Size

More data have been collected on the clutch size of

the western Canada goose than on any other aspect of

moffitti's breeding biology. We tabulated information

by complete and successful clutches according to three

habitat categories (Table 25). Complete clutches were

the number of eggs in nests when birds started to incu-

bate, and a successful clutch was the number of eggs

hatched from a nest in which at least one egg hatched.

Over 4,900 complete clutches that were examined were
distributed by the following habitat types: lakes and
reservoirs, 467; marshes and impoundments, 1,730;

and rivers and bottomlands, 2,747 (Table 25). Suc-

cessful clutches totaled nearly 13,000 and were dis-

tributed as follows: lakes and reservoirs, 2,598;

marshes and impoundments, 1,554; and rivers and
bottomlands, 8,844 (Table 25). Although the weighted

mean clutch sizes, both complete and successful, of the

first two habitat categories were similar, the mean
sizes of complete and successful clutches from river-

bottomland habitats were larger. The larger mean
clutches from river-bottomland habitats may have

been due to the predominance of clutches from the

Columbia River in Washington and the Snake River in

southwestern Idaho. Clutches from these two regions

are consistently larger than those anywhere else in

moffitti's range, perhaps because of the more mod-
erate climate and its favorable effect on the birds' food

resources, including availability during the critical late

winter-early spring period. Additionally, Canada
geese nesting in these two regions are essentially resi-

dent flocks, and thus can spend more time feeding and
may use less energy flying than do geese of more
migratory flocks.

As an overall weighted average, successful clutches

were 9.9% smaller than complete clutches (successful

plus unsuccessful nests)— 5.45 vs. 4.91 (from Table 25).

Maclnnes and Misra (1972) showed that human dis-

turbance of Canada goose nests in the McConnell
River region was the major factor causing egg loss to

predators. It is not known how much, if any, of the dif-

ference between complete and successful clutch sizes

in the western Canada goose was due to man-induced
predation.

Maclnnes et al. (1974) reported that year-to-year

changes in mean sizes of complete clutches were due to

changes in the frequency distributions of clutches and
not to shifts in the mean of a common distribution.

Maclnnes et al. (1974), using the original data of W. C.

Hanson (Hanson and Eberhardt 1971), also saw shifts

in the underlying distributions of clutches from the

Hanford Reservation in Washington. Available data

on the frequency distribution of more than 1,300 com-

plete clutches of western Canada geese showed that

nests with five or six eggs constituted more than 63%
of the total eggs (869 out of 1,362; from Table 26). The
heterogeneity of variances of these data was not

tested, since clutches came from so many different

nesting areas over various years. However, future

investigators of moffitti should pay particular atten-

tion to yearly shifts in the frequency distributions of

clutches and possible causes of such shifts.

Lack (1967, 1968:222-237) postulated that clutch

sizes in waterfowl were determined by food and energy

reserves available when females start laying. The
conclusions of Maclnnes et al. (1974) support this con-

tention and point out the need to know more about

relations between geese and their habitats from the

time birds leave their wintering areas through rearing

of broods. Observations in the Rocky Mountain
Region have indicated that sites free of snow early in

the spring and supporting low vegetation, such as

grasses or sedges, were heavily used by geese for

spring feeding, often supported dense nesting, and
sometimes were later used as brood rearing sites. Ob-

viously, a better understanding is required of the rela-

tions between food availability, condition of females,

location of nesting sites, and brood survival so that

"goose pastures" can be more soundly managed. Man-
agers of goose habitat should be aware of the pio-

neering research of Owen (1973, 1975) on the manage-
ment of grasslands for wintering white-fronted geese

(Anser albifrons) in Great Britain.

Nesting Success

Nesting success—as used here, the percentage of

total nests examined in which at least one egg
hatched— has been determined for 18,200 nests of mof-

fitti (Table 27). The distribution of nests by habitat

types was as follows: lakes and reservoirs, 3,673;

marshes and impoundments, 2,303; and rivers and
bottomlands, 12,255 (Table 27). Mean nesting success

was 72% for lake-reservoir and marsh-impoundment
habitats and 73% for river-bottomland habitats;

overall nesting success was 73% (13,302 -* 18,231;
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Table 25. Mean clutch sizes of the western Canada goose according to habitat types.

Complete

clutches3

Successful

clutchesb

Locations and years

No. No. No. eggs No. Eggs to

eggs clutches hatched clutches young (%) Source

Principal habitat type: Lake

Flathead Valley, western

Montana, 1953-54

Blackfoot, Island Park, and Mud
Lake Reservoirs, South-

eastern Idaho

1952-55

1959-75

Hartson Reservoir, California,

1963

Lake Newell, Southern Alberta,

1968

Neponset Reservoir, Northern

Utah, 1969

Freezout Lake WMA, Central

Montana, 1971-72

Weighted means

5.34 358 4.91 220 -8.1 Geis (1956:413)

Salter (1956:193)

- Idaho Dep. Fish Game (personal

communication)
- Anderson (1965:11)

-14.7 Vermeer (1970:238-239)

- Arneson (1970:42)

5.44 68 5.06 68 -7.0 Hook (1973:14-15)

5.40 467 4.52 2,598 -16.3

4.54
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Table 25. Continued.

Complete

clutches8
Successful

clutchesb

Locations and years

No. No. No. eggs No. Eggs to

eggs clutches hatched clutches young (%) Source

North Fork Snake River, South-

eastern Idaho

1954-55

1959-75

Green and Yampa rivers, North-

western Colorado, 1956-59

Payette River, southwestern

Idaho, 1959-75

Bear River and Saletratus Creek,

Northern Utah-Western

Wyoming, 1969

Madison River, Central Montana,

1971

South Fork Snake River, South-

eastern Idaho, 1972

Snake River, Oregon and south-

western Idaho, 1974-75

Weighted means

5.64 59

4.51
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Table 26. Frequency distribution of numbers of eggs in 1,362 clutches of the western Canada goose nesting in

different areas.

Number of nests by clutch size

Locations and years 7 8 9 10 11 X± SD Source

Bear River Refuge, Northern

Utah, 1937a

Tule Lake and Lower Klamath
NWR's,Californiab

1952

1957

Lake Lenore, Washington

1952

1953

Bear Lake NWR, South-

eastern Idaho3

1952

1953

Flathead Valley, western

Montana
1953

1954

Ogden Bay, Northern Utah
1956

1957

1958

Lake Newell, Southern

Alberta, 1968c

Madison River, Central

Montana
1970

1971

Freezout Lake WMA, Central

Montana 15

1971

1972

Total

3 21 32* 20

14 23

34

53

61

47

70

13 43 47

7 14 13

3 10 4.88±1.14 Williams and Marshall

(1937:82)

11 3 1 1 5.13±1.35 Miller and Collins (1953:394)

24 5 2 1 2 5.36+1.38 Rienecker and Anderson

(1960:487)

10 5.00+1.14 Yocometal. (1956:15)

2 10 5.67±1.14 Yocometal. (1956:15)

9 3 5.50+0.94 Reeves (1954:113)

3 5.26±0.94 Reeves (1954:113)

2 11 21 53 47 18 12 3 2 5.54±1.46 Geis (1956:413)

2 16 39 61 50 19 3 1 5.16± 1.19 Geis (1956:413)

1 3 4 12 10 2,2000 5.21±1.32 Martin (1964

1 1 11 13 29 9 2 5.56±1.14 Martin (1964

2 4 11 13 45 20 3 5.70±1.23 Martin (1964

42)

42)

42)

3 13 19 4 10 1 5.80±1.17 Vermeer (1970:238)

5.76±1.15 Childress (1971:13)

5.55±0.85 Childress (1971:13)
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Table 27. Percentage and (in parentheses) number of successful and unsuccessful nests of the western Canada
goose according to habitat types.

Locations and years

Successful

(hatched)

Unsuccessful

Deserted Destroyed Flooded Other8 Source

Principal habitat type: Lake (total nests, 3,673)

Flathead Valley, western 62 (260)

Montana, 1953-54

Blackfoot, Island Park, and

Mud Lake reservoirs; South-

eastern Idaho

1952-55 69(456)

1959-75 76(1,705)

14(59) 22(94) 2(10) Geis (1956:414)

- Salter (1956:193)

— Idaho Dep. Fish Game
(personal communication)

Harston Reservoir, California,
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Table 27. Continued.
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Table 28. Comparison of the reproductive performance of the western Canada goose on elevated versus ground
nesting sites in different areas: percentage of successful nests and mean clutch size.

Successful nests, by nesting area

Mean clutch size,

by nesting area

Elevated Ground Elevated Ground

Location and years

Percent No. nests Percent No. nests No. No. nests No. No. nests

successful observed successful observed eggs observed eggs observed Source

Hartson Reservoir
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Table 29. Brood size and gosling mortality of the western Canada goose.

Locations and years

Gosling

Mean No. No. of mortality

per brood broods (%) Basis of mortality estimate Source

Jackson Hole, Western
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Table 30. Distribution of waterfowl hunters and RMP Canada goose harvest (unretrieved kill excluded) arranged

by reference areas.

Reference area

Waterfowl hunting stamp sales8

No. of Canada geese

harvested, 2-year mean,

1962 and 1970b
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period 1954-66 of 42,603 birds (15%) from a total kill of

281,973. Although the crippling rate in the RMP prob-

ably varies among areas, it seems doubtful that,

overall, it exceeds 15%. Assuming a crippling loss of

15%, the unretrieved kill of Rocky Mountain geese

would be 9,456 birds, giving a total mean annual kill of

63,042 geese (9,456+ 53,586).

Over 84% of the RMP's retrieved harvest occurred

in only 6 of the 15 reference areas (Table 30). The main
harvest areas for the RMP (Table 30) were Southern

Alberta (27.6%), Southeastern Idaho (17.9%), North-

ern Utah (13.3%), and Southern California (13.2%).

Central California (5.4%) and Northwestern Nevada
(6.8%) were of moderate importance and the remaining

nine reference areas combined accounted for less than

16% of the kill (Table 30).

Recovery and Survival Rates

Relative recovery rates were calculated to test the

hypothesis that immature Canada geese were more
vulnerable than adults to hunting (Table 31). Overall

direct recovery rates for Rocky Mountain geese

banded on nesting areas were 12.2% for adults (9,307

banded) and 15.7% for immatures (32,953). Available

data showed immatures to be, overall, 1.29 times more
likely to be shot than adults (P < 0.01); relative recov-

ery rates varied from 1.5 in Southern Alberta and
Central Montana to 1.4 in Southeastern Idaho and 1.2

in Northern Utah (Table 31). Unfortunately, few or no

data were available from Colorado, Nevada, and Wyo-
ming. Immature males in the RMP were shot at a

slightly, but significantly (P = 0.05, Chi-square),

greater rate than immature females (Table 31). How-
ever, there were no indications of sex differences in

vulnerability to hunting of adults banded on nesting

areas (Table 31). Similarly, the direct recovery rates of

2,104 adult male and 2,227 adult female molters were

not significantly different (13.4 and 13.6%, respec-

tively; P > 0.05, Chi-square). Consequently, males and
females appeared to be of similar vulnerability within

age classes, although young of the year were 21 to 54%
more vulnerable to sport hunting than were older

geese (X = 29%; Table 31).

Total recovery rates were tabulated to determine the

percentages of banded geese encountered and reported

during hunting seasons. Although relative recovery

rates were calculated only from first-hunting-season

recoveries of geese reported shot, total recovery rates

included all recoveries (regardless of years after

banding when encountered) that were reported either

shot or found dead. Of the 42,279 Rocky Mountain
geese banded on nesting areas, a total of 13,267

(31.4%) were reported recovered through the 1973-74

hunting season (Table 32). Similarly, of the 15,861

molters banded within the population's range, a total

of 4,256 (26.8%) were reported shot or found dead.

Combining both sets of data yields an overall total

recovery rate of 30.1% (17,523/58,140) which, consid-

ering that more recoveries from the most recent band-

ings will still be reported, suggests that about one out

of every three Rocky Mountain geese banded is

reported recovered as a result of hunting.

Table 31. Relative recovery rates of Canada geese banded preseason on nesting areas in the Rocky Mountain
Region.
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Table 32. Total recovery rates of Canada geese banded preseason on nesting areas in the Rocky Mountain
Region.
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Table 33. Mean annual survival rates (X ± SE)3
for adult Canada geese banded on molting areas according to

reference areas and years of banding.

Reference area

Southeastern Idaho

Western Wyoming
Western Wyoming
Central Wyoming
Central Wyoming
Northern Utah

X±SE

Years of
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Table 35. Estimated amounts of breeding habitats and mean number ofpairs using each habitat type within the

breeding range of the Rocky Mountain goose population during the early 1970's, by reference area.
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Table 36. Estimated acreages of molting habitat and mean numbers of molting geese encountered in each

habitat type within the range of the Rocky Mountain goose population during the early 1970's, by refer-

ence area.
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Table 37. Estimated amounts of wintering habitat and mean numbers of geese occupying each habitat type

within the wintering range of the Rocky Mountain goose population during the early 1970's, by reference area.
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2,000 molters has been noted along the northeastern

edge of Great Salt Lake, at Bear River Bay. Due to the

isolation of Neponset and the vastness of Great Salt

Lake, these areas will probably continue to support

molters.

An average of almost 1,900 Canada geese winter in

this reference area (Table 37). The number and loca-

tions of wintering geese vary greatly, depending on

weather conditions. Generally, winter weather is

severe enough to keep Northern Utah a minor winter-

ing ground, although more geese wintered there in the

past than in recent years.

Southern Utah

An average of about 120 pairs are known to nest in

this reference area (Table 35), primarily at reservoirs

in the drainages of the Beaver, Fremont, San Pitch,

and Sevier rivers. The Fish Springs NWR, where 30 to

50 pairs nest, has the single largest nesting flock in

Southern Utah. This refuge and the reservoirs are safe

from commercial development, although production

from these areas varies greatly because of fluctuations

in runoff.

Southern Utah supports no concentrations of molt-

ers. On the average, only about 500 geese winter here,

mostly on reservoirs (Table 37). Although this ref-

erence area is expected to remain only a minor winter-

ing region, it could probably winter additional geese.

Northeastern Nevada

Bottomlands, reservoirs, marshes, and impound-

ments are used by about 200 nesting pairs in North-

eastern Nevada (Table 35). Most nesters use Franklin

Lake and adjacent Ruby Lake NWR, although some
use the upper Humboldt and Owyhee rivers. These

habitats are secure and are expected to continue sup-

porting geese.

This region has no molting areas and few Canada

geese are found here during January.

Northwestern Nevada

Lakes and bottomlands are used by most of the

area's estimated 413 pairs (Table 35). Major nesting

locations include Washoe Lake (Scripps WMA), Hum-
boldt River, Lahontan Valley, and Sheldon NWR.
Nevada's largest marshes are in the Lahontan Valley,

including Carson Lake and the Stillwater WMA (joint

State-Federal management). Most of the water in

these marshes is irrigation runoff from the Truckee

River. Litigation over Truckee River water could

result in reduced flows to the Lahontan Valley, which

would cause drastic reductions in the production of

waterfowl, including Canada geese (Saake 1975).

Two major and four minor molting areas are in

Northwestern Nevada (Table 36). Stillwater Point

Reservoir has been used by molters in the past. The six

molting areas now used support a mean of almost

2,500 geese; most of these birds are at Pyramid Lake
(X = 1,000) and Rye Patch Reservoir (X = 530). This

reference area should continue to provide adequate

habitat for molters.

An average of nearly 3,000 Canada geese winter in

Northwestern Nevada each year, primarily on im-

poundments and reservoirs (Table 37). Major winter-

ing locations are the Lahontan, Lovelock, and Mason
valleys. These valleys are intensively farmed and prob-

ably can support more Canada geese than now winter

there.

Southern Nevada

The estimated 36 pairs are divided between Kirch

WMA and Railroad Valley WMA (Table 35). The
impoundments on these areas are safe from commer-
cial development. Since so little surface water is avail-

able, however, it is unlikely that the nesting flock in

Southern Nevada will increase significantly.

About 1,000 Canada geese winter on State and Fed-

eral management areas. The Overton WMA, on the

west side of Lake Mead near Nevada's southern tip, is

the most heavily used wintering area. This region

could accommodate an increase in wintering geese

because safe resting sites have been provided by

management agencies, and adequate areas of irrigated

farmlands are nearby.

Central California

The large Canada goose population wintering here

uses mainly reservoirs; waterfowl impoundments are

of secondary importance (Table 37). The waterfowl

impoundments include private as well as State and

Federal areas. Major wintering locations are reservoirs

and adjacent grasslands on the west slope of the Sierra

Nevada, and impoundments and farmlands in the San

Joaquin Valley west of these mountains.

About 8,000 large Canada geese winter west of the

Sierras, and 300 to 500 birds winter east of the moun-

tains, largely in Owens Valley. The large number of

reservoirs, Federal and State waterfowl areas, exten-

sive farmlands and grasslands, and mild climate west

of the Sierras ensure that this reference area will

remain a major wintering region with a high potential

for supporting more Canada geese.

Southern California

About 16,000 geese winter in this important winter-

ing ground for the RMP (Table 37). Goose concentra-

tions in this reference area use reservoirs in the vicin-

ity of Los Angeles and Riverside, and waterfowl im-

poundments on the north and south ends of the Salton

Sea. Managed impoundments adjacent to the north
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end of the Salton Sea are privately owned; those in the

Imperial Valley, at the south end of the Sea, are con-

trolled by the California Department of Fish and

Game (Imperial WMA), FWS (Salton Sea NWR), and
private duck-hunting clubs. Present impoundments
could be inundated by salt water if the Salton Sea con-

tinues rising. Nevertheless, considering the number
and sizes of reservoirs in Southern California, this ref-

erence area will continue to be a major wintering

ground that can potentially sustain more geese.

Western Arizona

A mean of about 1,000 Canada geese winter in

Western Arizona; rivers and reservoirs are the major

types of wintering habitats, and marshes and im-

poundments are of secondary importance (Table 37).

Damming and channeling of the lower Colorado River

have increased the rate of plant succession in back-

water marshes (Ohmart et al. 1975). Only some 30

miles of the lower Colorado River remain unaltered,

and plans exist to channelize even this section. To com-

pensate for these destroyed wildlife habitats, the

Federal government established three NWR's
(Havasu, Cibola, and Imperial) along the Colorado

River between Arizona and California. Though the

geese wintering along the lower Colorado will become
increasingly more dependent on managed areas.

Western Arizona can support more birds, given the

amounts of agricultural lands adjacent to the river and

the safe resting sites provided by the refuges.

Eastern Arizona

Three reservoirs in this reference area, each less than

100 acres, now support only six breeding pairs

(Table 35). Suitable habitat for nesting geese is so

limited that Eastern Arizona will remain an insignifi-

cant production area.

Eastern Arizona winters more than 1,800 geese

(Table 37). Major wintering areas, in order of impor-

tance, are Roosevelt Lake Reservoir on the Salt River

and the Gila River from San Carlos Reservoir up-

stream to the town of Safford. Minor wintering areas

include the Verde River northeast of Phoenix and the

Gila River west of Phoenix. Greater use of these

wintering areas in past years, especially Roosevelt

Reservoir, indicates that this region can support more
wintering Canada geese.

General Habitat Patterns

Breeding Areas

Canada geese now nest in 12 of the RMP's 15 ref-

erence areas; only 3 reference areas—2 in California

and 1 in Western Arizona—do not support breeding

flocks (Table 38). The widespread distribution of

Table 38. Estimated total amounts and use of breeding areas occupied by the Rocky Mountain Canada goose

population in different reference areas during the early 1970's.

Reference areas

Southern Alberta

Central Montana
Southeastern Idaho

Western Wyoming
Central Wyoming
Northwestern Colorado

Northern Utah
Southern Utah
Northeastern Nevada
Northwestern Nevada
Southern Nevada
Central California

Southern California

Western Arizona

Eastern Arizona

Totals
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nesting geese, from southern Alberta through south-

ern Utah, and from western Nevada to western Colo-

rado, is of management significance. Although birds

originating in one or more reference areas may be over-

harvested in any given year, it is highly unlikely that

this would be a rangewide phenomenon.
The three major production areas are Southern

Alberta, Southeastern Idaho, and Northern Utah
(Table 38). Considering the amounts of favorable

habitat available, it appears that Alberta, Central

Montana, and Northern Utah have the greatest poten-

tials for increasing the RMP.

Molting Areas

Figure 3 shows the locations of areas used by con-

centrations of molting RMP geese during the early

1970's. Wheatland Reservoir in eastern Wyoming is

used by Highline as well as Rocky Mountain geese

(Figs. B-17, B-18; Szymczak 1975:35) but 16 of the

remaining molting areas are used only by RMP Geese
(Pablo and Pyramid used by PP as well as RMP). The
remaining 17 molting areas are used only by RMP
geese. The number of molters on the 19 areas on Fig. 3

averaged about 12,000 and reached a maximum of

18,750. Since we estimated that the RMP has about

37,000 molters, it appears that considerably less than

half of the population's molters stay within the Inter-

mountain Region to molt. The sizable number of in-

direct recoveries taken in southern Canada (Appendix
B) confirms the conclusion that a substantial segment
of molters from the RMP molt outside of the popu-

lation's nesting range.

The migration of so many of the RMP's yearling and
older birds from the Region during the summer and
fall complicates management. Molt migrants include

geese from many breeding flocks, and thus the precise

control of hunting pressure on molters from specific

production regions is virtually impossible, short of

prohibiting all goose hunting. On the positive side,

molting habitats will probably never limit the RMP,
given the number of extensive water bodies within the

Region and the high mobility of molters. Nevertheless,

to more closely control the harvest of geese from indi-

vidual breeding regions, managers should consider

encouraging geese to molt within the region where
they hatched. This could be done by restricting recrea-

tional use and banding on lakes and reservoirs used by
molters during July and August. A lack of disturbance

seems especially critical to molters that are just start-

ing to use an area.

Wintering Areas

Canada geese winter in all 15 of the RMP's reference

areas; the 3 most heavily used are Southern California,

Southeastern Idaho, and Central California (Table 39).

LEGEND
• = Minor Area; X < 150 Molters

= Major Area; X > 150 Molters

1 = Knight Ranch Reservoir

2= Ross Lake
3 = Lima Reservoir

4=PabloNWR
5= Turbid Lake
6= Yellowstone Lake

(Southeast Arm)
7 = Yellowtail Reservoir
8= Pathfinder Reservoir

9= Wheatland Reservoir

10= Big Sandy Reservoir

1

1

=Eden Valley Reservoir

12= Neponset Reservoir

13=Great Salt Lake
(Bear River Bay)

14=New Year Lake
15=Swan Lake Reservoir

1

6

= Massacre Lake
17 = Rye Patch Reservoir

18=Pyramid Lake
19= Walker Lake

Fig. 3. Locations of known Canada goose molting areas in the

Intermountain Region during the early 1970's.

Reservoirs and adjacent farmlands supported almost

two-thirds (64%) of the known wintering population;

waterfowl impoundments and rivers were of equal but

secondary importance (16%) each. The rest of the

known wintering population used marshes (4%) and
lakes (trace). The importance of reservoirs and, to a

lesser degree, waterfowl impoundments shows the de-

pendency of the RMP on man-made, and man-main-

tained, wintering areas. Assessing the prospects of

wintering areas is difficult, given the adaptability of

Canada geese and the influences of agriculture and

weather on wintering geese. However, the feeding and

resting sites in the three major wintering areas are so

extensive that more geese can winter in these, and to a

lesser extent, in the other reference areas.

Thirty-five State and 24 Federal waterfowl areas

were situated within the range of the RMP (Fig. 4). Of
the State areas, 17 were completely open to Canada
goose hunting, 12 were partly open, and 6 were com-
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Table 39. Estimated total amounts and use of wintering areas occupied by the Rocky Mountain Canada goose
population in different reference areas during the early 1970's.
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LEGEND

O =Open

m m = Partly Closed

• =Totally Closed

Circle=Federal National

Wildlife Refuge, Water-
fowl Production Area,

Migratory Bird Refuge,

or Big Game Range used

by Canada geese.

Square=State Waterfowl,

or Wildlife, Management
Area.

LEGEND

APPROXIMATE SCALE
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management, especially as related to the need for

subunit or even flock management in the relatively

sedentary PP.

Hanson and Eberhardt (1971:36) found that central

Washington geese migrated only "down to the junc-

tion of the Sacramento and San Joaquin rivers in

central California." In the present study, Canada

geese from Southern Alberta were found to winter

mainly at American Falls Reservoir of Southeastern

Idaho and in the San Joaquin Valley of Central Cali-

fornia. Few geese from Southern Alberta were recov-

ered north of the San Joaquin River in the Sacramento

River Valley. However, the confluence of the Sacra-

mento and San Joaquin rivers should not be consid-

ered as an exact demarcation point between wintering

geese of the RMP and PP. Canada geese that wintered

as far south as the Stockton-Modesto-San Francisco

area nested in northern California (W. C. Rienecker,

personal communication) and south-central Oregon

(C. E. Kebbe and E. L. McLaury, personal communi-

cation). A detailed examination of recoveries taken in

northern Central California may show that most of the

RMP uses reservoirs in the Sierra foothills, whereas

birds of the PP winter farther west.

Recent field work in Owyhee County of south-

western Idaho indicates the presence of more nesting

Canada geese than previously thought to exist there

(R. C. Norell, personal communication). These birds

might belong to either the PP or RMP, or both (i.e.,

this area may be a transition zone between the two
populations). Future bandings should be designed to

determine the population affinity or affinities of

Owyhee County's Canada geese.

Almost all geese in the RMP now winter within the

borders of the United States. Continued expansion of

agriculture and the construction of more dams and

reservoirs in Mexico could alter the present distribu-

tion of wintering Canada geese, although there is no

indication that such a shift is occurring.

Taxonomy and Evolution

Rutherford (1965) and Grieb (1968) considered the

HLP to consist of B. c. moffitti. Nelson (1962:2-3), on
the basis of personal communications with C. S. Wil-

liams—later published (Williams 1967:6-7)—even con-

sidered some of the Canada geese ranging as far east

as the Dakotas, part of the Western Prairie popu-

lation, as moffitti. In contrast, Hanson (1965:43-77)

considered the area within southern Canada and the

continental United States occupied by the Western
Prairie and Highline populations to be within the

nesting range of B. c. maxima. More recently, studies

by Szymczak (1975:29-30) suggested that Highline

geese, if indeed a pure strain, are more nearly maxima

ISO 320 440 840

KILOUCTCftS

esling Range

,VJ Wintering Range

? Distribution Uncertain

Fig. 5. Generalized nesting and wintering ranges of the Rocky
Mountain Canada goose population.

than moffitti. Geese banded on nesting areas in the

Rocky Mountain Region, presumably moffitti, were

occasionally shot on Highline nesting and wintering

areas (see indirect recoveries of breeders. Appendix B).

Perhaps some of these birds were molt-migrants that

joined Highline birds in Canada and migrated south

into Colorado and New Mexico. Possibly some of these

Rocky Mountain geese pair and breed with Highline

birds, thus resulting in genetic interchange between

the two populations.

Evidence of genetic similarity comes from an electro-

phoretic study of blood serum from 22 southern

Alberta goslings. In summer 1976, one of us (WBK)
took blood from 12 Rocky Mountain goslings at Saint

Mary's Reservoir, near the foothills of the Rockies,

and from 10 Highline goslings on Seven Person Lake

near the Saskatchewan border. The serum protein pat-

terns of these two samples were indistinguishable

(R. P. Morgan, personal communication). Addi-

tionally, Morgan et al. (1977) found that maxima and
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moffitti had the most similar blood serums of the nine

subspecies of Canada geese examined. Thus, contrary

to Hanson (1965:56), it appears that all Rocky Moun-
tain geese should be considered moffitti, whereas

Highline birds, in agreement with Szymczak (1975:43),

should be termed the maxima-moffitti complex (an

intergrade).

What is the evolutionary history of B. c. moffitti and
the RMP? Following are two of many possible sce-

narios regarding the evolution of the western Canada
goose.

Palmer (1976:197) considered moffitti and maxima
to be one subspecies. On the basis of the data pre-

sented in the present study, three lines of evidence

support Palmer's thesis:

• Apparently both maxima and moffitti make similar

long-distance migrations to molt in the Northwest

Territories. This migration could represent vestigial

behavior from a common ancestor.

• Blood protein patterns of maxima and moffitti are

very similar.

• Indirect recoveries suggest some interchange be-

tween the RMP (presumably moffitti) and HLP (pre-

sumably maxima).

Thus, there is evidence to support Palmer's conten-

tion that moffitti and maxima are consubspecific.

However, Palmer (1976:197-198) based his argument
on assumed evolutionary relations and the existence of

relatively little physical difference, and on the pre-

sumption that glaciers receded from the Intermoun-

tain Region after the ice retreated from the mid-conti-

nent. Thus, Palmer (1976:198) wrote that "presumably

at least much of the intermountain environment

became usable goose habitat relatively late and the

Canadas that occupied it are not yet differentiated at

the subspecies level from the present prairie birds."

To counter Palmer's argument that the Canada
geese of the Intermountain Region only recently split

from the larger birds of the mid-continent, one needs

only to consider the extensive marshlands associated

with the thousands of Pleistocene lakes of the Great

Basin. These marshes could have been the habitats

from which moffitti, and later the RMP, arose. If so,

the nesting of B. c. moffitti east of the Rocky Moun-
tains could be of relatively recent origin. It is almost

certain that moffitti and maxima, if they are indeed

two races, originated from a common ancestor. Evi-

dence includes only clinal differences in body size and

color, the similar molt migrations, and the similar

blood serum proteins. Given the complex social struc-

ture of Canada geese and the traditional use of

habitats by geese, two groups of common stock could

have been isolated long enough by the Rocky Moun-
tains to at least start the process of divergence. Early

Caucasian settlement, accompanied by unregulated

hunting and habitat destruction, evidently eliminated

maxima from much of its original range, especially

along the outer limits (Hanson 1965:43-77). However,
after the control of hunting and the development of

agriculture, including reservoir construction, moffitti

was able to pioneer east of the Rockies into Alberta's

grasslands. The moffitti that pioneered into the

western edge of maxima's former range could have

been molt-migrants. Thus, while already distinct sub-

species are in the act of diverging, man's alterations of

the landscape and its living resources probably

resulted in today's close association between Canada
geese of the prairie and Rocky Mountain en-

vironments.

Population Size and Regulation

Following is a synthesis of available management
information concerning the RMP (Table 40). The pur-

poses of this synthesis are to (1) evaluate how well, or

poorly, these data fit together and (2) estimate the

sizes of the population's major components. The

figures discussed below should not be considered

statistical estimates but merely crude approxi-

mations.

Table 40 presents two models of the population

made by calculating changes in numbers of geese from

prenesting through posthunting (Method I), and from

the hunting season back through nesting (Method II).

The various limitations of the basic data in these calcu-

lations were discussed throughout this report. Method
I starts with the 7,540 nesting pairs estimated from

the habitat inventory (Table 38). The prehunting popu-

lation, about 55,000 birds, was too small to sustain the

estimated annual kill of some 63,000 geese. Assuming
that the harvest (based mainly on the Federal survey

minus geese not in the RMP) and the posthunting

population (from the Midwinter Waterfowl Inventory)

were of the proper magnitude, Method II suggests a

nesting population of 14,000 to 17,000 pairs (Table 24).

The mean of these two figures is more than double the

number of breeding pairs inventoried. However, the

inventoried number of nesting pairs was known to be

low, because data were unavailable for many minor

nesting areas, and the extent to which nesters from

central Alberta contribute to the RMP is unknown.

The contribution to the RMP of geese nesting north of

Southern Alberta could be significant, since this

region supports a substantial goose harvest (H. R.

Weaver, personal communication).

Method II of Table 40 suggests a spring population

of some 70,500 Canada geese (33,800 breeders; 36,700

nonbreeders) resulting in a fall flight of about 113,400

geese (68,000 adults; 45,400 immatures). However,

these figures are only approximations at best, since

cross-checking of estimates shows a poor fit. For
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Table 40. Comparative simulations of the Rocky
Mountain Canada goose population based on

existing management information.
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ably were higher before 1962 and decreased since 1965

(Martinson and McCann 1966; Henny and Burnham
1976). Thus, no one band reporting rate is adequate for

adjusting recovery rates but, considering the years of

banding encountered in this study, a range in report-

ing rates of 35 to 45% seems plausible. Using this

assumed range of rates, a minimum of 73 to 94% of the

goose deaths were caused by hunting (0.33/0.45 to

0.33/0.35). If one adjusts these percentages for banded

geese killed by hunters but unretrieved (15%), it is

clear that hunting is the major mortality factor of

fledged geese in the RMP (minimum, 86%;

0.73 x 1.18).

Even though sport hunting is the major mortality

factor, it does not necessarily follow that hunting

controls the population. Much mortality occurs before

young geese can fly, especially before hatching. Addi-

tionally, the question of determining to what extent

natural mortality is reduced by an increasing hunting

mortality is complex and unanswered. However, there

are indications that hunting does directly influence the

RMP. For example, in the 1950's a decreasing popu-

lation led to reductions in daily bag and possession

limits and, in some areas, shorter hunting seasons.

These restrictions on hunting were believed to be

responsible for an increase in the population (Nagel

and Wrakestraw 1968:117-118). Additionally, Ander-

son and Burnham (1976:41) reasoned that the point at

which hunting mortality becomes additive to non-

hunting mortality would be lower in long-lived species

(such as Canada geese) than in the relatively short-

lived mallard (Anas platyrhynchos).

Management Recommendations

Population Nomenclature and Subcommittees

We recommend that, because of past confusion

regarding what constituted the range of the Great

Basin Canada goose, the GBCGS be renamed the

Rocky Mountain Canada Goose Subcommittee

(RMCGS). We also recommend that the wildlife

agencies in those States and Provinces within

the range of the PP form a second subcommittee con-

cerned with the preservation and controlled use of B. c.

moffitti. Inasmuch as the PP is more sedentary than

the RMP, it may not be necessary for the Pacific

Canada Goose Subcommittee to meet each year.

Nevertheless, birds of the PP do cross State, Provin-

cial, and National borders, and closer communication

between the waterfowl specialists of Alberta, British

Columbia, California, Idaho, Montana, Oregon, and

Washington would be useful in improving Canada
goose management.

Breeding-ground Surveys

Annual information on the number of nesting pairs,

and their production, is required to make reasonable

predictions of fall flights. In the Rocky Mountain
Region, breeding pair surveys are conducted in April

and May and production surveys in June and July.

Unfortunately, it is doubtful that accurate and precise

measures of nesting Canada geese and their young can

be directly obtained solely with surveys made from
fixed-wing aircraft. Thus, existing surveys should be

viewed as providing, at best, only relative measure-

ments of the breeding population and its production.

The present coverage of breeding-ground surveys in

the Rocky Mountain Region should be improved. Also,

there is a need for standardization of breeding-ground

surveys, especially in the census of breeding pairs. For

example, most western States use indicated breeding

pairs as an index to the size of the nesting population.

As used here, indicated breeding pair means the

number of pairs counted from the air, plus the number
of single geese observed. Geese in distinct groups of

three or more birds are counted as "grouped birds."

Unfortunately, not all wildlife agencies within the

range of the RMP apply this definition to their survey

method in the field.

Aerial surveys of nesting Canada geese from fixed-

wing aircraft have two major sources of error: (1) not

all birds counted as breeders actually nest, and (2) not

all birds present are seen. Air-ground comparisons

could be used to correct for the first problem. For

example, on 5 areas in Idaho and 1 1 in Wyoming the

respective agencies conduct both aerial and ground

censuses each year. Although dual counts were not de-

signed for air-ground comparisons, they do indicate

the feasibility of using such comparisons to determine

what fraction of indicated breeding pairs seen from the

air nest (see Table 1). Though estimating the propor-

tion of geese present but not counted during surveys

with fixed-wing aircraft is difficult, it is critical

because nonbreeders (especially prebreeders) make up

a substantial and perhaps variable fraction of each

year's fall flight. Comparisons of counts made from

fixed-wing and rotary-wing aircraft should be tested as

a means to determine visibility differences according

to habitat types. Ideally, visibility factors should be

obtained annually; 'however, the cost of flying both

types of aircraft each year for such comparisons is pro-

hibitive.

Breeding pair surveys should be given priority over

air-ground censuses of goslings. The average repro-

ductive success of pairs of large Canada geese nesting

in the continental United States and southern Canada

is fairly constant between years. Without great annual

fluctuations in production there is little justification

for emphasizing yearly measurements of gosling
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production. However, weather and other factors can

have immediate, negative impacts on reproduction,

which should be monitored by management agencies

when possible. For example, areas searched from the

ground during air-ground comparisons can be easily

rechecked after the eggs have hatched to determine

the success of each nest located earlier. Also, on some

areas, such as the marshes along Great Salt Lake in

Northern Utah, a production survey may be the only

index of the breeding population that is feasible to

obtain.

Finally, to determine annual trends in breeding

populations, or production, only data from nesting

areas censused with similar methods during all years

being compared should be used. For example, if an

area was censused in 1975 but not in 1976, data for

this area should be excluded in determining the 1975-

76 trend (assuming a nonrandom survey).

Wintering-ground Surveys

Aerial counts of Canada geese are taken throughout

the Rocky Mountain Region in early January. Addi-

tionally, counts are made once or twice monthly by

some wildlife agencies throughout the fall and winter

on major concentration areas. In terms of population

management, these fall and winter counts are less

useful than the January census. The fall or early-

winter counts are difficult to interpret because geese

are migrating and much of the hunting mortality is yet

to occur. In contrast, by January most Canada geese

are on their wintering grounds and are relatively

sedentary. Also, most hunting for the fall-winter

period is over, and most birds surviving in January

will return to the breeding grounds in spring.

However, January counts may not yield accurate esti-

mates of trends in numbers of breeders, since the age

structure of the population could change greatly be-

tween years, as could natural mortality between Jan-

uary and April. Thus, even with good January counts

there is a real need for spring estimates of yearly

trends in breeding pairs.

January counts appear to be the most appropriate

means for evaluating population trends since (in addi-

tion to the reasons cited above) these counts include a

larger proportion of the population than do breeding-

ground surveys. Unfortunately, January counts are

not of equal reliability on all wintering areas. Geese

concentrate on some wintering areas while the hunting

season is open and are easier to find and count than

after hunting stops and the birds disperse. In such sit-

uations, consideration should be given to censusing

Canada geese in late December, as soon as possible

after the hunting season, but as close as practical to

the January count.

Wildlife agencies must try to obtain the most reli-

able posthunting figures feasible. If bad weather

causes a poor count, especially incomplete coverage,

another census should be taken as soon as practical.

The posthunting inventory should cover all known
Canada goose wintering areas and thus sample as

large a fraction of the population as possible. In

making yearly comparisons, trends must be based

only on data from the wintering areas censused in all

years being compared. Additionally, small Canada

geese counted must be eliminated when the status of

the RMP is evaluated. This is especially true for

Central California, although some small Canada geese

also occur in Northwestern Nevada and Eastern Ari-

zona, as well as perhaps in Western Arizona and

Southern California.

Given the importance of these posthunting cen-

suses, efforts should be made to determine both the

accuracy and precision of aerial counts of Canada

geese on wintering areas. Unfortunately, improving

the accuracy of one-time aerial counts of Canada goose

concentrations will be difficult (see Caughley et al.

1976).

Data from wintering-ground as well as breeding-

ground surveys should be summarized yearly by the

RMCGS. In this annual report, care should be taken to

show trends based on strictly comparable data. Also,

we suggest that the arrangement of the information

according to the reference areas that we have defined

would help standardize data presentation and inter-

pretation.

Banding Programs

The present study has shown, based on band-

recovery distributions, the relations between breeding

and wintering grounds on a reference area basis.

However, since the wintering areas of all nesting

flocks have not been determined conclusively, pre-

season banding is needed on specific nesting areas.

Geese should be banded in central Alberta to delineate

the population's northern limits, and on selected

nesting areas in Alberta, Montana, and Wyoming to

clarify the boundary between the RMP and HLP. The

boundary between the RMP and the PP can be better

understood if additional geese are banded on nesting

areas in southwestern Idaho and throughout Nevada.

We have calculated the number and distribution of

banded geese needed to measure annual survival and

recovery rates of Rocky Mountain geese (unpublished

data). Discussions with the appropriate wildlife offi-

cials lead us to conclude that it is not feasible to obtain

the required samples. For this and other reasons, we
concur with Raveling (1978:223) where he suggests

that "Serious consideration should be given to ex-

changing routine agency banding programs for color-

marking programs and the assignment of a biologist
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to 'live' with each population subunit of interest to

obtain consistency in records of marked in-

dividuals . . . the information gathered would be of

more use, and would not necessarily cost that much
more, if such a marking program were a substitute for

traditional banding. ..." A coordinated color-marking

program is especially critical to assess the rapid in-

crease in wintering geese at American Falls Reservoir

in southeastern Idaho. The buildup at American Falls

could be caused by over-harvest of those flocks which

traditionally migrate to the most southerly wintering

areas (see Raveling 1978). To more fully evaluate the

American Falls situation, geese would need to be color-

marked throughout southern Alberta, Central Mon-
tana, and Southeastern Idaho. However, we caution

against any large-scale color-marking program until

the possibility of mortality from neck-collars (Green-

wood and Bair 1974) is evaluated.

Regardless of when Canada geese are banded or

color-marked, we recommend that all birds be aged

and sexed. Obviously, it is impossible to test for dif-

ferences between age and sex classes unless the basic

data are available. Thus, consideration must be given

to determining the sex of each goose and to classifying

preseason captures as follows (modified from Hanson
1965:116-124): (1) hatching-year (HY), (2) second-year

(SY), and (3) after-second-year (ASY); and postseason

captures as (1) SY, (2) third-year (TY), and (3) after-

third year (ATY). The preseason age classes apply to

geese captured on breeding (classes 1, 2, 3) and molting

(2,3) areas, as well as to inseason captures (1-3). By
convention, 1 January is the dividing point between

preseason and postseason age classifications.

Management Objectives

Canada geese nesting in the Arctic are most closely

associated with man during the winter and migration

periods. In contrast, many western Canada geese live

in proximity to humans throughout the year. For the

RMP, the juxtaposition of man and birds is both detri-

mental and beneficial. On the negative side, man has

decreased, and continues to decrease, the ability of

areas to sustain Canada geese, and sport hunting is

the major cause of mortality in fledged Rocky Moun-

tain geese. Conversely, geese do adapt to many agri-

cultural practices, and there can be no doubt that the

overall capacity of the Rocky Mountain Region to

support geese increased greatly with Caucasian settle-

ment, agricultural development, and controlled

hunting. Development of management objectives

requires that attention be given to anticipated

changes.

In the past, the GBCGS tried to maintain the popu-

lation at a posthunting count of 50,000 geese. This

guideline was in effect for more than 20 years; its net

purpose was to maintain a stable population.

However, considering the quantities of habitats now
known to be available, and the ability of Canada geese

to live in fairly dense units, consideration must be

given to managing for an increasing population. In-

creased crop depredation, with a few local exceptions

in Alberta, California, and Wyoming, would not be a

major problem if the RMP were larger. Eventually an

increasing human population, with the attendant

problems of more intensive agriculture, energy de-

velopment, and water allocation could significantly

degrade the population's habitat base. However, until

such time it is in the best interest of Canada geese, and
those persons who enjoy this resource, to increase the

RMP to a level commensurate with available habitats.

Members of the RMCGS generally recognize that

present breeding- and wintering-ground surveys

detect, at best, only long-term trends, and thus survey

results cannot be viewed as statistically reliable meas-

ures of population levels. With these limitations in

mind, it is the consensus of the RMCGS that the popu-

lation should be allowed to slowly increase. We sug-

gest using two indices to gauge this increase: (1) trends

in posthunting populations obtained with January

aerial counts, and (2) where available, trends in breed-

ing pairs based on spring aerial counts. Trends in

numbers of breeding pairs will be used to pinpoint ref-

erence areas where breeding populations are stable,

increasing, or decreasing. The January counts will be

used to judge the RMP's overall welfare, based on the

most recent 3-year means, and may lead to the fol-

lowing management measures:

January

count Management response

Under 50,000 Consider imposing hunting

restrictions

50,000 to Optimum size, no action; especially if

70,000 survey trends are upward

Over 70,000 Consider reducing hunting

restrictions.

The RMP, based on the 1973-79 January counts,

appears to be slowly increasing. Thus, present hunting

regulations do not seem to be preventing population

growth. However, we realize that the number of Fed-

eral migratory bird hunting stamps (Table 30), and

thus probably the number of goose hunters, are in-

creasing in the Rocky Mountain Region. Conse-

quently, at some future time restrictions on sport

hunting will probably be required to maintain an in-

creasing population. For the present, current regu-

lations seem to be in accord with the objective of allow-

ing the RMP to gradually expand. When restrictions

on the harvest are required, they should be most strin-
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gent in reference areas in which the most birds are now

shot (see Table 30) and where the effect of the restric-

tions can be evaluated. Hunting restrictions should be

applied only to the specific reference areas in which the

goose populations are known to be interrelated.

The RMCGS recognizes that care must be taken to

ensure that geese making the longest fall-spring

migrations, which are generally subjected to more

hunting than short-distance migrants, are not over-

harvested—especially in terminal wintering areas (see

Raveling 1978). If geese using the most southerly

wintering grounds have higher total mortality rates

than geese wintering to the north, the use of tradi-

tional areas on the southern terminus could decrease

and eventually be eliminated. This would be a serious

management blunder; although flocks can be reintro-

duced on nesting areas, there are now no proven

methods for reestablishing wintering flocks in specific

areas. As stated by Raveling (1978:222), "The best

chance to obtain the desired distribution of geese,

especially in the south, is to protect the remnant . . .

subunits from harvest before they reach their winter

terminals. This will require the capture and iden-

tification of these . . . subunits and an extraordinary

degree of cooperation among political units. ..."

The anticipated development of various natural re-

sources, and an expanding human population, will

cause relatively rapid environmental and technological

changes throughout the Rocky Mountain Region.

Thus, the management guidelines we have offered

should be reviewed and updated whenever circum-

stances warrant.

Summary

This study, and the band recovery patterns of

Canada geese examined by other biologists, showed

that the western Canada goose should be managed as

two populations, the Rocky Mountain (RMP) and

Pacific (PP). The RMP is highly migratory, whereas

the PP is more sedentary and often winters on or near

the nesting areas (excepting PP birds from Canada

which migrate annually). This report is concerned

mainly with the RMP— specifically, the population's

distribution, habitats, and management.

The range of the RMP includes the Rocky Mountain

States west of central Colorado, along with south-

western Alberta, Arizona, Utah, and California south

of Sacramento. The geographical distribution of over

19,000 recoveries from Canada geese banded in

Alberta and the western States in 1938-73 was exam-

ined to define the population and the geographical

units within the population occupied by geese with

similar breeding-ground and wintering-ground affin-

ities. Fifteen units, termed reference areas, were recog-

nized. Only 1 of the 15 reference areas was used by a

relatively nonmigratory flock; this flock nests and
winters in Northwestern Nevada and is considered

part of the RMP.
The present delineation of the RMP has two major

shortcomings: (1) the population's northern border in

Alberta is incompletely known, and (2) the boundary
between the wintering ranges of the RMP and the PP
in central California is not completely known. The loca-

tions of these borders can be clarified by future

banding or color-marking projects in selected areas.

The evolutionary history of the western Canada

goose is unclear, but moffitti is apparently closely

related to the giant Canada goose. The taxonomy of

these two subspecies is in a state of flux. However,

moffitti and maxima are similar in terms of blood

serum proteins and long-distance molt migrations.

Also, moffitti and maxima show only clinal differences

in coloration (light to dark) and body size (large to

larger). We speculate that the expansion of the nesting

range of moffitti east of the Rocky Mountains, evi-

dently the western edge of the original range of

maxima, occurred only since Caucasian settlement and

the attendant alterations of Alberta's grasslands.

The western Canada goose, including members of

both populations, commonly make postspring and pre-

fall movements from nesting to molting areas and

return. These molt migrations consist mainly of pre-

breeders and unsuccessful nesters. Over half of the

molters in the RMP apparently go to subarctic Canada
each year to grow new flight feathers. The specific

locations of molting areas used by western Canada

geese in northern Canada are unknown, although band

recovery axes and previous studies by Canadian biol-

ogists suggest the Northwest Territories between lati-

tude 60° and 66° N and longitude 96°and 106° W.

The breeding biology of the western Canada goose

has been extensively studied. Data were summarized

on nesting chronology, breeding age, clutch size,

nesting success, and other aspects of their breeding

biology. Despite the numerous studies spanning over

three decades, factors causing reproductive variation

in moffitti are poorly understood. We suggest that

future researchers investigate the feeding ecology of

geese on wintering and nesting areas as related to

physical condition and variations in clutch size,

nesting success, and gosling survival. The locations of

nesting and brooding sites as related to food resources,

reproductive success, and survival also deserve study.

Artificial nesting platforms were found to increase

goose production in terms of somewhat larger clutches

and significantly higher nesting success (P < 0.01).

In addition to examining banding and breeding data,

we conducted an inventory of Canada goose habitats

in the Intermountain Region. The habitat inventory
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was limited to nesting, molting, and wintering areas

known to be used by Canada geese in the early 1970's.

The known distribution of Rocky Mountain geese indi-

cated that about one-third of the nesters each used

flooded bottomlands and rivers (33%), lakes and reser-

voirs (36%), and marshes and waterfowl impound-

ments (31%). Nesting birds were roughly divided

evenly within the three habitat combinations, except

on lakes and reservoirs where a higher percentage of

the known nesters used reservoirs (7% lake use vs.

29% reservoir use). Geese nested in all but the three

most southern of the RMP's 15 reference areas. Major

breeding grounds were in three reference areas: South-

ern Alberta, Southeastern Idaho, and Northern Utah.

More than half of the RMP's estimated 37,000 molt-

ers (about 22,000 birds) migrated outside the Inter-

mountain Region to molt. Most of the rest remained in

the region, where they used 19 known molting areas in

the early 1970's. Of the molters staying within the

region to molt, about three-quarters used reservoirs

and the rest lakes. In general, large bodies of open

water relatively free of human disturbance were the

preferred habitats for Canada geese molting within the

population's nesting range.

Geographically, the population's most heavily used

wintering regions were, in order of mean use during the

early 1970's, Southern California, Southeastern Idaho,

and Central California. Reservoirs and adjacent farm-

lands supported 64% of the known wintering popu-

lation; waterfowl impoundments and rivers were of

equal but secondary importance (16% each). The
importance of reservoirs and waterfowl impoundments
pointed up the dependency of the RMP on man-made
wintering areas.

State and Federal wildlife areas were important to

both nesting and wintering Rocky Mountain geese.

Within the RMP's range there were 35 State and 24

Federal management areas used by Canada geese;

many of these areas provided sanctuary for geese

during the hunting season and fostered dispersal of

the wintering population.

Although available information was inadequate for

modeling the RMP, we approximated the population

as consisting of some 70,500 birds (33,800 breeders

and 36,700 nonbreeders) in the spring and 113,400

(68,000 adults and 45,400 immatures) in the fall, before

the hunting season. Mean annual survival rates aver-

aged 53 ± 2% (X ± SE) for immatures and 64 ± 1%
for adults, for Rocky Mountain geese banded on

nesting areas. Mean annual survival rates of adults

banded on molting areas averaged 70 ± 1%. Molters,

most of which are yearlings, probably survive at a

slightly higher rate than breeders, most of which are 3

or more years old; this difference in survival rates may
be related to hazards encountered during nesting and

brood rearing. Immatures were 1.3 times more vul-

nerable to gunning than were adults. Hunting ac-

counted for more than 86% of the deaths of fledged

birds in the RMP.
There were no indications that available habitats

were limiting the population. Rather, Canada geese

readily adapt to many agricultural practices and thus

the overall capacity of the Rocky Mountain Region to

support geese has been greatly increased since the

development of agriculture and reservoir construction.

Given the amounts of available habitat, and the

goose's ability to live in dense units, we conclude that

the RMP could be larger.

We consider annual aerial counts during late winter

the most feasible means for assessing the RMP's
status in the immediate future. These counts cannot

be considered as accurate censuses but merely as rela-

tive measures of trends in the posthunting population.

Since aerial winter counts are subject to errors of

undetermined direction or size, no single year's infor-

mation should be used to judge the population's

welfare. Instead, the most recent 3-year mean should

be used to assess population status within the fol-

lowing guidelines:

• A mean of less than 50,000 birds will result in

consideration of restrictions on sport hunting.

• A mean of 50,000 to 70,000 geese will be viewed as

optimum, especially if the trends of winter counts and

spring breeding-pair surveys are upward.
• A mean of more than 70,000 birds will lead to

consideration of liberalized hunting regulations.

Spring aerial surveys will be conducted annually to

monitor breeding population levels. Air-ground

comparisons could be used to estimate more accu-

rately the number of nesters. Estimating the total

spring population would also probably require refine-

ment in aerial counting methods, including adjust-

ment factors for visibility differences among habitats.

The preceding management guidelines and tech-

niques must be reviewed and changed as future condi-

tions warrant.
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APPENDIX A

Definitions of the Reference Areas Used
in this Report

The following reference areas, except Southern

Alberta, were defined by counties. The coordinates in

parentheses can be used when computer tabulations

require approximate definitions of regions by latitudes

and longitudes. Southern Alberta was delimited

according to seven points.

Southern Alberta. This region was outlined as

follows (N. lat., W. long.): 52°00', 112°30'; 51°00',

112°00'; 50°30', 111°30'; 50°00', 111°30'; 49°00',

111°00'; 49°00', 114°00'; and 52°00', 114°00' (roughly

Alberta S. of 52 ° lat. , W. of 1 1 1 ° long.

)

Central Montana. Beaverhead, Broadwater,

Cascade, Chouteau, Deer Lodge, Gallatin, Glacier,

Golden Valley, Jefferson, Judith Basin, Lewis and

Clark, Liberty, Madison, Meagher, Park, Pondera,

Silver Bow, Sweet Grass, Teton, Toole, Wheatland

(Montana W. of 110° long., E. of 113° long.).

Southeastern Idaho. Bannock, Bear Lake, Bingham,

Blaine, Bonneville, Butte, Camas, Caribou, Cassia,

Clark, Custer, Franklin, Fremont, Jefferson, Jerome,

Lemhi, Lincoln, Madison, Minidoka, Oneida, Power,

Teton (Idaho S. of 45° lat., E. of 115° long.).

Western Wyoming. Lincoln, Sublette, Sweetwater,

Teton, Uinta, Yellowstone National Park (Wyoming
W. of 109° long.).

Central Wyoming. Big Horn, Carbon, Fremont, Hot
Springs, Park, Washakie (Wyoming E. of 109° long.,

W. of 106° long.).

Northwestern Colorado. Delta, Garfield, Mesa,

Moffat, Montrose, Rio Blanco, Routt (Colorado N. of

38° lat., W. of 107° long.).

Northern Utah. Box Elder, Cache, Daggett, Davis,

Duchesne, Morgan, Rich, Salt Lake, Summit, Tooele,

Uintah, Utah, Wasatch, Weber (Utah N. of 40° lat.).

Southern Utah. Beaver, Carbon, Emery, Garfield,

Grand, Iron, Juab, Kane, Millard, Piute, San Juan,

Sanpete, Sevier, Washington, Wayne (Utah S. of 40°

lat.).

Northeastern Nevada. Elko, Eureka, Lander, White
Pine (Nevada N. of 38° lat., E. of 117° long.).

Northwestern Nevada. Churchill, Douglas, Hum-
boldt, Lyon, Mineral, Ormsby, Pershing, Storey,

Washoe (Nevada N. of 38° lat., W. of 117° long.).

Southern Nevada. Clark, Esmeralda, Lincoln, Nye
(Nevada S. of 38° lat.).

Central California. Alameda, Alpine, Amador, Cala-

veras, Contra Costa, El Dorado, Fresno, Inyo, Kern,

Kings, Madera, Mariposa, Merced, Mono, Monterey,

Sacramento, San Francisco, San Benito, San Joaquin,

San Luis Obispo, San Mateo, Santa Barbara, Santa

Clara, Sante Cruz, Stanislaus, Tulare, Tuolumne,

Ventura (California S. of 39° lat., N. of 35° lat.).

Southern California. Imperial, Los Angeles, Orange,

Riverside, San Bernadino, San Diego (California S. of

35° lat.).

Western Arizona. Mohave, Yuma (Arizona W. of

113° long.).

Eastern Arizona. Apache, Cochise, Coconino, Gila,

Graham, Greenlee, Maricopa, Navajo, Pima, Pinal,

Santa Cruz, Yavapai (Arizona E. of 113° long.).
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APPENDIX B

Geographic Distributions of Band
Recoveries by Reference Areas and

Banding Types

The distributions, by degree blocks of latitude and

longitude, of recoveries from Canada geese banded in

the Intermountain Region are shown in Figs. B-l

through B-33. Three types of banding information are

presented in these figures: (1) summer bandings of gos-

lings and adults captured on nesting areas, (2) summer
bandings of concentrations of adults and subadults

caught on molting areas, and (3) fall-winter-spring

bandings of geese of all ages captured on migration

and wintering areas. Maps are arranged by reference

areas in the sequence listed in Fig. 1 of text according

to banding types (1) through (3).

Recoveries used in the following figures were limited

to banded normal-wild geese that were reported shot.

Usually, direct recoveries (HSS-1) were separated from

indirect recoveries (HSS-2 through HSS-N). In areas

where both type 1 and 2 bandings occurred in the same
years, all adults were considered as molters (i.e., type 2

bandings) and the goslings (generally very few) were

excluded. Band recoveries used in these figures were

those that were in the computer files of the U.S. Fish

and Wildlife Service as of August 1974 (i.e., recovered

and reported through the 1973-74 hunting season).

The degree blocks in which the geese were banded

are shaded in all figures. Only band recoveries from

sites contributing 10 or more recoveries per map were

plotted. All unaged geese (i.e., FWS Bird Banding

Laboratory age code 00) banded on molting areas were

plotted on the following maps. However, these unaged

birds were excluded in computer tabulations and thus

the number of recoveries on the maps and in some

tables do not correspond.
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Fig. B-27. Geographic distribution of 26 indirect recoveries from migrating and wintering Canada geese banded in- and post-

season in Northeastern Nevada (Ruby Lake NWKI, 1959-60.
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APPENDIX C

Chronologic-Geographic

Distributions of Band Recoveries by
Reference Areas and Banding Types

Tables C-l through C-18 present the distributions of

recoveries for the three banding types and reference

areas according to twice-monthly periods when recov-

ered and State or Province where recovered. The recov-

eries used in these tables were limited to the normal-

wild bandings that were reported shot on a given day

or week. Band recoveries used in the tables of this

appendix were those in the computer files of the U.S.

Fish and Wildlife Service as of August 1974 (i.e., recov-

ered and reported through the 1973-74 hunting

season).
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Table C-l. Chronologic-geographic distribution of 602 direct and 577 indirect band recoveries
from Canada geese banded preseason on breeding areas in Southern Alberta, 1947-73. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15 16-30

October

1-15 16-31

November

1-15 16-30

December January

1-15 16-31 1-15 16-31

Direct Recoveries

Alberta 100.0

British Columbia —
Saskatchewan

Oregon

Washington

Montana —
Idaho

Wyoming

Colorado

Utah

Nevada —
California

Arizona

Others

100.0 96.9 97.0

Total
recoveries

2.1

1.0

1.5

1.5

75.5 13.0

2.0

2.1 1.2

6.1

16.3

20 76 96 66 49

7.

A

48.1

7.4

1.9

1.9

11.1

5.6

3.7

54

1.8

—
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Table C-2. Chronologic-geographic distribution of 413 direct and 424 indirect band recoveries
from Canada geese banded preseason on breeding areas in Central Montana, 1946-73. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September October November December January

1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Direct Recoveries

Alberta

Montana

Idaho

Colorado

Utah

Nevada

California

Arizona

Total
recoveries

—
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Table C-3. Chronologic-geogva.ph.io distribution of 118 direct and 348 indirect band recoveries
from Canada geese banded preseason on molting areas in Central Montana (Lima Reservoir) , 1961-62.
Percentage of shot recoveries from normal-wild geese; sexes combined.

Recovered in:

September October November December January

1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Montana

Idaho

Utah

Nevada

California

Arizona

Total
recoveries

100.0

Direct Recoveries

10.0 — 11.1

10.0 40.0 33.3

80.0 60.0 33.3

22.2

20 15

33.3 26.3

55.6 47.4

11.1

21.1

5.3

9 19

17.1

45.7

11.4 20.0

20.0 60.0

5.7 20.0

35 10

Indirect Recoveries

Alberta

Saskatchewan

Montana

Idaho

Wyoming

Colorado

Utah

Nevada

California

Arizona

Others

Total
recoveries

100.0

5.0
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Table C-4. Chronologic-geographic distribution of 835 direot and 920 indirect band recoveries
from Canada geese banded preseason on breeding areas in Southeastern Idaho, 1947-73. Percentage

of shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15

October November December

16-30 1-15 16-31 1-15 16-30 1-15 16-31

January

1-15 16-31

Direct Recoveries

Alberta

Montana

Idaho

Wyoming

Colorado

Utah

Nevada

California

Arizona

Others

—



82

Table C-5. Chronologic-geographic distribution of 198 direct and 339 indirect band recoveries

from Canada geese banded preseason on molting areas in Southeastern Idaho, 1946-66. Percentage

of shot recoveries from normal-wild gesse; sexes combined.

Recovered in:

Idaho

Wyoming

Utah

Nevada

California

Arizona

Others

Total
recoveries

September

1-15

October November December January

16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15

Direct Recoveries

45.0

25.0

30.0

20

57.7

38.5

3.8

26

40.0
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Table C-6. Chronologic-geographic distribution of 28 direct and 41 indirect band recoveries from
Canada geese banded preseason on breeding areas in Western Wyoming, 1958-69. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15 16-30

October November

1-15 16-31 1-15

December January

16-30 1-15 16-31 1-15 16-31

Direct Recoveries

Idaho

Wyoming

Utah

California

Total
recoveries

85.7

14.3

66.7

33.3

100.0

25.0

25.0

50.0 33.3 14.3

66.7 85.7 100.0

Indirect Recoveries

Alberta

Saskatchewan

Idaho

Wyoming

Utah

Nevada

California

Arizona

Others

Total
recoveries

66.7
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Table C-7. Chronologic-geographic distribution of 256 direct and 451 indirect band recoveries

from Canada geese banded preseason on molting areas in Western Wyoming (Turbid Lake) , 1956-72.

Percentage of shot recoveries from normal-wild geese; sexes combined.

Recovered in:

September

1-15 16-30

October November December January

1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Direct Recoveries

Montana

Idaho

Wyoming

Utah

Nevada

California

Arizona

Others

Total

recoveries

3.1
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Table C-8. Chronologic-geographic distribution of 134 direct and 189 indirect band recoveries

from Canada geese banded preseason on breeding areas in Central Wyoming (Ocean Lake WMA) , 1955-

73. Percentage of shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in: 1-15

September

16-30

October November December January

1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Montana

Wyoming

Colorado

Utah

Nevada

California

Arizona

Others

Total
recoveries

Direct Recoveries

—
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Table C-9. Chronologic-geographic distribution of 434 direct and 836 indirect band recoveries
from geese banded preseason on molting areas in Central Wyoming (Pathfinder and Wheatland
Reservoirs) , 1952-73. Percentage of shot recoveries from normal-wild geese; sexes combined.
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Table C-10. Chronologic-geographic distribution of 2,065 direct and 3,036 indirect band recover-
ies from Canada geese banded preseason on breeding areas in Northern Utah, 1938-73. Percentage
of shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in: 1-15

September

16-30

October November

1-15 16-31 1-15

December

16-30 1-15 16-31

January

1-15 16-31

Direct Recoveries

Idaho

Wyoming

Colorado

Utah

Nevada

California

Arizona

Others

Total
recoveries

100.0 100.0

6.5

1.4

91.9

0.2

556

2.5

0.2

526

2.5

0.3

2.1

0.8

2.1 1.6 0.4

—
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Table 0-11. Chronologic-geographic distribution of 202 direct and 245 indirect band recoveries
from Canada geese banded preaseason on molting areas in Northern Utah (Neponset Reservoir),
1953-73. Percentage of shot recoveries from normal-wild geese; sexes combined.

Recovered in:

September

1-15 16-30

October November December

1-15

January

16-31 1-15 16-30 1-15 16-31 1-15 16-31

Direct Recoveries

Idaho

Wyoming

Utah

Nevada

California

Arizona

Others

Total
recoveries

43.2
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Table C-12. Chronologic-geographic distribution of 221 direct and 193 indirect band recoveries
from Canada geese banded preseason on breeding areas in Southern Utah, 1955-73. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in: 1-15

September

16-30

October November December January

1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Idaho

Utah

Nevada

California

Arizona

Total
recoveries

Direct Recoveries

6.9
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Table C-13. Chronologic-geographic distribution of 18 direct and 24 indirect band recoveries
from Canada geese banded preseason on breeding areas in Northeastern Nevada (Ruby Lake NWR),
1959-68. Percentage of shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15 16-30

October November December

1-15

January

16-31 1-15 16-30 1-15 16-31 1-15 16-31

Oregon

Idaho

Utah

Nevada

California

Total
recoveries

Direct Recoveries

100.0 100.0

50.0

50.0

16.7 — 100.0

83.3 100.0

Saskatchewan

Oregon

Idaho

Colorado

Utah

California

Total
recoveries

Indirect Recoveries

100.0 66.7 — 50.0

33.3

33.3 33.3 — 75.0

33.3

50.0 25.0

40.0

20.0

40.0 100.0
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Table C-1A. Chronologic-geographic distribution of 24 indirect band recoveries from migrating and
wintering Canada geese banded in- and postseason in Northeastern Nevada (Ruby Lake NWR), 1959-60.
Percentage of shot recoveries from normal-wild geese; ages undetermined.

Recovered in:

September

1-15 16-30

October November December January

1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31

Recoveries

Montana

Idaho

Nevada

California

100.0 100.0 60.0

20.0

20.0

14.3

28.6

57.1

66.7

33.3 100.0

Total
recoveries
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Table C-15. Chronologic-geographic distribution of 201 and 195 indirect band recoveries from

Canada geese banded preseason on breeding areas in Northwestern Nevada, 1954-69. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

Nevada

California

Total
recoveries

September October November December January

1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15

22 17 16 28 52 42 23

16-31

Direct Recoveries

100.0 100.0 93.8 92.9 92.3 95.2 73.9 100.0

6.3 7.1 7.7 4.8 26.1

Indirect Recoveries

Alberta

Oregon

Nevada

California

100.0 6.7
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Table C-17. Chronologic-geographic distribution of 61 indirect band recoveries from Canada geese
banded postseason on wintering areas in Southern Nevada (Overton WMA) } 1966-67. Percentage of
shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15 16-30

October November

1-15 16-31 1-15

December

16-30 1-15

January

16-31 1-15 16-31

Recoveries

Saskatchewan

Idaho

Wyoming

Utah

Nevada

California

Total
recoveries

25.0

25.0 14.3

50.0 100.0 71.4

14.3

50.0

25.0

25.0

10.0

30.0

30.0

30.0

10

7.7

61.5

30.8

13

6.3

81.3

12.5

16

100.0

Table C-18. Chronologic-geographic distribution of 66 indirect band recoveries from Canada geese
banded postseason on wintering areas in Southern California (Saltan Sea NWR), 1967-69. Percent-
age of shot recoveries from normal-wild geese; ages and sexes combined.

Recovered in:

September

1-15 16-30

October November

1-15 16-31 1-15

December

16-30 1-15

January

16-31 1-15 16-31

Recoveries

Alberta

Saskatchewan

Montana

Idaho

Wyoming

Utah

Nevada

California

Arizona

Total
recoveries

100.0

27.3

9.1
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