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ABSTRACT

Lesser Snéw Geese are the most numerous geese in the world. Bi?dé
from the population breeding in the eastern Arctic of Canada migrate through
mid-continent North America and form an important recreational resource for
people in both Canada and the United States. They also provide an'impor—
tant food source and cultural componént for native people of Canada., Dur-

ing the past seven years harvests in North America have approached 500,000

annually. Eastern Arctic Snow Geese have the potential to provide even

mere recreational opportunities. However, presently used data bases are
soft and cannot be applied to inmovative management stratégies. Increased
recreational benefits can only accrue from increased accuracy and precision
in estimated population parameters. Failure to accede to needed.improve—
ments will be detrimental to the spggies and to the future of sport hunting,
To resolve problems.associated with use of imprecise measures, a ten-
year banding program is proposed. It addresses imperatives ocutlined in the
Mid-continent Snow Goose Management Plan. Eleven cobjectives are presented.
All seek to obtain statistically and biologically sound population attri-
butes. The joint venture amongst the Canadian Wildlife Service; the U.S.
Fish and Wildlife Service; the provinces of Manitoba, Ontario and Quebec
and states of the_Mississippi.and Central Flyways will seek to fulfill
those objectlves by 1987.
In Arctic Canada, hellcopter supported banding crews will capture,
sex and band samples of each of 16 cohorts in 13 strata. These strata,

located on West Hudson Bay, Soﬁthampton Island and Baffin Island contain ¥

37, 15 and 42 percent, respectively, of the breeding birds in the mid-

continent population.
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A pilof banding étudy will be conducted on West Hudson Bay in 1977.
and 1978. Annual estimated costs for the pilot program are $101,000 in
1977 and $111,000 in 1978. Commitments are requlred immediately for 1977.
Analysis of results will form the planning and sampling basis for the com-
prehen51ve operational program in the above three regions between 1979 and
1985, A concurrent reward bandlng scheme will be initiated in 1979 to
measure band reporting rates. Annual updates of results will be made to
co-operating agencies. The finél compleﬁion reﬁort will be published and
distributed in 1987.

During the course of the'operational program, annual estimated costs
will rise from $413,000 in 1979 to $741,000 in 1985. Grand total costs
of the banding,‘auxiliary breeding population census and recovery analyses
will be $4,063,500. Any pooling of strata or cohorts and resultant reduc-
tion in banding samples required could reduce the grand total.’ An addi-
tional $250,000 to $1,500,000 will be required to fund the reward banding
scheme. Firm estimates will be presented for the operational banding

program and reward banding scheme after pildt program evaluation in March,

1979.

The large budget cannot be funded by a 51ngle resource agency. Costs
will have to be apportioned to all North American users of the resource.

At present, non-integrated programs and fragmented resource allocation
lead to distressing and wasteful managgment approaches. Proposed co-
operative programs, designed to pool money and manpower will shif; emphases
to improving quality of the data base. The shift is mandatory if intelli-
gent judgements and iﬁformed decisions are to be made.  The &egree to which
goals, presented‘in the overall Management Plan, are achieved will bé deter-

mined by the mix and strengths of all basic population attributes measured.
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After a decade a practical and theéfetical core of information will be
available which applied in the aggregate can.only lead to more enlightened
managément of migratory birds.

What prospects are open_aftér completion of the deéadal program?
Provided reasonable estimators for all population attributes are determined
and simulation models that édequately test the sensitivity of each para-
meter to goél.achievement afé constructed, less costly and much lower scale
programs should suffice for future quality moﬁitoring. Cost effective pro-
grams which either maximize harveété or optimize all recreational benefits
will follow.

After thorough,review, approval of the banding proposal and objectives
contained therein is sought frbm all potential cooperating agencies. There-
after, agreement on active participating and long~term commitment of funds

should be made. A time for decision.
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INTRODUCTION

Lesser Snow Geese (Anser caerulescens caerulescens) are the most
numerous geese in the world. Several million birds nest in arcﬁic
colonies. Two major populations have been delineated. The Eastern Arctic
population migrates through and winters in the Central and Mississippi Fly-
ways, and tﬁe Western Arctic - ﬂrangel Isiand population winters in-
the Pacific Flyway. The eastern population is four times larger than
the western (Figure 1). |

Fastern Arctic Snow Geese are a méjor waterfowl resource within
central North America, providing millions of.recreation hours for
naturalists and hunters. They also serve as an important food source and
cultural component for native peoples of the Hudson Bay regiom. Both
sport- and subsistence harvests will certainly increase over thé next
deca&e. As populations are_stressed-through'increased usage a con—
;ommipant need will arise for more precise measures of Snow Goose vital
statistics. A better understanding of population parameters will be
needed for future resource allocation.

Central and Mississippi Flyway winter inventories indicate that the

number of Snow Geese equals the number of Canada Geese (Branta canadenstis

" ssp.) and White-fronted Geese (Anser albifrons) combined (Table 1}. Re-

cently developed photographic inventories indicate an even higher proportion
of Snow Geese to other geese, as visual estimates of Snow Geese are con-
servative. Curtis and Lumsden (durtis, 1976) estimated 1,650,000 + 131,000
on the Hudson Bay coast 1n May, 1973 vs. 1,037,000 enumerated in December,
1972. Similar counts in May 1974, showed 2,109,500 + 73,000 vs. 1,202,000
in becember, 1973. Kerbes (1975) using aerial photography, estimated

528,700 + 43,600 nests on the breeding grounds in June, 1973 and calculated



a July, 1973 population of 3,517,000 birds: 30% breeders; 25% non-breeders
and 45% young. _In short, visual estimates made on the wintering grounds ..
underestiﬁate numbers of Snow Geese by a factor of two.

Reported harvest estimates for the Mississippi and Centrai Flyways
show annual variations in numbers of geése harvested and proportions of
each species retrieved (Table 2). TFor the 1966-~1975 interval, subspecies
of.Canaaa Geese composed 43.5 percent of the mean annual harvest-wﬁile
Snow Geese contributed 46.9 pefcent (Table 2). While Canada Geese remain
the primary refrieved species in the Mississippi Flyway, Snow Geese are -
fhe leading harvested species in the Central Flyway. Snow Geese are the
prime target species in the southern tier of states in both flyways viz.,
Louisiana and Texas. Proportionally more of the dark morph are harvested
in the Mississippi Flyway than in the Central Flyway (Dzubin, Boyd and .

Stephen 1973; 1975). Overall, mid-continent Snow Geese are an important

‘exploited resource amongst three Canadian provinces (Table 3), five Missi-

ssippi Flyway states (Table 4) and five Central Flyway states (Table 5,

Figure 2).

f
s

Photographic inventories have revealed that the Central and Mississippi -
Flyways winter twice as many Snow Geeseras all other geese combined. Snow
Geese ére an important target species in both flyways. Adequate management
éf this species should reflect a similarly high proportion of expenditure

on research and surveys for the species. The reverse 1s true. At pre-

- gent, the effort being directed at Snow Goose management is only a frac-

tion of that aimed at other geese.
The disproportionate expenditure has resulted in a data base that is
not adequate for defensible management of Snow Geese. The Joint Mississ~

ippi/Central Flyway Snow Goose Subcommittee has recognized the problem



and has formulated a Mid-continent Snow Goose Management Plan (Bateman,
1977). The proposed banding program forms an integral part of the

Management Plan.

THE NEED FOR ACTION

The need to improve the biological data base for Lesser Snow Geese
has been discussed in detail by Boyd (1975). Dzubin et al., (1975) after
completing an indepth analysis of all available Lesser Snow Goose banding
data from 1952-71, concluded "Kncwledge of.basic population parameters for
blue and snow geese remain unsatisfactory for the formulation of sound
management practices and rational exploitation policies". - Analysis of |
17,500 recoveries froﬁ 121,000 bandings defined apparent changes in temporal
distribution of harQest but did not give firm answers to allegations that

interrupted migrations in northern states were reducing recreational

‘opportunities in Gulf states because historical banding:

1. samples were too small or not representative;

2. was not done for enough conseéutive years at most of the large

colonies;

3. was not done simultaneously at all major colonies;

4. technidues (massive ground drives) had harmful side-effects.

. which may have increased mortality, disrupted family groups,
and affected distribution.

There has been no significant.Snow Goose banding on the major colonies -
since 1971. Should population or management crises arise in the future,
questions to be answered will be more profound than those forwarded by the
Joint Mississippi/Central'Snow Goose Subébmmittee in 1972 (Appen@ix 1), vet
waterfowl managers will have a paucity of information to work with. A pre-

planned banding program would provide a significant portion of the



réqﬁired data base.

Good estiﬁa;es of cohort mortality are required to monitor trends in .-
harvest. Lesser Snow Geese a:é considered to be underharvested and effﬁrts
to increase kill in Canada have been successful. There are pressures to
maximize recreational opportunity elsewhere. Continuation and projection
of these trends must be accompénied'by studies of mortality rates in
order to adjﬁst harvest stratégieé appropriately and safeguard this
international resourcé; |

The propesed banding program is designed to monitor population *

stability and results will be used to detect changes in survival of a

- variety of cohorts from a number of strata that may be altered by future

environmental changes. ?Climatic cooling at Southampton and Baffin Islands,
possible overgrazing at ﬁést Hudson Bay colbnies, and oil and minerél
exploration at all regions could have detrimental effects on Eastérn
Arctic Snow Geesg:f The direction of world climatic change has been
widely debated i;xrecent years and there remains disagreement whether

long term trends are for qooler or warmer climate. A recent model of
future climate, which ignores anthropogenic effects, has been proposed bj
Hays, Imbrie and Shackleton (1976). ‘They Predict that the long term

trend is toward extensive Northern Hemisphere glaciation and cooler

climate. Bradley and Miller (1972) provided evidence for a trend toward

cooler and shorter summers In the Southampton and Baffin Island regions.

 This cooling trend could reduce or perhaps eliminate successful nesting

on these regions. West Hudson Bay colonies are not presently threatened
by deteriorating climate, however, they may be affected by over-population
of Snow Geese. Kerbes (1975) calculated that the West Hudson Bay region

was much cloger to its theoretical carrying capacity than were the
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Southampton or Baffin regions. Recent studies of Snow Geese and their
nutritional sources at the McConnell River coloﬁy (Figure 1) suggest-thét
geese may be over-grazing the-available'food supply (Lieff, 1973;
Macinnes'and Ankﬁey, pers. comm.), Furthermore, there is indirect 4
evidence suggesting that Lesser Snow Geese from one or more eastern
Arctic colonies are operating on a reduced nutritional ﬁlane. Tail fans
of immature and adult Blue and Snoﬁ Geese harvested in Manitoba during |
1975 and 1976 had significantly shorter rectrices than Blue and Snow
Geese shot in other prairie provinces (Brace, Smith and Dzﬁbin, 19763
Smith, pers. comm.). Prior to 1975, plumage characteristics of Lesser
Snow Geese shot in Manitqba were identical to those of Western Arctic
Lesser Snow Geese shot in western Saskatchewan and.Alberta (Dzubin,
pérs. comm, },
Iflcooling results in reduced goslihg production on Southamptéﬁ
and Baffin Islands, more accurate population measures will be required
to manage the remaining major West Hudson Bay region. Similarly,
if the West Hudson Bay colonies crash, Séuthampton and Baffin Iéland
regions wili require close monitoring in order to safeguard remaining
Snow Goose stocks. N
All threé regions are threatened Ey adverse environmental effecéér
from human activities related to exploiting eastern Arctic petroleum
and mineral resoﬁrces. Banding and associated studies are required to
monitor status of Snow Geese ﬁn a stratum, colomy, and regional basis.
Information on tempé?al and geogrébﬁic distribution of Hafvest is
required to monitor harvest trends and to assess shifts in harvest

patterns due to changes in Snow Goose distribution. Autumn distribution

of migratory birds is regulated by climatic and other envirommental factors,



“and recent man-made alterations to the enviromment have resulted in

significant redistribution of Lesser Snow Geese. Current banding aﬁ&:&
harvest questionnaire data are not precise enough to.evaluate apparent
changes in harvest patterns associated with changes in autumn distribution -
of geese. A qﬁality banding progrém is needed to assess changgs in harvest
patterns.

Unresolved native land claims circuméqribe much of Arctic Canada. !
These claims may involve areas occupiéd by goose coloniesf Furthermore,
agreements which will guarantee specific levels of_subsistence harvest
of geese will be negotiated over the next degade. Native harvest estimates
generated.from questionnaire surveys could be biased or inaccurate. The
proposed banding program would permit corroboration Qf harvest estiﬁates
derived from questionnaires. Data concerning hunting mortality and
non-hunting mortality are needed to prevent granting of non—sustéinable
guotas that might be detrimental to the Snow Goose resource, and con-
sequently detrimental to sbort hunting in Canada and the United States.

.Wildlife managers in the United States and Canada are accountable fo
anti-hunting groups. Current Snow Goose literature (Sherwoﬁd, 1970;
Dzubin et 21., 1975; Boyd, 1975; Boy&, 1976a) contains numerous statemeﬂts
which point out short comings in our understanding of Snow Goose population
dynamics. Lack. of knoﬁledge endangers future sport hunting. The
proposed banding study will provide part of the data required to measure
the.effects of sport_hunting on Snow Goose populations. The development
of good temporal and geographic harvest estimates will permit the
formulation of rational and defendable Snow Goose hunting regulations.
Techniques devéloped during the study can be applied to other species.

The proposed study will not only increase our kﬁowledge of Lesser



Snow Geese, but will also address several fundamental and presently un-
resolved problems facing migratory bird management. The relationship
between hunting and non-hunting mortality and the effectiveness of re-
ward banding in measuring reporting rates will be studied. Techniques
and programs develoﬁed during the Snow Goose study will increase the
precision of migratory bira managemént as a whole.

An additional justification for the proposed study concerns the
development of an avenue for cost-shared migratory bird programs involving

Canada and the United States. Migratory birds are an international

"resource and thelr future well-being is dependent upon an enlightened

approach to migratory bird managemént.

Expenditures of the magnitude propoged are not inconsistant with past
funding levels. Canadians have spent:$1.i million on Snow Goose breeding
ground research during the past decade (Boyd, 1975). Snow Goose manage—
ment and research costs in the United States are unknown, however, they
are known to exceed Canadian expenditures. The Canadian Wildlife
Service has supported several significant graduate student researéh
projects (Cooke and Mirsky; 1972; Finney, Cooke, Ryder and Seiger, 1972;
Prevett, 19723 Lieff, 1973; Ankney, 1974; Harwood, 1974; Finney, 1975;
Cooke, MacInnes and Pfevett, 1975), and presently provides approximately
$35,000 annually to breeding ground stﬁdies at La P&rouse Bay and McConneli

River, however, Canadian programs for the most part have been piece-meal.

' Wintering ground and migration staging area programs funded by United

States agencies are also of limited value and cannot solely be used to
formulate the basis of long-term population management strategies.

Wintering ground bandings are of questionable value as geese banded are

.of unknown origin and banded samples represent a mixture of geese from



several colonies (Smithy, Martin and Walthers, 1972}, Cooke'gg_gl., (1975)
showed tﬁat the winter range of each breeding colony extends oﬁer a con-
siderable exﬁanse of Gulf coast, overlapping with those of other colonies.
They also showed more genetic exchange between colonies, clarifying Cooch's
(1961) earlier conclusions. Furthermore, winter.inventories bear critical
examination. Results of winter aerial Surveys of Snow Geese have been
proven to be misleading (Kerbes, 1975). Neifher Canadian nor United States
Snow Goose programs caﬁ be considered adéquate for overall population
management. Long-term goal oriented.programs must be developed to deter-
mine and monitor Snow Goose status in order to identify the most sensitive
population parameters. The costs appear substantial, however, congidering
cufrent rates of inflation, the approximately four million dollars required
for the proposed program represents less than tﬁe amounts spent by North

American taxpayers on Snow Geese during the past decade. The proposed

" program will finally provide managers with precise measures of population

characters essential for rational management of this migratory bird resource.

SNOWVGEESE IN THE EASTERN CANADTIAN ARCTIC

Cooch (1961; 1963) suggésted that there had been no major changes in
colony size or gbundance of Snow Geese on Southampton and Baffin Islands.
between 1929 and 1960. These regions have remained relatively stable.
However, since the early 1960's the more southern colonies at Wolf Creek,
McConnell River and Cape Henrie£ta Maria have expanded significantly.

Kerbes (1975) used vertical aerial photography to obtain the first
accurate baseline inventory of the distribution, nﬁmbers, and color ratios
of Snow Geese nesting in the eastern Canadian Arctic (Table 6, Figure 1).

He estimated a total of 1,057,400 nesting adult birds in the pbpulation
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in June, 1973, distributed as follows:

1. Baffin Isliand Region, containing 42% of the total population; in
the large colonies at Bowman Bay and Koukdjuak River, cpnneéted
by the smaller colony of Cape Dominion.

2. Southaﬁpton Isiand Region, containing 15% of the total; primarily
in the large colony at Boas River.

3. West Hudson.Bay Region, containing 37% of the total; mainly in
the large colony at MéConnell River.

4, South Hudson Bay Region, containing.6% of the total; mainly in’
the colony at Cape Henrietta Maria.

The colonies of Baffin Island and Cape Henrietta Maria had a color
phase ratio of 80% to 40% blue, while the colonies of Southampton Island,
West Hudson Bay, and La P&rouse Bay all had from 20% to 30Z blue phase.

Dzubin et al., (1975) divided the population in;o an '"eastern stock",
consisting of Baffin Island and Cape Henrietta Maria and a "western stock"
consisting of Southampton Island, West Hudson Bay and La Perouse Bay.
Since 1971, annual summer banding has been. done only at La Péerouse Bay and
Cape Henrietta Maria. Although those colonies are representative of the |
distribution patterns of the western and easterﬁ "stocks" respectively .
(Dzubin, et al., 1975), they are too small and are located too far south to

safely represent the annual mortality and natality or the growth of the en-

tire stodks. La Pdrousé Bay has one hundredth the population of West Hudson

Bay and Southampton and it 1s almost 400 miles south of Southampton, while
Cape Henrietta Maria has one tenth the population of Baffin and it is
almost 800 miles south of Baffin (Kerbes, 1975). A significant banding
program mugt operate in each of the thfee main regions - West Hudson Bay,
Southampton island, and Baffin Island (Figure 3). The ongoing banding

program at La Perouse Bay and Cape Henrietta Maria should continue during
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that period, so that further comparisons can be made to determine the

representative validity of the southern colonies.

The sedge lowlands used for brood-rearing are vast, extending for

— 150 miles on Baffin Island (Kerbes, 1975). Brood movement is extensive,
o ' however, dispersal is not random and subpopulations may exist (Cooch, 1958;
] :

Prevett, 1972; Lieff, 1973; MacInnes and Ankney, pers. comm.).
Banding will occur throughout major colonies in order to determine if .
subpopulations differ in migration patterns and survival rates.

o Colonies have been stratified (Figures 4, 5 and 6) and banding will be

- ) conducted in each stratum to test for inter-area variation.
_J
'7 . BANDING OBJECTIVES

Desirable objectives:

1. To determine anmnual survival rates, within a precision of + 5%
for a maximum of 12 adult color and sex cohorts and + 10% for a
maximum of four immature color and sex cohorts in a maximum of 13
strata (Seber 1970; 1973).

i < 2. To'dgtermine annual survival rates, using capture-recapture
: techniques, and to relate these to the above estimates (Brownie,
] : Anderson, Burnham and Robson, 1976).

- . 3. To determine temporal and geographical distribution patterns of band
- recoveries at a high level of precision, using standard leg bands in
- conjunction with reward bands, and to relate harvest patterns and

' harvested numbers. '

] 4. To precisely relate major harvest areas with colony origins of banded
birds, by plotting recoveries by latitude and longitude and weighting

o resulte with measured band reporting rates calculated from a reward

o banding study.

o 5. To measure the extent and magnitude of inter-colony movements of age

j ' and sex cohorts, using recapture techniques. '

6. To attempt measures of the size of the mid-continent population, using
band recovery and harvested numbers (Boyd, 1976b).

i 7. To determine direct band recovery rates and relate annual differences
! to harvest pressure and changes in regulations (Brownie et al., 1976).
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3. To calculate relative recovery rates between age and sex cohorts and
dark and white morphs.

9. - To determine the proportion of the annual mortality due to hunting and
to non-hunting causes, using results of a reward banding scheme. '

10. To document any shifts in migration corridors and to -document any
"abnormal” delays in temporal patterns of movement, by relating band
recovery patterns to meterological and envirommental factors.

11. To determine the proportion of the population that is harvested, i.e.,

recovery rate/reporting rate, using results of a reward banding
scheme (Henny and Burnham, 1976).

Adjunct objectives:

12. To determine photographically abundance and distribution of nestin
birds on each of 13 colonies in 1979, 1982 and 1985 and four colonlies

in 1977 and 1978.
13. To determine more precisely, crippling losses areally and temporally.

14. To estimate natality or recruitment rates annually from each colony,
using visual or photographiec surveys (Lynch and Singletomn, 1964;
Hanson, Lumsden, Lynch and Norton, 1972).

15. To mathematically model colony and population dynamics, using estimated
attributes. Simple simulation models, incorporating components of
weather, predation, abundance, age structure, physiological state, food
availability, native harvest, sport harvest, survival, recruitment,
and emmigration will be constructed.

Attainment of banding objectives will not fulfill all goals

outlined in the Management Plan. Coincident improvements in harvest, re-

crultment and abundance estimators-must follow. It becomes apparant that
the complexities of mid-continent Snow Coose management can only be unravel-
led and addressed £hrough ponstructing opeﬁ-ended, dynamic systems models
(Watt, 1968, Walters and Gross, 1972). Simulation studies which test

the validity of presently dpplied practices and which explore consequences
of innovative strategles on harVEsting.policy should be part and parcel

of future thrusts. Parameters wﬁich are found to be mosf gensitive to
creating oscillations or inducing positive changes in the model should

be defined and pursued. Such sensitivity tests can only lead to optimizing
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allocation of funds for future management efforts and serve as guides to

the precision required of each estimator.

PROTOCOL

1. The banding program is to be a2 co-operative joint venture of the
Canadian Wildlife Service} the U.S8. Fish and Wildlife Service; the
'provinces of Manitoba, Ontario, and Quebec and the states of the
Mississippi and Central Flyways. Hereafter, the aforementioned
agencies will be referred to as the co-operating agencies. The
-Northwest Territories Fish and Wildlife Division, Queen's University,
the University of Western Ontario, James Bay Development Corporation,
and Ipuit Tapirisat of Canada will be associate co-operators.

2. Prior to, and during the arctic banding operations, close liason will
be maintained with residents living near the banding regions. The
" Inuit will be fully advised of all plans and basic approval by
Inuit representatives will be requested before any field operation
beging.

3. All bands are to be assigned to the Surveys Coordinator, Research and
Surveys Section, Western and Northern Region, Canadian Wildlife Service,
Sagskatoon, who will be designated chief permittee. All bands will
be re-issued to leaders of banding crews who will be responsible as
subpermittees for placing and recording the bands correctly and
submitting appropriate forms.

4. A Canadian Wildlife Service representative is to lead each crew.
Crews will be composed of knowledgeable biologists and technicians
from co~operating agencies. Suitably qualified non-agency biologists
or Inuit may be hired on contract to complete crews.

5. Funds to cover expenses of the field banding operations, analysis of
recoveries, and the reward banding scheme, are to be provided by the
co~operating agencies, according to a mutually acceptable pro rata
agreement.

6. The Wildlife Management Institute, Washington, D.C., will be the
designated institution for payment of invoices for expenses of banding
and analyses incurred in Canada.

7. The Canadian Wildlife Service will be responsible for organizing
the logistics of the banding operations, including the purchase
and positioning of supplies, leasing of helicopters, etc.

8. The Canadian Wildlife Service will determine the details of equipment
and techniques to be used in the field operations (see Methods).

9. A field operation committee, chaired by a member of the Canadian
Wildlife Service and composed of representatives of the co-operating
agencies, will be responsible for planning and reviewing field
operations. : ‘
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10. An analysis committee, chaired by the Surveys Coordinator, Canadian

Wildlife Service and composed of . representatives of the co-operating
agencies plus contracted statistical experts, will be responsible for
statistical planning and analyses of the banding and the resultant =
recoveries.. The analysis committee will set anmual strata and cohort
quotas for banding, and be responsible for detailed amnual reviews of
the preliminary analyses and for final analyses and the publishing of
a completion report. Any and all co-operating agencies will have free
access to the banding and recovery results for use in their own
analyses - but for management and administrative purposes only.
Recapture results will reside with the analysis committee. Formal
scientific publication of results will reside with the analysis

" committee and any designated authors.

11. The analysis committee will provide annual reports to the winter

meetings of the Mississippi and Central Flyway Council Technical
Committees.

PLANS, METHODS AND REQUIREMENTS
A two year pilot banding program will begin on the West ﬁudson Bay
region in 1977. The major.objéctive of the pilot program is to address
and resolve logistical problems assoéiated with banding large numbers
of Snow Geese. Following the pilot program, a seven year opefational
banding program will begin at West Hudson Bay, Southampton_Island and

Baffin Island regions. The operational program will provide measutres

of population characteristics essential for sound management of Snow Geese.

Banding Sample Sizes

The banding sample sizes required to fulfill the study objectives

are based on numbers of recoverles needed to use recently developed age-

specific survival estimating programs. Two programs, the Brownie-Robson

(1976) age—dependant program and the Johnson (1974a) survival rate

estimating program were congidered.

Dr. David R. Anderson (pers. comm.) recommended using the Brownie-

Robson program and advised that banding should be conducted for seven:

years. TFollowing his suggestions, required sample sizes were derived by
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Newell and Butler (1977) from chapter 8, Brownie et al., (1976). Newell
and Butler (loc. cit.) indicated that the number of bandings required
varies with length of the banding program, survivai rate, recovery rate
and desired level of precision. Average adult survival rate (0.76), |
average immature survival.rate {0.38), and average reéoﬁery rate (0.05);
were calculated from previous Lesser Snow Goose bandings. Based on ’

recoveries from those bandings, estimation of annual adult survival

rates within confidence limits of +5% (C.V. = 0.025) and annual immature

' survival rates within +10% (C.V. = 0.05) at a 95% confidence level,

will‘require banding 1,623 adults and 2,640 goslings annually for each

color morph and sex class studied. Johmson (1974b; pers. comm.) examined

preliminary Snow Goose banding sample size,réquiremehts and_concluded

that the p#oposed samples would be adequate to estimate survivai
using_the'jéhnSOn method.

To test for differences in recovery patterns and survival rates
between various color phases and agé and.seX‘classes, it will be necessary
to band eilght adult cohorts, four yearling cohorts and four gosling cohorts
(Tables 6 and 7). Statistically, the number of required bandings then
becomes 12,984.adu1ts; 6,492 yearlings and 10,560 goslings annually.
Testing for differences between 16 cohorts for five geographic strata
identified on each of West Hudson Bay and Baffin Island regions and for
three strata on the Southampton Island region will theoretically require
banding 150,000, 150,000 and 90,000 geese, respectively during each
year of the seven year operational program,

The above sample sizes, although statistically sound, are idealistic,

and may not be physilcally attainable due to:



i5

1. dinsufficient numbers or absence of certain cohbfts in some strata:

2. inability to differentiate between sucéessful and nonsuccessful
adults;

‘3. limitations of available manpower;

4, unforeseen problems, such as long periods of inclement weathef,
mechanical problems with helicopters, etc.

The banding sample sizes proposed above are tentative and subject

to change. Tﬁey will be modified after preliminary results of the two

year pilot program are analyzed and tested.

Pilot Program

The two year pilot study is designed to determine the most efficient

methods of banding large numbers of geese, the maximum numbers of geese

that can be banded by crews of various sizes, what cohorts can be successfully

banded and where future banding effort should be directed. The two year
banding study alone will not provide the data required to calculate
mortality nor develop sound management practices.

Helicopter supported banding methods will be used exclusively as
these techniqﬁes have proven to be the most efficient method of capturing
representative samples of geese over wide expanses of breeding range.
Methods and techniques for helicopter supported banding have been developed
and improved by various workers in Canada (Pakulak, Heyland, Kerbas;
Maclnnes, Finney, Cooke, Barry, Caswell, in litt.) and in Alaska (Timm and
Bromley, 1976);' Equipment and techniques which have proven to be the most
efficient in terms of maximiéing sample sizes without causing any
significant mortality to geese or crews will be used ‘and ‘an effort wili

be made to dévelop new and improved methods during the pilot study.
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Twenty field-workers and two helicopters will be utilizéd during the
pilot program. The 20 field-workers will be divided into five.crews, how¥
ever, experiments will be conducted to determine optimum crew size, and
consequently the size and number of crews might be altered. Disfance be-

tween captured geese and camp, and cost effectiveness related to shuttling

additional crew members versus seeking other groups of geese will be

considered in order to develop the most efficient banding situations.

It is estimated that a four man crew can capture, séx and band 1,000
to 1,500 geese per day. Over a 20 day period, five crews operating af West
Hudson Bay could conceivably band up to 150,000 geese. The actual number of
geese banded will probably fall well short of the statistically desirable
150,000 objective, however, this will not preclude using results of the
two year pilot study for planning strategy for the seven year operational
program. It must be stressed that the 150,000 number is only essential
for precisely-measuring survival for 16 cohorts from five different |
strafa over a seven year banding study, and thié value is not a minimum
measure upon which the success or failure of the pilot program rests. |

The pilot study will not only determine the number of bandings physi-

‘cally possible, but will demonstrate feasibility of capturing all cohorts.

It may not be possible to capture some cohorts br their small numbers méy
create a pofentiai for éverbanding minor cohorts. The estimated size of
each of 16 unique cohorts for each of five.Weét Hudson Bay strata (Figure 4)
is given in Table 7. Each stratum will be surveyed at the time of

banding to verify the numbe; of geese and proportion of.each cohort -
pregsent. No attempt will be made to band‘cohorts not adequately
fepresented within a given stratum. Tor example, if-yeafling groups are

not present on any strata, or if yearlings are not numerous enough to
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be treated separately, the total number of bandings would be reduced by
33,000. If nest-failed and nonproductive adults join prodhctive.groups,
it may not be possible to identify the four nonproductive adult cohorts.
This would reduce the total banding objective by 33,060.

The pilot project will indicate where future banding effort should
be direcped. Examination of-diredt-recovery patterns may indicate that
certain similar cohorts show no significant differences in temporal
and geographic distribution of recoveries. Once the maximum number of band-
ings physically possible is determined, the above information will be used
to pool similar cohorts., Furthermore, there is no published evidence
to indicate great differemces in distribution from adjacent strata.

This assumption must be tested to reduce any biases associated with
extrapolating results from localized banding. The pilot study may reveal
that similar.cohorts‘fIOm neighbouring strata have identical tempﬁral

and ‘geographic recovery patterns, inferring that such strata'caﬁ be
lumped. Pooling similar cohorts and/of luﬁping strata would greatly
reduce the number of bandings required to measﬁre survival during the

seven, year operational program.

Operational Program

Final banding requisites and improved banding techniques developed dur-

ing the pilot program wlll govern the operational program that will be con-

ducted at Wesi»Hudson Bay, Southampton Island and Baffin Island regions

from 1979 to 1985.
Assuming that pooling of cohorts and strata will reduce required .

sample sizes, a minimum of 50,000 geese will be banded on each region

during each of the seven years of the operational program. These large
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numbers of bandings will require two helicopters and four crews on each
of the Vast'West Hudson Bay and Baffin Island regions and one helicoﬁter
and two crews on Southampton Island.

Banding operatlons will begln when adult geese enter the fllghtless
period of their annual molt. Although goslings can be banded when they are
two to three weeks of age, they will not be banded_until three or four
weeks of age to minimize potential mértality. On West Hudson Bay they
reach that age about 25 July. Goslings begin to fly at about six
weeks of age. This gives a three week potential banding period from.

25 July to 15 August. The phenology on Sou;hamptqn Izland and Baffin
Island is about five to ten days later, giving an equivalent banding

period of 1 to 21 August for banding the adults and young. Banding of
nonfbreeding geese can begin in all regions in early July, since they

have a synchronous molt throughout the Arctic.

Reward banding

Reward banding is an effective tool used extensively to increase
reporting rates in fish tagging prﬁgrams (Brownie et al., 1976). More
recently reward banding has been introduced into continental waterfowl
banding studies. Henny and Burnham (1976) used reward bands in con-
‘jﬁnction with standard leg bands to measure band reporting rates for
mallards (Anas platyrhynchos). Boyd (1976a) discussed the urgent need
for determining band reporting rates for Lesser Snow Ceese.

ngard banding will be implemented in 1979. .The number and distribu-
tion of reward bands to be applied at each coleny will be determined
following analysis of data collected during the two year pilot banding

study at West Hudson Bay. Ratio of standard bands to reward bands will
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be based on.recovery rates measured during the pilot study. Reward bands
will be used to measure reporting rates for all age, sex, and color
phase cohorts exhibiting unique recovery patterns.

Ten dollar reward bands were used during the previously meﬁtioned
mailard study (Henny and Bﬁrnham, loc. cit.). The actual reward to be
paid for Snow Goose reward bands will depend upon the finances available
for reward banding and determination of number of reward bands that need
be applied. Estimated maximum and minimum costs for reward banding,
and appropriate aséumptions determining these costs are given in Table 8.
These éstimates range between $250,000 and $1,500,000.

It is acknowledged that reward banding will be éxpensive, however, it
forms an essential component of the stﬁdy. Five of 15 study objectives
depend upon results obtained from the techmique, including determination of:

1. temporal and geographic estimates of kill;

2. difect band recovery rates and relating annual differences to

harvést pressures and changes in regulations;

: 5. band'reporting rates areaily and temporally;

4, annual hunting and non-hunting mortality;

5. the proportion of the population that is harvésted (i.e., recovery

rate/reporting rate).

Although estimates of reporting rate are not essential for new survival
estimating programs, Brownie et al., (1976) pointed out that the use of re-
ward bands with standard bands can result in increasing total number of
recoverles by two or three fold, and henée the precision of parameters being

estimated can be increased by utilizing reward bands with standard bands.
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Capture — recapture methods

Capture - recapture techniques to determine dispersal and population
estimators of animals have widespread use, especially within insect aﬁd .
fish groups (Jolly, 1965; Southwood, 1966} Cormack 1968; Seber, 1973)
Their application to the Anatidae has been restrlcted to survival
estimators through leg marking and neck banding individuals on breeding
areas and subsequent sightings on lpcalized wintering grounds, e.g.,
geése, and to recaptures of leg bapded ducks on specific molting lakes, e.g.,
pintails, Anas acuta (Andersen and Sterling, 1974). Applying Jolly-Seber
methods, Anderson and Sterling (loc. cit.) used recaptures of molting
pintails over three years to estimate survival rates and successfully
compared those with estimators derived from band recovery data (after
Seber, 1970). Although Jolly's methods have been extended by Arnason
(1972) and Arnason and Kreger (1973) to stratified sampling operations,
they do not include cases for both age - and year - dependant survival
(Brownie et al., 1976). Development of new techniques to analyze
annual recaptures of previously banded birds could be pursued with
Dr. A.N. Arnason, Department of Computor Scilences, University of Manitoba,
Winnipeg. |

The seven year operational banding proﬁram (plus two year pilot at Wést
Hudson Bay) will blanket the fhree major breeding aréas of Snow Geese
containiﬁg 94 percent of the breeders.. Therefore, opportunities will
exist to corroborate population, survival and mobility estimators from
analyses of annual recapture data over six years.

A confounding factor, to any proposed analyses, is the magnitude of
inter - and intra-colony mobility. Because of a historical lack of

coincident bandings, the extent of colony interchange ig difficult to
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measure. Howe#er? after examining all available recapture @ata,
CookE'EE_gl., (1975) concluded there were sex SPecificjdifferences in inter-
change ﬁafterﬁs. Generally, fémale goslings returned to their natal
colonies to breed but few males did. Adult feméles persisted in their
high homing rates over years while adult males tended to show higher
rates of emigration to other colonies.

As pairing occurs prior to the neéting geason and there is considerable

 overlap of wintering ranges and spring migration corridors of individual

cqloniés, opportunities for inter-coleny matings exist. In a heavily
hunted population with high chance of pair break up, subsequent re-pairing
occurs. Re-paired females show hiéh philopatry and return to their
previously used nesting gréundé, whereas males accbmpany new mates to

the colony where the female had nested. Cooke et al., (loc. cit.)
suggestéd that in the large McConnell River colony, more widowed males
could be expected to remate with McConnell River females. The authors
present formulae which could be used to calculate survival rates of both
sex cohorts from recapture data, provided certain assumptions were not
violated.

Assuming a bare minimum of 50,000 geese are banded annually for seven
years in a stable July population of one million (half of them.adults) and,
if population mortalify approaches 40_percent annually, at the end of the
seventh year one in eight to temn "adults" might hqld leg bands. The
number of recaptures in each banding region is, therefore, expected to
bé large. Such masses of reéapture data can provide accurate and precise
survival estimators provided that sampling procedures are planned,

necessary assumptions evaluated, and sound theoretical techniques

are developed.
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Auxiliary survevs

Surveys supplementary to goose banding will improve. the Snow Goose
data base. Two independent surveys are required. A nesting ground
photographic survey is needed to measure the size of the successful

breeding population, and a recruitment survey is required to estimate

“the annual production of young in each colony.

At present, there are no survey techniques which provide recruitment
data with confidence limits Qth%) comparable to these of the photographic
nesting census (Kerbes, 1975). Hanson et al., (1972) have successfully used
small format aerial photography to estimate a mean percent young and a
mean brood size, however, they did not attempt to calculate confidence
intervals for their estimates. It is difficult to measure recruitment on
colonies. Gosling to adulf ratios can be misleading as nonproductive
adults, nest~failed adults, and yearlings sometimes join successful
adult—gosling groups. Photographic images of noqubreeders cannoﬁ be
separated from those of successful adults, unless the suécessful adults
and their young are photographed as.isolated families.

Hanson 95‘32;, (loc. cit.) and Dzﬁbin (ig_liég.) have demonstrated a
relationship between mean brqod size and percent young in Snow Goose
populations. Hanson et al., (op. cit.) collected brood samples from
photographs of limited numbers of 1solated familiés. They also estimated
a less useful "mean assumed brood size" ffom photographé of combined
family flocks. The most accurate means of obtaining brood counts is
by ground observatioﬁ, which is impractical for all banding strata.

Methods of estimating recruitment by age-ratio appraisals and brood

‘counts similar to those used on wintering grounds by Lynch and Singleton

(1964) should be developed. A sultable technique might utilize helicopter
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support immediately before or after the banding operation or developed
independently through contractual.arfangements. |

Nesting adults can be censused in June-ﬁith an aerial photography
technique developed by Kerbes (1975). Since the proportion éf nesting
adults can fluctuate dramatically between years, the photographic census
should be conducted at each colony each yearrof banding. Jume photography
is planned for the West Hudson Bay colonies for both years of the pilet
study. Due to budgef and manpoﬁer constraints,_photographic surveys in all
three regions will be done only in 1979, 1982, and 1985, &uring the opera-
ﬁional program; Estimated costs for the photographic inventories vary

between $60,000 to $100,000 (Table 11).

LOGISTICS AND COSTS

Field operations

Banding will be conducted from base camps containing food and shelter
for the crew and fuel and maintainance for the helicopter. Establishing
a base is relatively simple when it can be located in an existing village.

Less convenient, is establishing a field camp in areas where semi-permanent

‘field shelters presently occur. Least convenient is a tent camp set up

-in the field where no facilities exist. All three types of camps will be

utilized. Fach field camp will require a base radio for maintaining com-

‘munciations amongst banding units and to the "outside'". This will ensure

operational efficiency and provide safety in case of accidents or grounding
duie to inclement weather.

Annual costs are given in Table 9 for a single banding unit (i.e;,
oﬁe helicopter and two crews) for each region. These vary from $51;000

on West Hudson Bay to $57,000 at Southampton Island, to $62,000 at Baffin
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Island. It will be necessary to have two banding units (i.e., double the
cost shown in Table 9) on west Hudson Bay and Baffin Island. The helicopter
charter costs given in Table 9 are representative of four passenger jet
helicopters such as the Beil 206 Jet Ranger, the Hughes 500, the Allouette
II.or the Hiller 1100. Helicopters will Be_cﬁartered on a monthly basis

to ensure their availaﬁility and to procure cheaper rates. A one-month
hélicopter charter requireé a minimum of llb flying hours. Since the actual

drive_trépﬁing will probably not require that much time, any extra hours

will be used to reposition fuel caches, collect information on recruitment

" and conduct population inventories. The greatest proportion of the total

cost of banding is referrable to helicopter charter (Table 9);

Logistics become more complicated proceeding south to north. Costs
also increase. On West Hudson Bay (Figure 4). the settlement of Eskimo
Point is a convenient base located almost in the centre of the banding area.
A University of Western Ontario camp at McConnell River could be used as a
base for.the southern strata. On Southampton Island (Figure 5) Coral
Harbour will be used as a base for stratum three. ‘A tent camp will be
required for strata 6ne and two (Boas River), some 100 miles west of Coral

Harbour. It will be necessary to ferry helicopter fuel by chartered fixed-

: ﬁing aircraft to the Boas River camp. Fuel repositioning problems are

even greater and costlier for Baffin Island as the banding area is approx-
imately 200 miles from Frobisher Bay and 150 miles from Cape Dotset (Figure
6), A bullding and small alrstrip at a Northwest Territories Wildlife
Division camp on Niko Island will be used as a base for the northern strata
but a tent camp will be required for the southern strata.

Only limited labour costs are given in Table 9, assuming that most
banding personnel will be supplied and funded by the participating wild-

life agencies.
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Band recovery analyses

The detailed logistics of apalysis, including computer programming,
drafting and publication will be qréanized by the analysis committee.
Annual éosts for analysis vary and total $379,500 for tﬁe 10 year period
(Table 10). Statiétical consultation aﬁdrcontractual arrangements with
biomathematicians to develop new recapture analysis techniques will be ré—

quired (Column 7, Table 10). Certain costs can be decreased or eliminated

" through offers or commitments from participating agencies (see footnotes,

Table 10).

Total costs

Total and annual costs for the program, 1977 to 1987, including costs

of banding, auxiliary nest census and analyses are summarized in Table 11.

. The grand total cost is $4,063,500; 84 percent of which is made up of

- northern banding expenditures. Actual expenditures will be determined

by results of the pilot program. Firm estimates will be available in
March, 1979. |

The estimatedcosts of reward banding vary from a minimum of $250,000
to a maximum of $1,500,000 (Table 8). These costs will be additional to

the grand total of $4,063,500 found in Table 11. The reward band scheme,

an integral component of the overall program, will he initiated in July,

1979. Again firm estimates will be available by March, 1979,
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CONCLUSIONS

Lesser Snow Geese form an important recreational resource throughout

"mid-continent North America. Their numbers exceed those of other goose

species and the population has the poténtial of providing'increased re-
creational opportunities. However, statistically and biologically sound

baseline data on annual distribution, mortality and mobility'are presently

" lacking for implementation of effective conservation and management strategies.

Managers are now unable to react sensitively to annual perturbafions'in

the "system" viz., fluctuating cohort sizes, changes in colony abundance,
shifts in distribution, migration interruptions, overharvest or underharvest
in local areas. The imprecision in the data base can be partially remedied
through a ten-year monitor banding prbgram conducted in the eastern Afctic
of Canada between 1977 and 1987. Such a program will be guided by impera—.
tives set out in the Mid-continent Snow_Goose Management Plan. |

Meaningful banding programs designed to gain statistically éound mea-
sures arelacknowledged to be expensive,_requiring long term commitmepté of
staff and funds. Under present spending constraints no single resource
agency could possibly fund this large scale program. A need exists for a
co-operative and coordinated venture with sharing of costs to be apportion-
ed to most if not all North American users of the resource,

In all, the overriding problem is the dearth of precise estimates of
the population attributes of various colony components of the mid—continent
Snow Goose p0pulation. Part of the proposed solution is & decadal banding
program which will improve precision of estimates of.the sqrvival and dis-
tribution parameters of Snow Geese from all tﬁe major eastern Arctic col-

onies. A concurrent thrust to improve measures of abundance, harvest and
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recruitment parameters should be made. Used in the aggregate the more pre-

cise attributes will lead to increased powers of predictability and optimi-

‘zation of recreatiomal benefits.

Agreement in principle, active involvement and cbmmitment of funds
for the seven year operatiﬁnal banding program is sought ffom:all resource
agencies by March,1978.

In;the interim, the two year pilot baﬁding program should proceed.

To ensure its initiation in summer 1977, immediate needs for banding funds
are $101,000 in 1977 and $111,000 in 1978. A suggested apportionment is
25 percent to each of the Canadian Wildlife Service, U.S. Fish and Wild-
1ife Service, Mississippi Flyway Council and Central Flyway Council. Tenta-
tive approval has been gained from the two federal agencies. Therefbre,
a request is hereby made for approval and commitment of expenditures of
$25,000 by each Flyway Council in 1977 and $28,000 in 1978. Furthermore,
three experienced biologists—technicians ére sought from each of the

Councils to aid in the field operations, July 15 to August 15, in both

. 1977 and 1978. A time for decision.
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TABLE 1. Population estimates (in thousands) of Canada, White-fronted and Snow Geese Winter—.
ing in the Mississippi and Central Flyways.

December visual estimates.)

(after U.S.F.&W.S. January and

Flyway MISSISSIFPL CENTRAL
TOTAL

: BLUE - o ' BLUE GEESE
Goose Species CANADA WHITE-FRONT SNOW CANADA =~ WHITE-FRONT SNOW (thousands)
1967 482 46 380 226 14 262 1,410
1968 445 24 363 275 12 270 1,389
1969 555 21 275 | 262 17 4564 1,584
1970% 501 51 425 373 22 401 | 1,773
1971 588 39 655 378 21 422 2,103
1972 594 46 937 443 32 404 2,456
1973 609 43 532 412 30 505 2,131
1974 663 43 529 457 49 674 2,415
1975 650 40 441 389 40 682 2,242
1976 665 53 692 585 55 894 2,944
Average 575 41 523 380 29 497 2,045
1967-76 '

% December counts utilized since 1969.

Mean
No.

¥ oof
Total

Mean Population Levels 1967-76 for both flyways combined

CANADA  WHITE-FRONT - BLUE& SNOW
955 70 1,020
46.7 3.4 49.9

TOTAL
2,045

100.0
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TABLE 2. Retrieved* harvest estimates (in thousands) of Canada, White-fronted and Snow Geese
‘the Mississippi and Central Flyways. (after U.S.F.&W.S. Administrative Reports)

. MISSISSIPPI

Flyway CENTRAL TOTAL

: : Retrieved*
Goose CANADA WHITE-FRONT BLUE & SNOW | CANADA WHITE-FRONT BLUE & SNOW | Harvest
Species . ' (thousands)
1966 152 41 156 194 34 191 768
1967 190 - 22 124 110 24 143 613
1968 160 7 81 85 20 80 433
1969 194 45 222 117 29 188 795
1970 197 42 291 221 27 284 1,062
1971 - 195 20 166 193 40 180 794
1972 168 11 108 117 41 150 595
1973 225 38 155 177 51 245 891
1974 283 10 170 137 36 247 883
1975 317 25 161 142 52 | 354 1,051
Average .
1966-75 208 26 163 149 35 206 787

*Unretrieved harvest varies between 12-15% annually.

Mean retrieved Harvest level 1966-75 for both flyways combined

Species CANADA WHITE-FRONT BLUE & SNOW - TOTAL
- Mean
No. 357 61 369 787
Z of _ .
Total 43.5 7.8 46.9 100.0
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ment of cohorts and strata (see Table 7).

Adults are birds two or more years of age and they are potentially cap-

able of breeding. Successful Adults are those which succeed in raising

Immatures (or young of the year). Unsuccessful Adults are those which

have nof attempted to breed or have failed in the attempt. Yearlings
are one yeér old and they are not yet capable of breeding. |
Reproductive success fo: a given year is classifiéd into four types of
production years as defined by brood size and percentage of adults suc-
cessful in producing progeny (Table 6).

Population sizes and color ratios are’'derived from the photographic in~
ventory of Successful Adults accomplished in 1973 (Kerbes, 1975). That
year was considéred to have been an excellent production yeaf with 70%
of the adults succeésful. The total number of adults thus derived was
used to.calculate the npmbers of,Successfdl and Unsucéessful Adults in
each of the other three classes of production years.

The number of.Yearliﬁgs present each year is one half the total number
of Imﬁaturés produced in an average production year (i.e., first year.
mortality of 507% is assumed).

Sex ratio of all cohorts is 50:50.

Size and apportiomment of strata recognizes the movement

of Successful Adults and Immatures away from hatching sites and thé
tendency for some strata to have higher proportions of Unsuccessful
Adults and Yearlings relative to otﬁer strata.

All banding regions and stfata will not necessarily have the same class
of production in any one year. West Hudson Bay is ﬁore likely to have
a more successful season than are Southampton or Baffin Island. The

latter two areas can be expected to suffer failures as often as once

every three or four years, whereas West Hudson Bay has no recorded failure.

Definitions and assumptions used in estlmatlng the size and apportion~
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Table 8. Estimated minimum and maximum costs for Reward Band Scheme, 1979-2005.

Reward Bands

See following page for assumptions and explénations.

Number Number Recovered
Banding Standard Reward over 20 Years Total Cost
Region Bands/Year Bands/Year (50% Rec. Rate) ($10/band x 7 years)
MAXIMUM COSTS
- West Hudson 75,000 15,000 7, 500 $ 525,000
Bay ' ' :
Southamp ton 40,000 8,000 4,000 280,000
Island
Baffin 75,000 15,000 7,500 525,000
Island
TOTALS | 190,000 38,000 19,000 - 81,330,000
Recovery Analyses Costs 170,000
TOTAL $1, 500,000
MINIMUM COSTS
West Hudson 6,600 1,320 660 $ 46,200
Bay : S
Southampton 6,600 1,320 660 46,200
Island
Baffin 6,600 1,320 660 46,200
Island :
TOTALS 19, 800 3,960 1,980 $ 138,600
Recovery Analyses Costs 111,400
TOTAL $ 250,000
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Table 8. Assumptions

Estimated-costs will be based on analysis of_results of the pilot banding
program in 1977-1978. '

Assumptions:

1. Direct recovery rate of standard leg-banded adults is 0.05 and over a
20-year span the total direct and indirect recovery rate will be 0.20.
For immatures, the direct recovery rate will be 0.08 and over a 20- ‘
year period will total 0.20.

2. Reporting fates will be approximately 2.5 times higher on reward bands
than on standard leg bands (based on reporting rates of neckbanded vs.

normal birds - Appendix J, Dzubin, 1974; Brownie et al,,h 1976).

Maximum Costs:

3. There are statistically significant differences in distribution patterns
between: ' '

a. each of the 13 strata

b. adults and immatures

c. sexes for adults and immatures

d. color phases, i.e., snow and blue

Minimum Costs:

4, There are statistically significant differences in distribution patterns
between:

a. adults and immatures
b. color phases, i.e., snow and blue

but not between strata or sexes.
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World Distributlon Of Lesser Snow Goose Colonies,
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Figure 1
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Figure 6
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Questions posed for Canadian Wildlife Service
band recovery anaysis by
Joint Blue-Snow Committee of the Central—M1551ss1pp1
' Flyway Technical Sections
June 7, 1972 Kansas City, Missouri

Primary Questions:

1. Has there been a change in distribution of harvest over the last
five years compared to previously?

2. Has the timing of recoveries in Canada; the two Dakotas; Mlssourl,
' Iowa, Kansas and Nebraska; Texas and Louisiana changed over the
last five years compared to the previous five years”

3. Has the dlrect recovery rate ‘and mortality rate changed over the-
past five years compared to previously?

Supplementary questions to be answered if possible:

4. Are immatures more vulnerable to harvest?
5, Do colour phases have different vulnerab111ty7

6. What is the total population size? (To be determlned by extrapola—
tion from mortality and harvest data).

7. Are recovery rates of colour marked birds the same as normal birds?

8. Do different populations migrate southward in similar manners
(analyzed by banding location of breeding population}?

9. To what extent do western Arctic snow goose populations contribute
to hunting in Louisiana and Texas? '

Additional questions posed by H. Lumsden, Chalrman, Miss. Flyway Blue-Snow
Subcommittee: :

10. Are the'early migrants to Texas the same population each year or
are they subadults and nest-failed adults?

1l. How much exchange between breéding colonies is there indicated by
retrap data? :

APPENDIX I (Dzubin, Boyd, and Stephen, 1973)
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"All problems are divided into two classes, soluble questions which are
trivial and important questions which are insoluble”.

~ G. Santayana



