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Abstract

A mail questionnaire survey of waterfowl hunters is conducted each year in the United States to

provide information on waterfowl kill and hunter activity. We carried out a study using data from the

1971-72 and 1972-73 hunting seasons to determine the effectiveness of the present U.S. sampling and

estimation techniques, and a number of modifications in both sampling and analysis is recommended.

We found that stratification of post offices based on the number of duck stamps sold did not give more

precise estimates of mean duck bag and days hunted per hunter than estimates obtained in the absence

of stratification. Estimation of error variance assuming simple random sampling of hunters instead of

cluster sampling of post offices should be avoided because it may lead to significant underestimates. Of

the cluster-type estimators examined, the ratio estimator is recommended for estimating means and

standard errors of duck bag and days hunted per hunter. Estimates of kill and hunter activity showed

wide departures from normality which led to inefficient estimates of the means and of their variances.

Log transformation resulted in approximate normality and in considerable increase in precision of the

estimates of error of kill. A possible nonresponse problem exists in the stratification scheme because

hunters from the larger post offices have lower apparent response rates than those from smaller post

offices. Some sampling problems are a result of and dictated by the type of sampling frame currently

available; however, it appears that, with the more advanced statistical techniques now available, some

improvements can be made in the sampling as well as in the analytical phase.

As part of its continuing efforts toward more efficient conformity to the sampling scheme (Martin and Carney

management and conservation of wildlife resources, the 1977). The present report will do so by (1) examining the

United States Fish and Wildlife Service (USFWS) efficiency of the current method of stratification and (2)

initiated a Mail Questionnaire Survey of U.S. waterfowl comparing the efficiency of other estimation techniques

hunters in 1952. Data obtained in this annual survey are with the one presently used. Survey estimates of kill and

used to estimate U.S. waterfowl hunting activity and activity have highly skewed distributions. The effect of

success based on a sample of hunters purchasing duck this on the estimates and their errors is examined and,

stamps. The reliability of these estimates has been given where appropriate, methods are recommended for

little consideration in terms of either efficiency or increasing the precision of these estimates. We also briefly

examine the important sources of non-sampling error: (1)

nonresponse bias due to differences between hunters who
do not report their activities and hunters who do, and (2)

Present address: S&S Software Ltd., 444 MacLaren St., response bias due to improper or exaggerated reporting of

Ottawa, Ontario, Canada K2P 2C8. kill.



In this study we used hunter kill and activity data from

the 1971-72 and 1972-73 season USFWS surveys of 12 of

the largest States, including at least one State from each

of the four waterfowl flyways that span the continent.

The States included were Florida, Maryland, and New
York (Atlantic Flyway); Arkansas, Illinois, Louisiana,

Minnesota, Missouri, and Wisconsin (Mississippi

Flyway); Texas (Central Flyway); and California and

Washington (Pacific Flyway).

Design of the U.S. Survey

The U.S. survey sampling frame consists of a master list

of post offices that sell duck stamps (Martin and Carney

1977). Each State is stratified into several geographic

zones. In each zone, the post offices are further stratified

into three groups based on the number of duck stamps

sold the previous year. These are stratum 1 (less than 100

stamps), stratum 2 (100 to 1,000 stamps), and stratum 3

(more than 1 ,000 stamps)

.

Post offices are selected at random within each

stratum. In strata 1 and 2 and in a sub-sample of branch

post offices in stratum 3, all duck stamp purchasers are

asked to participate in the survey; stratum 3 post offices

are usually made up of a number of branch post offices

and, to avoid unnecessarily large samples of hunters, a

sub-sample of branch offices is chosen. These branch of-

fices are identifiable individually in the sampling phase

but are combined under the main post office name in

other phases of the analysis because it is not feasible to

maintain the identity of each branch office. The post

offices are the primary sampling units, and the hunters

buying duck stamps are the elements or the ultimate units

of selection. Thus in strata 1 and 2, the U.S. survey design

is a stratified single-stage cluster sampling scheme, and in

stratum 3 there is a second stage consisting of branch post

offices. However, for our analysis, it was necessary to

treat the large post offices as single units and assume sin-

gle-stage cluster sampling for all strata.

All post offices selected in the survey are sent name and

address forms (survey contact cards) with instructions to

give one card to every duck stamp purchaser asking the

purchaser to complete the form and return it to the postal

clerk for mailing to the USFWS. The purchaser is thus

placed on the Service's mailing list. The purchaser retains

a portion of the contact card on which an explanation of

the survey and a hunting record form for his own use are

provided. Actual participation in the survey is variable

because some stamp buyers are unwilling to supply their

names and addresses and some postal clerks may neglect

to hand out cards. Hunters who fill out address cards can-

not be viewed as units of a second sampling stage because

the decision by hunters on whether to fill out contact

cards does not constitute a probability sample.

At the end of the hunting season, each hunter who

filled out a contact card is sent a questionnaire to com-

plete and return. Any hunter failing to do so within 3 to 4

weeks is sent a follow-up questionnaire. The data are used

to estimate hunting activity and success for each stratum

of each zone of each State. The results are then summed
to form zone, State, flyway, and national estimates

(Martin and Carney 1977).

Estimation of Stratum Means
Within a Zone

We will now obtain expressions for estimates of means

(and standard errors) for duck kill and number of days

hunted per active hunter for a post office stratum within

a zone in a State. Because the estimators of the two means

have the same mathematical form, we will simply use the

term "mean per hunter" in the following discussion.

Let M, = number of active hunters (those hunting 1 or

more days during the season) who purchased

duck stamps from the i
th post office of a stra-

tum,

y i(

= number of ducks killed (or days hunted) by the

j

th hunter who purchased a duck stamp from

the i
,h post office,

Mi

y {

= E yy = number of ducks killed (or days

i

=
' hunted) by all M

i
hunters who pur-

chased duck stamps from the i
th post office,

n = number of post offices randomly selected from

the population of N post offices in a stratum,

and
N N

y = E Vj /E Mj = population mean per hunter for a
1
= 1

'

=
' post office stratum within a zone.

A biased but consistent ratio estimator of the popula-

tion mean per hunter for a stratum ( y ) is

y =
n n

E yL/E M,
i = 1 i = l

(1)

The variance of the estimator is
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Table 1. Average number of post offices available per zone by stratum and State.



Table 3. Comparisons of State level kill-per-hunter and days-per-hunter estimates:

stratified by post office size vs. unstratified.
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Table 4. Gains in the efficiency of State level estimates

achieved by ignoring stratification by post office size.



Table 5. Estimated duck kill per hunter, standard error, intracluster correlation, and underestimate in variance ob-

tained at the State, "flyway, "and "national" levels by using individual hunters (SRS) rather than post offices (cluster)

as sampling units.

Hunting season

and flyway State

Kill

per

hunter

Standard error

Cluster SRS

Intracluster

correlation

Underestimate"

in error

(percent)

1971-72

Atlantic

Mississippi

Central

Pacific

Entire Season

1972-73

Atlantic

Mississippi

Central

Pacific

Entire Season

Florida

Maryland

New York

Combined

Arkansas

Illinois

Louisiana

Minnesota

Missouri

Wisconsin

Combined

Texas

California

Washington

Combined

Florida

Maryland

New York

Combined

Arkansas

Illinois

Louisiana

Minnesota

Missouri

Wisconsin

Combined

Texas

California

Washington

Combined

7.15
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Table 6. Estimated days hunted per hunter, standard error, intracluster correlation, and underestimate in variance ob-

tained at State, "flyway," and "national" levels by using individual hunters (SRS) rather than post offices (cluster)

as sampling units.

Hunting season



Table 7. Estimates of kill per hunter (KPH) and coefficients of variation (C.V.)

by using three "cluster" methods.

Hunting season
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Table 8 Estimates of days hunted per hunter (DPH) and coefficients of variation (C.V.)

by using three "cluster" methods.

Hunting season
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Table 9. Estimates of mean duck kill (K/H), skewness (g t), and kurtosis (g2) at the State level.

1971-72 1972-73

State K/H gi g2 K/H gi g2

Florida

Maryland

New York

Arkansas

Illinois

Louisiana

Minnesota

Missouri

Wisconsin

Texas

California

Washington

7.21 (38)»
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Table 12. Efficiency of direct estimates of sample mean kill and days hunted and their variances relative to estimates

obtained after logarithmic transformation.

State

Efficiency of direct mean (%)
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biases in these kill and activity estimates. In the other two

strata, nonrespondents may represent a different class of

hunters from those who respond (Atwood 1956; Sen 1972;

Filion 1974). If there is such a bias, elimination of

stratification by post office size will not reduce or control

it but simply mask it in the overall sample. In the absence

of more information on nonresponse, the present stratifi-

cation system cannot be utilized to improve the efficiency

of our estimates.

Our testing for differences in hunter characteristics

among strata was handicapped by the relatively small

samples of post offices from stratum 3 and sometimes

stratum 2; therefore, we combined them. This weakness

of the analysis, and therefore its results, is brought into

question again by this finding of substantial differences in

hunter response among strata and the increased suspicion

that other characteristics may also differ. Only further

study can answer these questions and provide appropriate

corrective measures where needed. Investigations into

methods of inducing increased response both at the ad-

dress card level and in questionnaire returns appear hope-

ful. In the United States, a reminder letter sent to sample

post offices several weeks before the hunting season opens

increases address card response materially and, in the

Canadian survey, the questionnaire response rate has

been substantially increased by sending a reminder card

immediately following the first mailing of the question-

naire. Much more effort must be put into these and re-

lated studies if the reliability of our harvest surveys is to

meet the increasingly high standards expected of them.

Intracluster correlation coefficients are almost always

positive, which indicates that for the sample data there is

more variation in kill and activity among post office

clusters than among hunters within post offices. This sug-

gests that a sampling scheme in which fewer hunters are

selected, each from a large number of post offices, would
be more efficient than one in which the same sample is

confined to a few post offices. Because such sampling is

not feasible, a systematic sample of post offices by loca-

tion within zones (i.e., increased emphasis on broader

geographic distribution of the sample) with sampling of

all hunters in each post office appears to be a more effec-

tive approach.

Both kill and days hunted per hunter within a State

showed marked skewness from normality and yielded in-

efficient estimates of means and their errors. Logarithmic

transformation of the data resulted in approximate nor-

mality and in considerable increase in the precision of the

estimated error of mean kill.

Nonresponse was highly pronounced at the "address

card" level, especially for large post offices, and might

lead to sizable bias in estimates of kill and activity. There

is need for investigation into this problem in the interest

of overall efficiency and precision.

We extend our thanks to G. E. J. Smith and H. Boyd of

the Canadian Wildlife Service and to P. H. Geissler of the

U.S. Fish and Wildlife Service for their useful comments

and suggestions.
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APPENDIX

Stratification of States into geographic zones is an ef-

fective procedure (improves accuracy of estimation) if

there are significant differences between the zones of a

State in terms of hunter characteristics. To test for zone

differences within each State, we performed analysis of

variance (ANOVA) and the results are presented in the

following table.

Observed probability levels (P) of F-vahies calculated to test for zone differences ("between" vs. "within" zone)

for each State.

Hunting season
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