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Introduction

A major need in waterfowl management in Canada has been improved
'^'ata on the annual harvest. Although several provinces have obtained information
On the waterfowl harvest, their results are not comparable and in most cases the

surveys undertaken were not based on the principle of random sampling, so that the
reliability of the estimates is not known. Accordingly, in 1967 the Canadian
Wildlife Service initiated a national survey (Benson, 1967) of waterfowl to obtain
more information on the number of birds killed and when and where they were
taken by waterfowl hunters.

This paper deals with the design of the survey and provides expressions for
estimating some of the population parameters and their errors consistent with the
design of the survey. It turns out that the basic sampling problem is similar to
that of surveys where estimates are required for domains of study which cut across
the strata which has been studied by Cochran (1963) and Durbin (1958). In such
situations the estimates such as average kill per hunter are based on fewer individuals
than the number of hunters selected in the sample since some of the hunters may
not have hunted. Besides, valid estimates of total kill cannot be obtained as a
simple expansion of the mean (kill per hunter) since the total number of hunters in
the population who have participated in hunting will not be known. Theory, based
on conditional probability, is developed here for obtaining unbiased estimates of
the population means and totals and has been applied to the data from the Canadian
waterfowl harvest surveys for 1967-68 and 1968-69 to provide estimates of the
means and totals of some of the important characteristics and their errors. Of the
species, sport ducks, geese, sea-ducks and coots, comprising waterfowl, the last two
have been omitted from the study where estimates are required by species since our
studies revealed high coefficient of variation and, hence low reliability of the
characteristics for the latter species for a large majority of the provinces.



2. Object

The main objectives of tiie survey are to provide reasonably reliable
estimates at the provincial and national levels of :

(0 Number of active hunters (who hunted one or more days) ;

(;•/) Number of successful hunters (who shot one or more birds) ;

(///) Number of birds of a given species shot and retrieved by a successful
hunter ;

(iv) Total number of birds of a given species shot and retrieved ;

(v) Average number of days hunted per person ;

(v/) Total number of man-days hunted ; and

their errors based on survey data for 1967-68 and 1968-69. Estimates
for the last two items were obtained for successful arid active hunters
(who hunted one or more days).

3. Design of the Surveys

The sampling universe for the Canadian waterfowl harvest survey initiated
in 1967 consisted of persons who bought Canada migratory game bird hunting
permits sold during the 1966-67 season at post offices all over the country, Benson
(1967). Purchase of the Canada migratoiy game bird hunting permit was required
of all migratory game bird hunters in Canada. The permit contains information on
name, age, address, sex, etc. to be filled in by the post ofiBce where the permit is
sold.

A stratified random sample with provinces as strata and previous year's
permit holders as ultimate units of sampling was selected for the survey. In practice,
a systematic random sample of permit holders was selected in each province from
the sales records after sorting by permit number on the computer. Unusable
addresses, where identifiable by the computer, were replaced.

A ten per cent sample was aimed at for the whole of Canada. The
allocation of the total sample to the provinces was based on the size of the pro
vincial universe and estimates of varialbihty of the season bag of ducks obtained
from earlier surveys. Immediately preceding the hunting season, a hunter who
purchased a permit during the preceding year was mailed an abstract of the
regulations for the current year for the province in which he boughthis 1966 permit.
Members in the sample were informed of the objectives of the survey and that they
would receive a questionnaire at the end of the season ; they were provided with a
contact card to record their kill of waterfowl and to facilitate completion of the
questionnaire. Persons failing to return thefirst questionnaire within three weeks
were mailed a follow-up questionnaire. Replies to questionnaires were scrutinized
and the data were then transferred to magnetic tape..



90

4. Response

The 1967-68 and 1968-69 sample survey data on waterfowl mail surveys
based respectively on 14,697 and 12,951 usable responses (Table 1) were employed
in the study. The unusable responses consisted of spoiled, blank or incorrect
returns, envelopes returned by post offices as undeliverables and returns from hunters
(selected from the previous year's permit holders) who did not buy permits during
the current season. The non-Canadians and Canadian females who formed a
relatively small percentage of the total have been omitted from the study. The
observed data were the results of kill of ducks (excluding sea-ducks) reported by
individual hunters in the sample. The reduction in sample size during a year from
that mailed is because the latter were selected from hunters who purchased permits
during the previous year but did not necessarily do so during the current year.

It will be seen that the reponse rate of hunters who bought permits during
1967-68 or 1968-69 were 49 and 50 per cent, respectively, for Canada as a whole ;
the response rates for active hunters (who bought permits and also hunted) were,
however, 41.and 40 per cent, respectively.

In view of the high non-response,, studies have been undertaken by sending
a second follow-up to those who fail to respond to the first follow-up within a
month from the mailing date. Pilot investigation are also underway by selecting
samples stratified over the season and from the current year's permit holders
(who did not buy permits during the previous season) as the same are received at
headquarters.

5. Theory

It is proposed to present in this section estimates of the population
characteristics outlined in the objectives. Suppose there are L strata {e.g.,
provinces) containing No^, Nou, Noi^, and iVj, Nn, permit holders
in 19'66 and 1967 respectively. Sample of tioh, Uoi, permit holders are
selected from the 1966 list; of these tii are those who bought permits
during 1967.

Let iV/, Nh', N^, and iV/' Nn", N^' be the number of
active and successful hunters during 1967 respectively, riu, n/ replace and

.Hi" the corresponding number in the sample ; also let Ki", iii" be
the the number of permit holders in the sample during 1967 who did not hunt
(wft^wft'+w/i"). Further, let F'jt,, 7',^ denote the number of waterfowl shot by the
i"' hunter in the population and the sample respectively and Dtn, the
corresponding number of days hunted during the season by the active hunter.
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5.1. Estimates of Totals

An unbiased estimate of the number of active hunters Nn for the
province is given by

A '
N'n=-^^Nn (1)

where both and vary from sample to sample.

Proof : The conditional distribution of — for a fixed itn is an ordinary
fth

hyper-geometric

Hence

£(iV. &').£,
where the operator Ez stand for the conditional expectation for fixed and is the
operator after E^, has been taken when nu varies.

Similarly, an unbiased estimate of the number of successful hunters in the
/j"* province is given by

(2)

An unbiased estimate of the number of waterfowl shot and retrieved {Y^)
in the /z'" province will be given by

k'=Nn%:-='̂ ^yu (3)
where

"h .

yri'=^yih'

The proof follows ifwe first consider the conditional expectation of(3) for
a given 7;,/ and /?„ and then take the expectation ofthe result thus obtained by letting
Hh vary from sample to sample.



Similarly, an unbiased estimate of the total number of man-days of
recreation Dh is given by

Nn
(4)

where denotes summation of d'iu over the sample of active hunters ma'.

The estimates presented in (1), (2), (3) and (4) can be summed over the
provinces to provide estimates at the national level.

5.2. Estimates of Means

An unbiased estimate of the number of waterfowl shot and retrieved per
hunter (Y'n) during the season is given by

"h

where • yh stands for

Proof: Ex E^,
rih

nn' \=Ex {Yn')^Yu'

where the operator E^, stands for conditional expectation for fixed rin and E^ is the
operator after E^ has been taken when iin' varies.

Hence is an unbiased estimate of Y^.

Similarly, an unbiased estimate of the average number of days hunted per
hunter (A.') is given by

nn

V—/Jft

The estimates of the means corresponding to (5) and (6) at the national
level will be given by

A En'

ik'
and

L
, A

D'- 5

ll'
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5.3. Variance of the Estimated Means and Totals

Theorem : An unbiased estimate of is given by

/ , "ft' \ ,

I

Proof:

where

Hence

u i-JuLV yn'-
\ Nn' ) «ft' _

I- Nu'jih' "ft

Ei is the expectation for a given «/,'

^V{yn')

/

^ ^ j—^ is an unbiased estimate of

(7)

V{yn')

An unbiased estimate ofthe number of birds shot and retrieved (y),') is
given in (3). It will be shown that

where is the variance of the kill per hunter. Hence an unbiased estimate of

variance is given by

"ft I -1)
where

= ("ft-l)

yn

"ft

£ V
.0^

"A

(8)
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Proof:

Prob M

94

-^Nn'
E ,V W n'M + V^,E inn' Vn'M

L "ft rih Jnn

Nn

Hh

L n-ft nn \ Jyh J tin J «ft

Now, «ft' is a random variable following a hyper-geometric distribution

(JVn'YJVn-N,'\
\ wr' /V / .

with

d

E («,') = iV/
Nn

nn'{nu'-\)
Nu'iNn'-V)

J JV„(iV,-l) 1)

From the last two relations it follows

• V -'i

Substituting, the values of £(77ft'), £(7?/.'̂ ) and F(/7ft') in the expression for
V{Nh'yh') and collecting the terms containing Yh'̂ we have

. Am-i)

rNn

-f==1

ru-^Y'-,
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Nn- Nn

Now 7/ = 7%' and noting
i=l i==l

•that yhi=0 for permit holders who are not active, we have

where

where

I (V . Yi?\ •

i

Hence an unbiased estimate of V S'ven by

»n{' N,J ' yn

"A

^ yh y it—
WY
ih

(9)

6. Results and Discussion

It is proposed to present in this section the sample size required to estimate
the provincial mean kill per hunter for a given margin of error, estimates of means
and totals of some of the important characteristics.

6.1. Sample Size

The number of hunters expressed as percentage of the population required
to estimate the provincial mean kill per Canadian male hunter with coefficient of
variations of 5 and 10 per cent respectively is shown in Table 2. The method for
estimating the sample size is available in standard texts and the reader is referred
to Cochran (1963) for details.

Except for the eastern provinces of Newfoundland, Prince Edward Island,
Nova Scotia and New Brunswick where a high sampling rate is required, to estimate
the mean kill with a 5 per cent C.V., the sampling rates required in other provinces
were reasonably low to provide estimates of the kill for the same accuracy. A
sample size of less than 10 percent would be sufficient in Newfoundland and
Prince Edward Island and less than 5 per cent in others if it is desired to estimate
the means with a 10 per cent C.V,
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6.2. Estimates of Means/Totals of Characteristics

The estimate of total ducks bagged (Table 3) was consistently highest in
Ontario, followed by Alberta ; the lowest kill was registered by Prince Edward
Island. This was mainly due to the maximum number of successful hunters in
Ontario followed by Alberta and high season bag of ducks per hunter in these
provinces. The estimates of total ducks bagged showed a significant decline during
1968 in Ontario, Manitoba, Saskatchewan and Alberta owing mainly to a reduc
tion in the number of ducks bagged per hunter and also in the number of successful
hunters in all these provinces excluding Manitoba. In Newfoundland, Prince
Edward Island, Nova Scotia and British Columbia the position remained practically
unchanged mainly because the reduction in the season bag of ducks was made up
by an increase in [the number of successful hunters in these provinces. Both New
Brunswick and Quebec registered increases owing to increase in both season bag
of ducks and of successful hunters, A point of ecological interest is that in the
eastern provinces (excluding New Brunswick) where the total number of ducks shot
was relatively low and the province's relatively smaller in size, the number of ducks
bagged per hunter tended to decrease with increase in the density of hunters ;
there was, however, no such tendency in the major provinces where the total
number of ducks shot was relatively high.

With regard to geese, there were pronounced falls in Quebec, Ontario, and
Manitoba owing to a reduction in the total number of hunters and or geese
bagged per hunter. In other provinces the differences were not significant.
Saskatchewan showed the maximum number of geese bagged in both the years, the
lowest figure being registered at New Brunswick.

The number of days hunted by an active, successful hunter remained
unchanged during the period. The total man-days hunted by successful hunters
showed increasing trends in Nova Scotia, New Brunswick and Quebec and
decreasing trends in Ontario, Saskatchewan and Alberta. It is interesting to note
that these trends were, as expected, similar to those in total ducks bagged which
accounted for most of the waterfowl bagged by hunters.

7. Recent Developments

The mail surveys undertaken during 1967-68 and 1968-69 were based on
stratified random samples with provinces as strata. An improvement in design was
achieved by employing deeper stratification based on ecological zones as sub
strata.

The use of the previous year's list of permit holders as a sampling universe
for the current year's hunting is likely to introduce bias in selection since such a
sample will not include new hunters who did not buy a permit during the preceed-
ing year, A Special survey (Sen, 1970), undertaken in Ontario has shown that th^
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estimate of average kill of ducks for Ontarid for 1967-68 has an upward bias to
the extent of 8.5 per cent.

Analysis of the data from the Canadian Surveys (Sen, 1971), conducted
during 1967-68 and 1968-69 and from a special survey conducted in Manitoba
during 1968-69 suggests that the bias due to non-response may not be serious.
Further studies are underway to provide confirmatory evidence.

^For- management purposes, an important consideration is the effect of
misreporting by hunters on the estimated total harvest due to deliberate misrepre
sentation resulting from-pride,-prestige, or pooi: memory. Survey experiments using
bag-checks (Sen, 1971), conducted in the field showed that the response bias in the
estimates of kill per day could be serious. .Fifty per cent of the hunters observed
to be unsuccessful during 1968-69 later;reported having killed a duck and in the
1969-70 sample the proportion of false claims was twenty-eight per cent. Studies
are underway to find the effect of response wave on response bias.

8. Summary

A national mail survey of Canadian waterfowl hunters was initiated in
1967 to provide,,among other things, reliable estimates of the characteristics of the
annual harvest. A stratified random sample, with provinces as strata and 1966
permit holders as ultimate units of sampling, Was selected for the survey.

The present paper deals with,, the .design of the survey, develops the theory
of estimation for the Canadian waterfowl sample surveys and presents estimates and
their errors for some of the importarit characteristics based on two years' data
1967-68 and 1968-1969. .Recent developments in techniques - have been briefly
indicated.
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TABLE 1

Sample Size and Response of Male Respondents of Canada by Provinces based on
1967-68 and 1968-69 Mail Surveys

Province Questionnaires
Mailed

Sample Size Usable Response
(Potential Hunters)

Response
(Active Hunters)

1967 1968 1967 1968 1961 1968 1967 1968

(1) (2) (3) . w (5) i6) (7) (8) (9)

Newfoundland 2,576
(17-5)

4,468
(27-1)

2,273

(15-4)

3,167
(19-2)

676

(29-7)
1,446

(45-6)
561 907

(24-7) (28-6)

Prince Edward Island 788

(25-8)
1,421

(41-0)
683

(22-3)
1.105

(31-9)
238

(34-8)
447

(40-4)
198 384

(29-0) (34-7)

Nova Scotia 1,737
(22-5)

2,373
(28-1)

1,434
(18-6)

1,700
{20-1)

677

(47-2)
950

(55-9)
562 772

(39'2) (45-4)

New Brunswick 1,955
(26-8)

2,221
(26-0)

1,626
(22-3)

1,669
(19-5)

736

(45-3)
902

{54-0)
610 725

(37-5) (43-4)

Quebec 4,192
(13-3)

2,738
(8-3)

3,553
(11-3)

2,056
(6-2) -

1,426
(40-1)

895

(43-5)
1,182 738
(33-3) (35-9)

Ontario 8,146
(6-0)

6,220
(5-1)

6,637

(4'9)
5,003
(4-1)

3,366
(50-7)

2,449

(58'9)
2,791 1,946.
(42-1) (38-9)

Manitoba 3,804

(11-4)
3,065
(8-8)

2,894
(8-7)

2,640
(7-6)

2,025
(69-9)

1,496
(56-7)

1^679 1,288
(58-0) (48-8)

.Saskatcliewan 4,458

(10-9)
3-748

(9'8)
3,555
(8-7)

2,861
(7-5)

2,010
(56-5)

1,522
(53^2)

1,666 1,268
(46-9) (44-3)

/Ifcerta 4,912

(9-1)
4,918
(9-8)

3,976
(7-4)

3,524
(7-1)

2,092
(52-6)

1,862

(52-8)
1,735 1,504
(43-6) (42:7)

Britisli Columbia 3,773
(11-9)

2,885
(9-4)

3,121
(9-8)

2,046
(6-7)

1,451

(46-5)
982

(48-0)
1,203 782

(38-5) (38-2;

. Total; 36,341

(10-1)
34,057
(9-8)

29,752
(8-3)

25,771
(7-4)

14,697
(49'4)

12,951
(50-2)

12,187 10,314
(41-0) (40-0)

Figures in brackets in columns (2), (3), (4) and (5), show percentages to populations
and'in Columns (6), (7),- (8) and (9) to corresponding samples in columns (4) and (5).



TABLE 2

Sample Size (per cent) required to estimate Provincial kill of ducks (excluding see ducks)
for Canadian male iiuriters with 5% and 10% C.V. 1967-68 and 1968-69

Province Estimated Mean
kill per hunter

Sample Size {per cent)
5% C.V. 10% C.V.

1967 1968 1967 1968, 1967 1968

Newfoundland 5-4 4-2 25-3 15-1 7-3 4-0

Prince Edward Island 81 66 28-7 20-0 9-2 5-9

Nova Scotia 8-8 8-'0 11-2 10-8 3-4 30

New Brunswick 7-2 8 1 ll'O 10-2 3-3 2-8

Quebec 11-8 11-3 3'7 2-2 1-0 0-5

Ontario 84 7-5 1-0 0-8 0-3 02

Manitoba 11-4 90 1-7 1-9 0-4 0-5

Saskatchewan 12-7 80 1 3 1-4 04 0-4

Alberta 14-9 10-8 1-1 1-2 0-3 03

British Columbia 14-5 14-8 i-7 21 0-4: ' 0-5



TABLE 3

Estimates of Means, Totals and tlieir errors for Hunting Characteristics of Canadians of Males 1967-68 and 1968-69

Nfld. P E.I. N.S. N.B. • Que. Ont. Man. Sask Alia. B.C.
'67 '68 '67 '68 '67 '68 '67 '68 '67 68 '67 '68 '67 '68 '67 '68 '67 '68 '67 '68

Ducks

Number of
successful
Hunters x 10-3

Season Bag
per succecssful
Hunter

Total Birds
xlO-3

Geese

Number of
Successful
Hunters X 10-3
Season Bag
per successful
Hunter

Total Birds
XlO-3

Active Hunters

Average Days 90 8-4 11-4 10*2 9-6 10*0 6-7 T6 8-6 S'S 67 6-7 6*5 6-4 71 6*4 7*0 64 8-7 8-8
Hnnted ±=i:=b=fc±±=b=t=b=t =fc±

0-4 0-3 0-7 0-4 0-3 0-3 0-2 0 7 0*2 0-3 0-1 0-1 0 1 Q-l 0-2 02 0*2 0-2 03 0*3
TotalMan 8-5 9*2 2-9 3-2 5*9 7*3 3*9 5*9 21^8 26-1 74-1 74*4 205 21*2 24*9 23-3 30*4 27*8 22*2 23-3
Pavs xlO-4 ±=i= ±±=i= =t=b±=t^ 0-5 0-4 0-2 0-1 0-2 0-3 02 0*6 07 09 1-5 1-8 04 0-6 0 6 07 0*7 07 08 0*9

Successful Hunters

Average Days 10'2 9*2 12-4 11-4 10-5 11-3 6'9 8-3
Hunted ±± ifcit ±± ibi

0-5 0-4 0-8 0-5 0-4 03 03 0*8

Total Man 6-8 T2 2*6 2 9 5*4 6*6 3-4 5 3
Days xlO-^ ±± ±±±± ±±

0-5 0-4 0-2 0-1 0-2 0-3 0*2 0-6

5-9 7-1 1-9 22 4'5 5'0 4-8 6-3 ;20-5 250 85 9 '83-1 27-0 27-2 30-7 28-6 38-9 35-3 22-4 23-6

=b =t =t . ± d= dz ±1 =b =fc d=

0-2 0-2 . 0-1 01 0-1 0-1 0 1 01 0-4 0-6 M 1-4 0-3 0-4 04 0-5 0-5 0-6 0-4 0-5

8-6 6-4 10'9 9-1 120 11-4 8-9 9;7 14-4 13-5 10-9 9-5 13-2 10-6 14-4 101 16-8 12 8 16-5 16-2

=t =t =t =b =b s±= iis =b .d=

09 0-3 1-2 0 6 0-6 06 0-5 0-5 .0-6 0-6 0-3 0-3 0-4 04 0-4 0-3 05 0-4 05 0'7

51 45 21 20 54 57 43 61 295 338 937 787 356 289 442 289 654 452 370 382

it =b ± =fc ± =t sis =b =t =i= •

6 3 3 2 . 3 3 3 '4 14 18 29 29 11 11 13 11 20 16 13 19

1-3 1-7 0-9 1-2 1-1 1-4 0-8 0-8 4-6 4'3 12-3 90 10 3 6-7 11-9 130 13-7 13'8 "4-8 5-2:

=t rfc =h =fc rt =b =fc =1= =t

01 01 01 01 01 0-1 0:1 01 03 0-4 0-7 07 04 04 04 0-5 0-5 05 03 0-4

30 3-1 40 50 4-6 4-3 2-7 3-0 5-9 2-3 3-3 2-7 3-4 3-5 4-8 4'8 3-9 :'4-2 •31 3-3

± =i= d= =fc ± ' ± =t d= d= s±s • sb • st =1= ±
0-3 0-6 0-7 05 0-5 0-4 0-4 0-4 0-6 02 0-3 03 02 0-3 . 0-3 0-2 0-2 0-2 0-2 0-3

3-9 51 3-6 6-1 5-0 5-9 2-2 2-4 27-1 9-9 40-6 24-4 ' 35-0 23-5 57-2 62-4 53-4 57 8 14-9 17-2

d= sis sk d= =fc ±

0-6 10 0-7 0 7 0-7 0-7 0-4 0-4 32 1-4 4-3 3-1 2-.0 2-3 3-8 40 . 30 3-4 1-3 2-0

9-2 9-3 7-5 7-6 6-9 .7-0 7-5 6-9 7-3 6-9 9-3 9-3

lb zb rb 4- zb zb zb zb zb zb zb zb
0-3 0-3 O'l 0-2 O'l 0-2 0-2 0-2 0-2 0-2 0'3 0-3

197 24-4 65-3 6-46 19-3 19-6 23-8 21-6 29-3 25-8 21-2 22-4

± zb i ±' zb zb ± zb zb zb ± zb
0-7 1.0 1-6 19 0 4 0-6 0-6 0-7 0-7 0-7 0-8 0-1


