PART 4

Assessing breeding populations
of ducks by ground counts

Alex Dzubin
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Introduction

Waterfow] inventories taken during the breeding
season are recognized as a basic technique in
assessing the number of ducks per unit area. That
waterfow] censusing is still an inexact technology
Jeading to divergent interpretations of results is
also recognized. The inexactness stems from a
wide spectrum of factors that include weather,
breeding phenology, asynchronous nesting periods,
vegelative growth, species present and their daily
acuivity, previous field experience of personnel,
plus others (Stewart er al., 1958; Diem and Lu,
1960; Crissey, 1963a). In spite of the possible
errors, accurate estimates are pecessary to our
understanding of production rates of all North
American breeding waterfow]. Statistically ade-
quate censuses of breeding pairs and accurate
predictions of young_produced _per_pair still re-
main as two of the primary statistics in determin-
ing yearly recruitment rate of species breeding in
particular units of pond habitats. Without precise
breeding pair and production data, the problems
involved in describing the reproductive potential
of any species and its environmental or density-
dependent limiting factors cannot be adequately
resolved.

The purposes of this paper are to (1) describe
methods used to estimate yearly breeding pair
abundance on two study areas, one in Manitoba
and the other in Saskatchewan; (2) assess the
relative consistency, precision, and accuracy of
pair counts as related to the breeding biology of
duck species; and (3) recommend census meth-
ods that can more g¢losely approximate absolute
populations breeding in parkland and grassland
habitats.

Scientific names of each duck species are from
the A.O.U. Check-list (1957) except that both
American widgeon and shoveler are considered
species of Anas after Johnsgard (1965). Widgeon
1s used synonymously with American widgeon.

Study areas

The comparative study of census methods in rela-
tion to waterfow] ecology and behaviour was
made on two partially cultivated blocks of pond
habitat: one, the Roseneath Study Areaz in the
parkland of Mznitoba, 9 miles south of Minne-
dosa; and the other, the Kindersley Study Area
in the grassland of Saskatchewan, 12 miles south-
west of Kindersley. Field work was conducted in
Manitoba from 1952 through 1955 and in Sas-
katchewan from 1956 through 1959.

Rosencath Study Area

This 895-acre block is part of the characteristic
4,000-square-mile pothole country of southern
Manitoba. The topography is of 2z knob-and-
kettle type with sloughs, ponds, or potholes lo-
cated in the depressions (Fig. 1).

One hundred and eighty-one basins were Jo-
cated on the area, varying in size from 0.03 to
10.5 acres. The average basin size was 0.70 acre.

{ the 10ta) basins, 141 (78 per cent) were less
than ] acre in size (Table 1). The emergent
vegetation of potholes varied with Jand use and
previous waier Jevels; the dominant plants were
white-top (Scolochloa jestucacea), sedge (Carex
spp.), cattail (Typha latijolia), and bulrush

= (Scirpus acutus, S. validus, S. paludosus). The

uncultivated upland areas contained clumps of
aspen (Populus tremuloides) and bur oak (Quer-
cus macrocarpa). The shrub layer was primanly
snowberry (Svmphoricarpos occidentalis) and
wolfberry (Elaeagnus commuiata). Willow clumps
(Salix spp.) of various heights were common
around the shore lines of some 20 ponds. Brome
grass (Bromus inermis) was common on all
road edges.

The soils were predominantly northern black
earth.. Precipitation was variable, an average of
18 inches falling annually, much of it during the
summer growing season. The frost-free period
was usually Jess than 100 days. Approximately
60 per cent of the total block was cultivated to
cereal crops, 15 per cent was made up of water
areas, and the remainder was in permanent pas-
ture, fence rows, farm yards, aspen-oak blufis,
and unutilized pond edges. More complete de-
scriptions of the Manitoba parkland and study
area, in particular, are given by Kiel (1949),
Evans (1949), Evans, Hawkins, and Marshall
(1952), Dzubin (1954), and Bird (1961).
Kindersley Study Area
This area of 6,720 acres of partially cultivated,
grassland-pothole habitat formed part of a de-
lineated waterfow] survey block, Stratum A-west
(Crissey, 1957, 1963a). The area lies beiween the
pure grain-farming regions of central Saskatche-
wan and the mixed grain farm — grassland regions
of the drier wesiern babitat, near the Alberta-Sas-
katchewan border. Surface geology is a complex of
¢lacial Jacustrine clays, silt and sand deposits, and
re-sorted till deposits. The topographic features
are gently to moderately rolling with the Jow
areas flling with spring spow-melt waters.
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Ficure 2 Pond-basin distribufion on the Kindersiey Study Area.




detailed descriptions see Mitchell, Moss, and
Clayton (1944), Coupland (1950, 1961), Bough-
ner, Longley, and Thomas (1956), and Gollop
(1965).

Census methods

Because of poor visibility of pairs in the heavily
vegetated parkland ponds, and because of the
relatively Jarge (10.5 square miles) study block in
the grassland, two different census methods were
adopted to assess the abundance of breeding pairs.
Roseneath Study Area

Dabbling ducks

Each pond on the 895-acre study block was
visited a minimum of four times during a 7- to
10-day period when most of the early nesting
pairs of mallards and pintails were in the Jaying
or early incubation stages. Because of yearly
variations in phenology, the census period vaned,
but was usually between May 5 and May_}S. The
exact Jocations on ponds of pairs, Jope drakes,
and groups of five or less drakes were plotied on
a base map. If a pair or Jone drake was observed
on or near the same pond on three out of the four
counts, a breeding pair of that species was
“assigned” to that area. This method was similar
to the one proposed by Evans and Black (1956)
to test “constancy” of pond use. It is also similar
to a method in use by Kirsch (in lirz.) on the
Woodward Study Area, North Dakota. Counts
were conducted in momning and late evening
hours when many hens were off their pests for
recess periods. A comparable census was con-
ducted 2 to 3 weeks Jater when most of the late
nesting dabbler species—widgeon, gadwall, blue-
winged teal, shoveler, and green-winged teal—
were also in the Jaying or early incubation stages.
Again pairs were assigned to a particular pond
or Jocahzed area. Where the number and species
of pairs breeding in a Jocality was doubtful, 2 to
3 hours of observation on 4 or 5 consecutive days
helped resolve the questionable count. In short,
the accuracy of the census depended on an in-
timate seasonal knowledge of the_pairs continually
utilizing a Jocalized area and on the assessment of
these birds as_indicated breeders. Because the
study block was small and home ranges of many
pairs would encompass all or parts of it (Sowls,
1955; Dzubin, 1955), I also penodically censused
pairs in the quarter-sections surrounding the study
area 10 determine populations. Pairs were arbi-
trarily assigned to the study area omnly if the

i
H
i
i

drake’s or pair's waiting area (Hochbaum, 1944;
Sowls, 1955; Dzubin, 1955) was Jocated within
its boundary. Censuses of a small block-type area,

such as the 895-acre Roseneath_Study_Area, do_

not lend themselves_to_close approximations .of
breeding pair numbers as the ponds, upland and
even pair populations form an integral part of a
much Jarger complex of habitat surrounding the
block. As such, the assigned population is an
estimate of the pairs utilizing ponds on the study
block as waiting areas and does not include the
pairs breeding in its immediate environs and using
the study area ponds periodically.

Diving ducks
Early in the study 1 concluded that
census of diving ducks—<canvasback,
lesser scaup,
ponds would not adequate]y esumate breedmg
members. Diver pairs, except ruddy ducks tended
to aggregate on particularly deep ponds that ]
named “primary waiting areas” (Dzubin, 1955),
and to fly to surrounding smaller ponds for nest-
ing, feeding, and Joafing. On the study area, two
such congregating ponds served 15 to 25 pairs
that nested on the block and ponds surrounding
it. A census of pairs and Jone, unmated drakes
on such primary waiting ponds could not be used
to estimate pairs actually breeding oo the block.
Canvasback and redheads have maximum home
range sizes of 2 to 4 square_miles.—Such
‘mobile _species w1th Jarge _ ranges_do—not -Jend
themselves 1o adequate census on.a.small_block-
Lesser scaup arenot as mobile while rt ruddy ducks
tend to be sedentary. Some redhead hens were
semi-parasitic, some were completely parasitic,
while others laid normal clutches (see Weller,
1959). The distorted sex ratio in all divers and
especially scaup (Bellrose er al., 1961) made
counts of Giver Jone males 1o indicate pairs, mean-
ingless. The Secretive babits of ruddy ducks also
made analysis of observational
UTherefore, diver populations were
through a nesting study, wherein all emergent

ground
redhead,

censused

: cover was penodically searched for over-water

. nests. The maximum number of viable, destroyed,

and deserted nests found during the peak breeding
period was used to estimate the breeding popula-

data difficult.

\
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i ton on the study block.
Several basic assumptions were made in arbi-

trarily assigning breeding pair numbers to the

study block:
183
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1. That Jone drakes or pairs of dabbling ducks
localize their breeding activity to one or more
ponds and are consistent in their use of waiting
areas. Previous studies on marked birds bhad
shown that all breeding pairs restrict their activity
during the prenesting, laying, and early incuba-
tion periods (Sowls, 1955; Dzubin, pers. obs.).
However, much individual variation in activity
Jocalization within any species occurs, and
species differ in bourly and daily mobility and
home range sizes (Sowls, 1955; Dzubin, 1955;
Evans and Black, 1956). Sowls (1955: 54-57)
has reported that on a ditch near a marsh much
interchange of pairs between the same waiting
site occurred through the day. I noted more inter-
change of waiting sites under dense pair popula-
tions of the grassland than under Jess dense pop-
ulations of the parkland. '

2. That any ingress of pairs onto the block was
counterbalanced by a similar egress of the same
number and species of pairs out of the study area.
This is the most difficult assumption to assess,
in the light of the wide home range size of pintails,
mallards, and divers. However, under the Jow
population levels with which I worked, assump-
tion (1), above, was considered to be valid.

3. That all pairs counted on the block re-
mained there to nest and that all species present
bred. I noted that pairs were occasionally dis-
placed by other pairs or remained on the study
area for 1 to 2 weeks without any nesting
attempt. This was especially true of a small
number of Jate nesting gadwall and widgeon pairs
that tended to move off the area as soon as the
nest site was chosen away from the study block.
Theje was no evidence of nonbreeding pairs of
any‘species in the parkland, except in the case
of parasitic redheads.

4. That turnover of pairs was minimal. Hoch-
baum (1944: 158) and Smith and Hawkins
(1948) discussed the possibility of Jate pesting
pairs moving into an area and not being enumer-
ated by a census conducted during one interval.
Almost yearly I noted an infiux of five or six
mallard pairs in Jate May or early June. Drakes
of such pairs were brightly plumaged, unlike the
drab males that had been seen in the area for
the previous 2 weeks. These pairs appeared to be
Jate breeders, nesting for the first time. In the
population assessment, they were not considered
to be breeding pairs over and above those cen-
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sused in mid-May. As I could not determine if
they were new breeders or renesters, I again
assumed that an equal number of renesting
mallards Jeft the area to breed elsewhere. Accept-

‘ance of this assumption probably led to under-

estimation of seasonal population sizes each year.

5. That all diver nests were located in the
emergent vegetation of study area ponds. This
assumption was considered valid as all emergent
vegetation was checked for nests at 2-week inter-
vals. Any diver pairs that utilized the study area
as a part of their home range, and nested on a
pond immediately off the area, were not counted.

At best, estimates taken from direct ground
counts of pair numbers breeding on a small block
of parkland habitat should be considered rela-
tively imprecise approximations of seasonal
breeding pair populations. The estimation of
absolute breeding pair numbers per unit area

remains_an inexact lccﬁiigue, subject to many
vagaries of sp;é_cigs‘btiaviour,~ visibility, mobility,
and seasonal_nesting chronology.

Coding of population components—Kindersley
All data were coded by a system adopted after a
U.S. Bureau of Sport Fisheries and Wildlife
ground-census code, i.e., 1/0 = pair, 0/1 = Jone
male, 3/2 = 3 pairs and 2 Jone males, 3:0 = 3
grouped males, 5:5 = 5 grouped pairs, 0/F =
lone female, 0:4 = 4 grouped females (W.H.
Kiel, in lirt.).

Although Hochbaum (1944: 85) recom-
mended that only territorial pairs and lone,
waiting drakes be censused as breeding birds, he
described seven categories of ducks found in a
breeding marsh from April to early July: (1)
unmated ducks not yet courting, (2) unmated
ducks in prenuptial courtship, (3) mated pairs,
(4) novice drakes, (5) sexually active unmated
males, (6) summering drakes, and (7) unsuc-
cessful or nonbreeding females.

For counts of dabbler species on the potholes
of the Kindersley Study Area the following
10 categories were adapted for use after Hoch-
baum’s components:

1. Resident pairs—Jone pairs on ponds, or
pairs spaced over 15 feet apart along sections of
shore line. These were apparently settled, dis-
persed nonmugratory birds.

2. Grouped pairs and drakes—zggregated pairs

or pairs and drakes that behaved as fiocks and
were pot spaced. They were apparently migrating
individuals, pot yet settled or dispersed.




3. Breeding-season groups—aggregations of 2
to 20+ males and one hen on ponds. Birds
were assigned to either (a) “group flights asso-
ciated with courtship” (GFAC), in April and
early May, if males were giving displays and hens
were “inciting”, i.e., “spring courting flight” of
Dzubin (1957); or (b) “‘attempted rape flights”
(ARF), if drakes harassed lone hens which gave
the repulsion call (Dzubin, 1957; Raijtasuo, 1964;
McKinney, 1965). In mallards and pintails these
Jatter flights were seen after May 5, at a time
hens start to incubate. For other species they
were generally recorded after May 25. Birds in
“three-bird flights” (TBF), i.e., territorial . pur-
suits, were also noted. If the pursuing drake re-
turned to the pond under observation, he was
recorded as a Jone drake. If the chased pair
landed in an already censused pond, it was also
recorded. .

4. Postbreeding-season groups—aggregations
of males and two or more hens which behaved
as a unit. These groups were usually observed
after June 15. Such flocks of drakes and pairs
were considered to be in postbreeding condition
and not part of the breeding population.

5. Lone drakes—drakes that were spaced over
15 feet from other drakes on waiting stations.
These drakes were generally observed through
the laying and early incubation periods. The dis-
tance separating drakes varied with phenology
of season and the species.

6. Grouped drakes, five or less—drakes asso-
ciated with other drakes in small, cohesive ag-
eregations of two, three, four, or five. These
groups were observed in mallards and pintails
from late in the Jaying period through the mid-
incubation period, April 24 through Jupe. In
other dabblérs they were seen from mid- to Jate
incubation, beginning May 20 through June.
Small groups of unmated drakes, two to five
in number, of all species, were occasionally re-
corded through April and early May.

7. Grouped drakes, more than five—aggrega-
tions of more than five drakes. They were usually
observed in the Jate incubation or postbreeding
periods.

8. Lone hens—hens pot associated with drakes.
This category included bens that had just left
their nests, after Jaying or during incubation re-
cesses, and had not yet rejoined their drakes.
They made up Jess than 4 per cent of any popu-
lation count in May and early June but were

more common in Jate June after drakes had Jeft
for the moulting grounds.

9. Grouped hens—two or more hens in aggre-
gations that behaved as units. They were observed
in the postbreeding period after June 15 and to
July 10. They included hens that had either
lost clutches or had abandoned near-flying broods.
Rarely would two or more incubating hens on
recess from the nest be seen together. They were
not considered pairs, even though their drakes
may have already abandoned the home range.

10. Drake—hen ratios—where divers, and oc-
casionally migrating dabblers, were associated in
loose aggregations, and pairs and Jone drakes
could not be separated, counts were Jumped and
recorded as a ratio of drakes to hens, e.g., 12:9.
Kindersley Study Area
Direct counts of all ducks were used to estimate
population Jevels on the grassland study block.
Because of staggered breeding seasons and dif-
ferential times of migration and nesting of each
species, a number of counts were conducted
through April, May, and June. Few breeding
pairs or Jone drakes of any species were recorded
after July 15.

In 1956, the 10.5-square-mile study area was
divided into three sections. All of the “indicated”
pairs on the ponds of each section were counted
by two men who walked together to each pond.
Although an attempt was made not to flush pairs,
it was unavojdable on small, open ponds where
some pairs tended to flush as far as 200 to 300
yards away. Pair counts made on ponds in the
western third of the study area showed that from
20 to 45 per cent of the pairs were flushed. Pairs
or drakes seen to land in a pond not already
tallied were subtracted from the pond totals. How-
ever, some censusing of previously counted pairs
undoubtedly occurred. The magnitude of the
duplication error was -unknown and vanable.
However, the consistency of counts taken in mid-
May was high, and comparison with nests found,
especially for the major breeding species (i.e.,
mallard), showed no wide discrepancies. Counts
were conducted from 0530 to 1100 hours, M.S.T.,
at approximately 7-day intervals from May 3 to
June 11.

From 1957 to 1959, inclusive, breeding pair
counts were made with binoculars or a 20 X tele-
scope {from a vehicle that was driven to a point
overlooking each pond. Fewer than 5 per cent of
all ducks were fiushed. Approximately 22 miles
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were driven during the census of the 10.5-square-
mile block. Censuses were generally conducted
on bright days when wind VeloCities were below
15 mph. Two censusers working together were
able 10 survey all wet ponds between 0800 and
1200 hours. 1 had determined that pairs of most
species were least mobile during this period.
Fewer than 15 of the 114 pond basins contained
dense stands of dried emergenis (Carex, Scirpus,
Bechkmannia, or Glyceria) in which pairs could
secrete themselves. 1t was generally after May 20
when emergent vegetation grew to 2 6- to §-inch
height, and therefore no attempt was made 10
“beat-out” ponds. Near emergent-rimmed ponds,
the slamming of the car door or sounding of a
horn was sufficient to alert the birds enough to
make them visible for censusing. Again counts
were made at 5- to 10-day intervals from early
April to mid-June. %

As on the Roseneath Study Area, census of
pair and drake divers was not considered an ade-
quate measure of the number of pairs breeding
on the study block. Therefore, data on breeding
divers were obtained from an associated nesting
study. A viable, hatched, or predator-destroyed
nest was considered evidence of a breeding pair.

To ensure that dabbler censuses were con-
ducted at an optimum period, a similar nesting
study was simultaneously conducted to determine
breeding season chronology. Census dates were
arbitrarly chosen to ensure coverage dunng opti-

mum_breeding periods for early nesters, mallards

and pintails; intermediate nesters, widgeon and

shovelers: and late nesters, blue-winged teal and

cadwall.

Analyses of census results

Census resu]{s from each survey made during
the optimum breeding interval for each species
(i.e., when the greatest proportion of hens of
pairs were Jaying, incubating, or in renesting
breeding phases) were Jumped and an average
breeding pair figure calculated. Al mallard and
pintail pairs, lone drakes, grouped drakes, and
grouped - drakes in group flights associated with
courtship and atiempted rape fiights, counted
before May 20, were considered breeding pairs.
For widgeon and shoveler, all of the above cate-
cories were considered breeding pairs if censused
efore June 5, while for blue-winged teal and
adwall all of the above categories were con-
idered breeding pairs if noied before June 10.
one hens were not added to the population
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counts as 1 assumed all hens to be paired to one
of the lone or grouped drakes already enumer-
ated on the study block. Since fewer than four
Jone hens of any species, or less than 4 per cent
of the indicated pairs counted from 1956 to 1959,
were ever encountered on any Census, any error
in deleting this component would be small. The
average number of pairs was termed the “mean
indicated breeding population”.

Sex ratio data from Bellrose er al. (1961) had
shown that among most dabbler species there 1s
a preponderance of drakes immediately prior to
the breeding season. 1 collected similar data
during the prenesting interval. To ensure that
palr census data were not weighted with the
unmated-male segment, a correction factor using
the average prelaying drake-to-hen ratio for each
species was applied to the indicated population.
The breeding-pair population figure was then
termed the “sex-ratio corrected popuiation”. Sex
ratio corrections were applied only to dabbler
figures as diver populations were assessed from
pesting studies. Murdy (1962) has more recently
applied such corrections to spring censuses of
lesser scaup and ring-necked ducks at Yellow-
knife, N.W.T.

In 1956 and 1959, in order to test stability of
population. and reproducibility of census counts,
four or five censuses were made during the
period when the greatest proportion of pairs
were in the prenesting, Jaying, or incubation
periods. In 1959, periodic censuses were con-
ducted three times a day on May 11, 15, and 16
to determine daily variability in the census and
percentages of pairs, Jone males, and grouped
mzles during any one time interval
Definitions
To clarify further what population components
were used in breeding-pair counts, the following
definitions will be followed throughout this paper:

Assigned breeding population—The dabbler
breeding population assigned to a unit of habitat,
usually 160 acres. The population was deter-
mined by plotting the location of pairs and lone
drakes on a map during four or five censuses. If
a pair or lone drake of any species was seen on
a particular pond three or four times, it was
assigned to that pond or guarier-section.

Indicated breeding population—The population
estimated from counts of various components.

1. Mallards and pintails: Pror to May 20, all
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Jone males, pairs, all grouped males, and males
in aerial flights temporarily on ponds censused
were considered pairs. Thereafter, all Jone males,
pairs, grouped drakes of five or less, and aerial
fiights temporarily on ponds were considered
evidence of breeding pairs. After May 20, groups
of six or more males were considered postbreed-
ing birds.

2. Widgeon and shoveler: Prior to June 5,
all Jone males, pairs, all grouped males, and all
males in aerial flights on ponds censused were
considered pairs. Thereafter, only grouped males
of five or less in number, lone drakes, drakes in
aerial fiights, and pairs were considered breeding
pairs. Groups of mated males, usvally in two’s
and three’s, were rarely observed until mid- or
late incubation. Groups of unmated males were,
however, more common. ,

3. Gadwall and blue-winged teal; Same as
widgeon and shoveler except cut-off date of June
10 was vused. Again, associations of mated males
were uncommon until mid-incubation.

4. Divers: All viable, hatched, destroyed, or
deserted nests found, which were initiated prior
to June 15, were considered evidence of a breed-
ing pair unless field observation indicated a nest
to be a renest. With ruddy ducks the cut-off date
was extended to June 20.

Sex-ratio corrected population—This was the
mean indicated breeding population taken during
four or five censuses, during the time most breed-
ing pairs were in the prelaying, renesting, laying,
or incubation stages, to which asex-ratio correc-
tion factor as found in Table 3 was applied. The
correction factor was determined from spring
counts of the sex ratio of each species before
the first eggs were found. It reduced the indicated
pair’ population by the proportion of unmated
drakes found in the species. The sex-ratio cor-
rected population was considered to be the best
estimate of the absolute breeding population of
a study area.

Migration, inventory, and populafion
components

Spring arrival dates

Most dabbler species arrived at both the Rose-
peath and Kindersley districts before the diving
ducks (Table 2). Of the dabblers, pintails were
the first species DOTE.'ddfuvsual]y by the last week
in\\mfgh.—‘The§f were followed by mallards,
widgeon, green-winged teal, shoveler, cadwall,

and blue-winged teal during the first to third
week of April. Redheads and canvasback arrived
at about the szi?n—gdt’irp_e,_asﬁgrpen_—_winged teal,
and shovelers were -usually observed 1 to 4 days
before lesser scaup. Ruddy ducks and white-
winged scolers, which rarely nested at Kindersley,
were the latest species to migrate. The first mi-
grant pairs of pintails and mallards were asso-
cialed with the first appearance of spow-water
pools in fields. Arrival dates were about 1 week
earlier at Kindersley than at Rosencath. Migrants
arrived at Roseneath 1 to 2 weeks later than
dates given for southern Alberta by Keith (1961:
42) and for Delta, Manitoba, by Sowls (1955:
12). The species sequence is about the same for
all areas. Arrival dates of all species given by
Ellig (1955: 11) for Montana are generally
1 to 2 weeks earlier than the Kindersley arrivals.
Keith’s arrival dates for all species i1 1956 are
5 to 8 days earlier than dates from Kindersley.
" Peak influxes of all species were geperally_1 to.
2 weeks later than first arrivals. Major migra-
tions were associated with favourable weather,
i.e., southerly winds and temperatures above
30°F. Prolonged April cold periods tended to
dampen movements unti] early May. In the cold
spring of 1954, Gollop and Lynch (1954: 47)
recorded fiocked mallards and pintails as late as
May 10, after which they dispersed. Gollop
(1954: 65) has also described the delaying effect
of 2 mid-Apnl cold snap on migration and nest-
ing in the Kindersley district. Except for excep-
tionally warm springs with few intervening cold
snaps when migrants moved into the study areas,
en masse, over 7 to 10 days, e.g., 1955, two or
three infiuxes of migrants occurred over a 3-week
period. Few migrants were recorded as late as
30 days after the first arrivals were noted. At
Kindersley from 1956 to 1959, most mallards and
pintail pairs were settled by May 5 whereas all
other species, except lesser scaup and ruddies,
terminated migration by May 20. At Roseneath,
a few migrating mallard flocks were recorded as
Jate as May 12. The last migrant gadwall and
blue-winged teal were noted by May 25 while a
small number of Jesser scaup moved through until

early June.

Sex ratios

Sex ratios taken on the Kindersley Study Area

before the first cluiches were found showed only

superficial differences among all dabbler species
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(Table 3). Utilizing the binomial probability dis- staup, Te., 6111 == 1.4 -wsl 661 = 2.1, and
tribution (Steele and Torrie, 1960), I found no assuming sample sizes in Bellrose er al. were in
significant difference (p = >0.05) in the sex the order of 2,000.
ratio means among all seven dabblers. Similarly, On an Alberta grassland breeding ground, sex
no significant difference existed among the four ratios for five Jate nesting species (Keith, 1961:
diver sex ratio means. Yearly comparisons were 43) were slightly higher for gadwall (113:100),
f not particularly valid because of small sample blue-winged teal (144:100), Jesser scaup (163:
i sizes. However, there was a significant difference 100) and ruddy duck (203:100) but Jower for
i (p = <0.05) bctween years for lumped samples redhead (127:100) than comparable data in
: of Jesser scaup, ie., 1956 plus 1957 vs. 1958 Table 3. None of these ratios was significantly
plus 1959; the percentage of males =95 per cent different (p = >0.05) from those taken at
confidence interval was 56.8 = 2.6 and 63.3 Kindersley.
= 1.6. For all species (Table 3), the sex ratios All dabblers including mallards and pintails,
do not difier significantly (p = >0.05) {rom the most common breeders at Kindersley, did not
these shown for Manitoba by Bellrose er al show any significant departure (p = >0.05)
(1961: 416). 1 also found no significant difier- from a 50:50 ravo. Yet, Belirose er al. (1961)
ence (p = >0.05) for all species between the showed a consistent preponderance of drakes in
sex ratios gathered at Kindersley and those pre- spring counts taken of these two species through-
sented by Bellrose er al. (1961: 428) for the out North America. Other authors have also
mid-continent breeding grounds, except for Jesser shown consistent deviations favouring males. Sex

TABLE 2 Recorded spring arrival dafes of first duck pairs, 1953 fo 1959

Roseneath District Kindersley District

) Range Range
Species *1953 1954 1955 in days 1956 1957 1958 1959 in days
Pintail Mar. 29 Apr. 8 Apr. 1 10 Apr. 1 Mar. 25 Mar. 29 Mar. 20 12
Mallard Mar. 31 Apr. 8 Apr. 2 8 Apr. 4 Mar. 25 Mar. 29 Mar. 23 12
Widgeon Apr. 23 Apr. 12 Apr. 14 11 Apr. 10 Apr. 3 Apr. 4 Mar. 31 10
Green-winged ieal Apr. 21 Apr. 16 Apr. 10 11 Apr. 17 Apr. 18 Apr. 6 Apr. 8 12
Shoveler Apr. 28 Apr. 18 Apr. 20 . 10 Apr. 12  Apr. 14 Apr. 4 Apr. 14 10
Gadwall Apr. 27 Apr. 25 Apr. 17 10 Apr. 21 Apr. .15 Apr. 18 Apr. 11 10
Biue-winged teal Apr. 29 Apr. 25 Apr. 17 12 May 3 Apr. 25 Apr. 24 Apr. 21 12
Canvasback Apr. 21 Apr. 19 Apr. 12 9 Apr. 16 Apr. 15 Apr. 12 Apr. 11 5
Redhead Apr. 27 Apr. 18 Apr. 17 10 Apr. 18 Apr. 15 Apr. 10 Apr. 10 8
Lesser scaup Apr. 24 Apr. 19 Apr. 13 11 Apr. 16 Apr. 15 . Apr. 10 Apr. 15 6
Ruddy duck May 5 Apr. 13  Apr. 25 18 May 14 May 12 Apr. 29 Apr. 21 23

* 1n 1952 D‘Jl species were present prior 1o May 9, except ruddy ducks which were first seen on May 12.

TABLE 3 Sex ratios of ducks, 1956 to 19359, Kindersley Study Area. From counts faken of spaced

AL N IR St £ 4059 v

| birds (not migrating flocks) before the first clufches were found

f: % Bive- Green-

Fa 1 i winged winged Canvas- Lesser Ruddy
'§ ‘. Mallard Pintail  Widgeon Gadwall Shoveler 1cal 1cal back Redhead scaup duck
¥ & )

-1k To T Te e T o Yz e e V4 e
_; 5; Year No. male No. male No. male No. male No. male No. male Nc. male No. male No. maie No. male No. maile
fd i’[; 1956 364 54 —_— 179 50 319 53 35 — 113 S2 94 51 T 98 51 807 55 59 58
= B 1t 1957 — — — — 31251 98 51 196 56 225 56 100 57 72 68 139 66 785 59 — —
;'{3 f‘.’ 1958 310 52 383 55 550 53 181 53 148 53 80 54 352 54 24 — 171 57 1133 63.5 97 53
& R 1959 358 53 235 53 493 52 175 51 184 54 104 54 135 55 65 S5 370 56 . 2003 63.2 435 66
53 4 Toal 1032 52.8 628 54 1534 51.9 7713 52 563 54 522 55 681 54 176 61 778 57 4728 61.1 591 63
&5 95 con. int. +3.0 =4 2.6 x4 x5 5 =4 +7 +4 1.4 +4
‘Zé 3 Mean rztio M:F this

i:§ study 112:100 117:100 J0§:100 110:100 119:100 120:100 110:100 159:3100 134:100 157:100 172:100

Bellrose e ol.* (1961:428)  105:100  115:100  129:100  112:J00 123:100  133:100 _121:100 174:100  127:100  195:100  211:100
Belirose er al.1 (1961:4)6)  117:100  142:300 116:100 121:100 13%:100  117:10C  115:100  132:100 111:100  154:100

*“Recaiculaied from Table 34, jor Saskaichewan, Minnesotz, Manitoba. and North Dzkota.
1Recziculated from Table 27, for Mznitoba, April 21 10 25 or April 29 10 May 7.
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ratio means for mallards and pintails from Kin-
dersley are close to those given for Delta, Mani-
toba, by Hochbaum (1944), ie., 102:100 for
mallards and 109:100 for pintails. For Montana,
Ellig (1955: 12) gave ratios of 127:100 for
mallards and 107:100 for pintails, in birds cen-
sused prior to April 14, 1952. Sowls (1955: 24),
summarizing early spring mallard and pintail sex
ratios from Delta, gave a mean ratio of 108:100
in favour of males for both species. Counts made
by Bue (in Bellrose ef al,, 1961: 418) in east-
ern South Dakota prior to Aprl 15, 1950 and
1951 show percentages of mallard drakes of about
53 per cent (113:100) and pintails of 57 per cent
(132:100).

Spring sex ratios for dabblers and divers have
been published by a number of other authors.
Comparisons of published Hgures with the data
shown in Table 3 are not particularly meaningful
as published ratios were taken through the spring
mogration period and are npot confined to the
breeding grounds. Sex ratio data for many water-
fow] species were presented in Bennett (1938),
Furniss (1938), Ermckson (1943), Hochbaum
(1944), Beer (1945), Low (1945), Sowls
(1955), Elig (1955), Johnsgard and Buss
(1956), and Moyle (1964). A discussion of the
errors involved in gathering and comparing
“piece-meal” sex ratio counts is given by Bell-
rose et al. (1961). The Kindersley data, which
were gathered in a Jocalized area of the wvast
breeding grounds, tend to substantiate the views

of many workers that in spring populations of
most waterfow] species there is a preponderance
of unmated males which I suggest can be counted
erroneously as indicated pairs. :
Difierential sex rafios and migration

Bellrose er al. (1961: 412-416) discussed
changes in sex ratio related to times of north-
ward migration in many species. Sex ratios are
generally more unbalapced in favour of drakes
in late spring than in early spring. In the present
study with its small samples no such marked
seasonal changes in prebreeding sex ratios were
noted with any species except lesser scaup. In
1958 when only three lesser scaup nested on the
Kindersley area and in 1959 when no breeding
was observed, sex ratios taken before May 15
were significantly different (chi square, p =
<0.05) from those collected in late May and
through Jupe (Table 4). The data, although not
affected by increasing number of hens nesting,
show an increase in proportion of migrant drakes
through early and mid-June. The change may
reflect an increasing number of drakes abandon-
ing early pesting hens away from the study block
or may suggest that unmated males migrated
later, perhaps remaining farther south than mated
males.

Changes in sex ratios in favour of males as
spring migration progresses have been reported
for widgeon and shoveler by Erckson (1943),
for green-winged teal by Beer (1945), and for
pintail and Jesser scaup by Hammond (in Bell-

TABLE 4 Seasonal changes in sex ratios of migrating lesser scaup, 1958 and 1959, Kindersley Study Area

Migration and prebreeding period - Breeding and postbreeding period

Dates | April 19 to May 3 May 10 to 15 May 24 to Jupe 6 Jupe 12 to 26
Year - Number 9 drakes Number 9% drakes Number % drakes Number 9% drakes
1958* 870 63 346 63 315 73 393 86
{95% con.

int.) (£3) (£5) (£5) (£3)
Dates April 21 to May 8 May 11 to 15 May 28 to June 4 Jupe 12 to 17
Year Number 9 drakes Number 9% drakes Number 9 drakes Number 9 drakes
1959* 861 67 1,142 60.1 439 71 270 84
(959, con.

int.) (+3) (£2.9) (25 (%95

* Sex ratic sig. difi. p = <.05. Both periods chi square, 1958 = 25.3, 1959 = 24.5, 1 d.f.
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rose ef al., 1961: 402). In Manitoba, Hochbaum
(1944: 16) noted that although April sex ratios
were nearly balanced in mallards and pintails
there was an infiux of unmated drakes into the
marsh in early May, as evidenced by Jarge num-
bers of “courting parties”. In Illinois, Bellrose
er al. (1961: 414) report that sex ratios were
heavily weighted to drakes in mallard, pintail,
canvasback, and ring-necked ducks in Jate Febru-
ary but that the preponderance of drakes de-
clined in March and April. Lesser scaup sex ratio
counts given for Manitoba by Kiel (in Bellrose
et al., 1961: 416) do not show an upward swing
in drakes through June as noted in the present
study. However, Jocal differences in sex ratios
determined from small samples may not reflect
similar changes in the population as a whole over
the entire migration or breeding habitat.

Species composition—Rosencath .
Mallard, blue-winged teal, and widgeon were the
predominant dabbler species, making up an aver-
age of 82 per cent of the 105 breeding pairs
(Table 5). Ruddy ducks and canvasbacks were
the major diving duck species nesting on the area,
comprising an average of 75 per cent of the 28
breeding diver pairs. Green-winged teal, gadwall,

and lesser scaup were the Jeast numerous breed-
ing species. Mallards dropped from 54 to 33 pairs
over the 4-year span of the study, while blue-
winged teal and pintails showed somewhat erratic
vearly fluctuations. Major increases in numbers
were noted for ruddy ducks, with a recorded in-
crease from 4 breeding pairs in 1952 to 15 pairs
in 1955. The ring-necked duck was an uncom-
mon breeder in the area; one pair established a
nest in 1954. Species composition of the study
area and pairs observed per square mile are
similar to those given for the same block by
Evans, Hawkins, and Marshall (1952: 38) for
the 1951 breeding season. In their study, of the
88 breeding pairs recorded per square mile, mal-
lard, blue-winged teal, and canvasback were again
the most common species. For the entire New-
dale-Erickson district of west-central Manitoba,
Kiel (1951: 56) showed the blue-winged teal,
mallard, and lesser scaup as the three most
numerous breeding species. For the same area,
Pospichal, Cram, and Parsons (1954: 86, 87)
showed that from 1949 to 1954, mallard was the
predominant breeder “followed by blue-winged
teal, lesser scaup, and pintail.

TABLE 5 Breeding pair estimates and species composition, Roseneath Study Area, 1952 to 1955

% Mean
Assigned breeding pairs species pairs/
4-year  composi-  square
Species 1952 1953 1954* 1955 average tion mile
Dabblers:
Mallard 54 49 4] 33 44 33 .1 31.5
Blue-winged teal 31 21 35. 24 29 21.8 20.7
Widgebn . 12 13 15 12 13 9.8 9.3
Pintail ) 11 6 12 7 9 6.8 6.4
Shoveler 4 3 5 3 4 3.0 2.9
Green-winged teal 5 3 5 0 3 2:3 24
Gadwall 3 3 2 3 3 2.3 2.1
Subtotal 120 104 115 82 105 5.3 750
Divers:
Canvasback 2 10 10 8 10 75 |
Redhead 4 10 6 5 6 4.5 4.3
Lesser scaup 1 2 2 0 1 0.7 0.7
Ruddy duck 4 10 14 15 1] 8.2 7.9
Subiotal 21 32 32 28 28 20.9 20.0
Total 141 136 147 110 133 100.0 95.0

* Plus ope pair of nesting ring-necked ducks.
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Species composition—Kindersley

On the grassland study block, mallard and pintail
were the predominant breeding species (Table 6).
They made up 72 per cent of the mean breeding
population for the 4-year period. Dabblers made
up 97 per cent of the entire population while
divers, chiefly Jesser scaup, made up the remain-
der. No ruddy ducks were found breeding on the
area, while one nesting pair of white-winged
scoters was recorded in 1958. This area contained
an average of 52 breeding pairs per square mile,
in contrast to the average of 95 pairs per square
mile at the Roseneath stud_); area (Table 5).
Although 2 to 12 pairs of white-winged scoters
were regularly censused on a 90-acre pond in Jate
May and early June 1956 through 1959, only one
pair was recorded pesting pear this pond in
June 1958.

Major yearly fluctuations in pair numbefs oc-
curred with all species. Peak numbers of mallard
and_pintail_pairs (358 and 269, respectively)
were found on the area in 1957 a year of drought.
v.hych probably forced many pairs onto the _;aa-
uve]y well-watered study block from the sur-
roundmg droutzht strlcken regions. While mallards
“and pmtalls increased in abundance in 1957,

other breeding species decreased. Decreases in
breeding pair numbers occurred generally in all
species in 1958 and 1959, associated with con-
tinuing drought and poor production of young:
Gollop (1954: 71) conducted pair surveys on
a sample of 20.5 square miles in the Kindersley-
Eston district and determined indicated breeding
populations of 75 pairs per square mile in 1952
and 40 pairs per sguare mile in 1953. Pintails,
mallards, shovelers, and blue-winged teal were
the predominant dabbler species recorded, while
Jesser scaup and canvasback made up the greatest
portion of divers.
Indicated pairs and nonbreeding in divers
As previously discussed, there is some difficulty
in assigning diver pairs to a study area as indi-
cated breeding pairs from ground census. Also,
there is no way to differentiate migrating pairs
from residents and nonbreeding {rom breeding
pairs (Smith and Hawkins, 1948; Ellig, 1955).
A comparison of the mean indicated population
with numbers of nesting pairs found on the 10.5-
square-mile block showed that only 48 per cent
of  the indicated population of diver pairs pested
in-1956, 38 per cent (1957, 39 per eept in
1958, and 3 per cent in 1959 (Table 7). Most of

TABLE 6 Breeding pair estimates and species compesition, Kindersley Study Area, 1956 to 1959

% Mean
species pairs/
4-year  composi- square
Species 1956 1957 1958 1959 average tion mile
7 Sex ratio corrected breeding dabbler pairs
Mallard 248 358 173 149 232 42.8 22.1
Pintail { 182 269 143 43 159 29 3 15.3
Widgeon ) 75 40 4] 35 48 8.9 4.6
Gadwall 44 1o 25 23 28 5l 257
Shoveler 30 29 29 23 28 S 27
Blue-winged teal 38 25 27 16 26 4.8 2.4
Green-winged teal 5 7 3 4 5 1.0 0.5
Subiotal 622 747 441 293 526 970 50.1 .
Nesting diver pairs
Canvasback 1 0 0 0 <1 0.1 air,
Redhead 4 2 0 0 2 0.4 0.2
Lesser scaup- 26 15 12 3 14 2.6 1.3
White-winged scoter 0 0 1 0 <4 <0.1 T
Subtotal 31 17 13 3 16 3.0 1.5
454 296 542 100.0 51.6

Total 653 764
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TABLE 7 Comparison of indicated pairs of diving ducks from ground census and observed nesting
populafion, May 20 to June 5, Kindersley Study Arca, 1956 to 1959
1956 1957 1958 1959
Nest Nest Nest Nest
Mean popula- % Mean popula- 9 Mcan popula- % Mean popula- %%
Species pairs tion  breeding pairs tion breeding pairs tion breeding pairs tion  breeding
Lesser scaup 57 26 46 29 15 52 27 12 o 70 3 4
Canvasback 1 1 100 7 0" 0 ] 0 0 2 0 0
Redhead 5 4 80 7 2 29 1 0 0 15 0 0
Ruddy 1 0 0 2 0 0 2 0 0 27 0 0
Total 64 3] 48 45 17 38 31 12, 39 114 3 3

the breeders were lesser scaup. Only one canvas-
back and six redhead pairs nested, while no ruddy
duck nests were found. I concluded that indicated
pair populations taken only from pair counts(i.e.,
omitting all lone or grouped males) during the
period when divers should be pesting do not
adequately approximate pair numbers actually
nesting. Some of the indicated pairs were un-
doubtedly Jate migrants, especially ruddy ducks,
but observations showed that many pairs of lesser
scaup, and to a Jesser extent, canvasback and
redhead, remained on the area through late June
without making any attempt to pest.

Some of the lesser scaup censused may have
been nonbreeding yearlings, although McKnight
and Buss (1962), after histologically examining
16 ovaries, concluded that most, but not all, year-
lings are physiologically capable of breeding. In
Manitoba nonbreeding in lesser scaup has been
associated with deteriorating habitat conditions
and nonfigoding of pesting cover (Rogers, 1964).
Rogers (1963) also noted that the proportion of
hen scaup nesting around four intensively studied
potholes decreased from 64 per cent in 1958 to 8
per cent in 1959. In 1960 with a recovery of
water levels, 60 per cent of the resident pairs
nested. Each vear some of the hens failed to nest.
In Montana, Smith (1953: 286) also noied an
absence of lesser scaup broods in late summer
even though pairs were present earlier on his
study reservoirs. Similarly, in Brtish Columbia,
Munro (1941) suspecied that a proportion of
the lesser scaup population did not breed but
retained their bnght breeding plumage into mid-
summer. 1 suggest that, owing to poor babitat
conditions, deieriorating water levels, and de-
crease 1n pothole pumbers, K many divers also
292

became nonbreeders in the Kindersley area from
1957 through 1959, with the Jowest ratio of
nesting pairs to indicated pairs in 1959.
Nonbreeding in dabblers

Nonbreeding in mallards and pintails has been
reported for Alberta by Smith (1961) who con-
cluded that pairs did not breed under deteriorat-
ing water conditions due to “physiological and
psychological shock™ 1 obtained po direct
evidence for nonbreeding of dabbler species
because of the difficulty in separating breeders
from nonbreeders. However, in 1957, of some
358 indicated mallard pairs censused on the
Kindersley Study Area, only 300 pests were
located during two complete “beat-outs™ of the
upland nesting cover. Approximately 20 more
nests were estimated to be in stubble fields and
fence rows. Either the coverage of nesting ha-
bitat was less than 100 per cent efficient, or
some pairs nested at over 1 mile from the study
block, or 35 to 40 of the immigrant pairs
failed to pest. Also, in 1959, a periodic census
of gadwall and widgeon pairs indicated that as
many as 20 of the 35 widgeon pairs and 14 of
the 23 gadwall pairs failed to nest. Loose aggre-
gations of these pairs were seen on two ponds
through late May and early June with no ewvi-
dence of dispersion or Jaying. Six gadwall hens
were collected from fiocked pairs outside the
study areza on June 5. On internal examination
four of the hens’ ovaries showed ova in various
stages of atresia, with no evidence of ovulated
follicles present. The other two had apparently
attempted 1o lay, as regressed follicles were
poted. The mechanisms involved in ponbreeding
under conditions of poor quality habitat and
high pair densities are not known.

e e e gt



Breeding scason dynamics of dabblers—1958

Periodic censuses conducted from 0800 to 1200
hours on the Kindersley Study Area throughout
the 1958 breeding season showed wide changes
in pair, Jone drake, and grouped drake categories
of each dabbler species (Tables 8a to 8f). A
pesting study conducted concurrently gave known
reference points for start of nesting, peak laying,
first broods, and peak of hatching. The major
difierence between the carly nesting mallard and

pintail population components (Tables 8a and
8b, respectively) and Jater nesting widgeon (Table
8c), shoveler (Table 8d), gadwall (Table 8e),
and blue-winged teal (Table 8f) is the near
absence of a grouped drake component in the
last four species until the mid- or Jate incubation
period. Also, no major posthatching influxes of
the Jast nesting species were recorded.

A graphic comparison of one example of ab
carly nester, mallard, with ap intermediate nesier,

TABLE 8a Seasonal census of mallards on Kindersley Study Area, 1958
Group sizes of drakes Drakes
Number of groups as %
Lone all Indicated

Date Pairs drake 2 3 4 5 €10 104+ Other* birds population
Apr. 4 33 2 1 52 Sl
Apr. 12 116 6 1] 52 124
Apr. 19 135 7. " 0 1 53 155
Apr. 24 96 62 6 4 66 182
Apr. 29 71 69 13 1 3 1(6)° 73 187
May 3 49 64 24 6F 1 3 80 198) ®
May 10 35 55 19 11 2 3 1(7) 85 191
May 21 52 49 27 13 2 2 1(9) 81 212

hp?
May 24 48 72 21 17 3 1 1(8) | 83 230
May 31 24 47 14 7 3 3 5(35) 4(109) 9:9 90 147
June 6 5] 18 6 5 0 1 6(47) 2(39) | 19519 87 81
Jupe 12 12 50 - 6 1 0 0_ 2(13) 3(70) 19:19 82 37
June 20 4 3 0 0 0 1 1(6) 1(15) 9:17 67 12
Jupe 26 1 4 1 0 1 0 2(15) 1(14), 10:24 67 11
For all tables, 8a to 8f. ]
*Breeding birds in attempted rape flights or postbreeding groups given as a ratio, drakes:bens.
POptimum census period, i.e., when population reaches a plateau and is fairly stable.
¢Figures in brackets give exact number of grouped birds.
Shp = hatching peak.
TABLE 8b Seasonal census of pintails on Kindersley Study Area, 1958
4 3
Group sizes of drakes Drzkes
Number of groups T as 9%
Lone all Indicated
Date Pairs drake 2 3 4 5 610 104 Other birds populaiion
Apr. 4 63 8 1 1 55 76
Apr. 12 84 17 1 55 103
Apr. 19 112 21 54 133
Apr. 24 89 46 2 0 1 1 1(6) 20:4 65 174
Apr. 29 49 76 6 S 1 1 1(6) 5:1 78 172
May 3 53 55 13 4 0 2 28:3 76 181
May 10 36 45 11 8 3 2 1(7) 6:1 81 162
May 21 37 39 11 4 5 4 1(9) 3:1 81 150
hp

May 24 36 43 10 10 4 3 72 82 160
May 31 21 22 7 6 4 2 4(32) 4(97) 18:13 88 101
June 6 20 14 2 0 1 0 1(6) 2(53) 28:9 82 42
Jupe 12 | 1 1(8) 1(11) 33 89 2
Jupe 20 1 0 1 0 — 6
Jupe 26 1 3(20) 100 3
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TABLE 8c Seasonal census of widgeon on Kindersley Study Area, 1958

Group sizes of drakes Drakes
Number of groups ! 3 as % 1
Lone all Indicated
Date Pairs drake 2 3 4 3 6-10 104+ Other  birds population
Apr. 4 1 - 1
Apr. 12 15 2 1 57 20
Apr. 19 43 7 54 50
Apr. 24 62 5 g i 54 74
Apr. 29 62 2 52 64
May, 3 76 5 52 81
May 10 3 4 . 93 35
May 21 37 18 60 55
May 24 31 25 64 56
May 31 16 25 72 4]
June 6 17 15 65 32
hp
Jupe 12 8 12 1 1 ] 78 29
June 20 4 2 0 1 1(11) 83 9
June 26 0 0 1 1 1(6) 4:1 — 5
TABLE 8d Seasonal census of shoveler on Kindersley Study Area, 1958 2
Group sizes of drakes Drakes
Number of groups as 9%,
Lone all Indicated
Date Pairs drake 2 3 4 5 6-10 10+ Other birds population
Apr. 4 1 — 1
Apr. 12 0 - - 0
Apr. 19 10 2 55 12
Apr. 24 32 3 4:1 54 39
Apr. 29 25 2 52 27 5
May 3 29 8 56 37
May 10 27 & 56 35
May 21 24 16 63 402
May 24 13 13 1 1(6) 73 35
May 31 7 23 81 30)
June 6 6 16 1 2 343 75 30
hp
June 12 1 15 i 1 25 21
Jupe 20 5 5 1(7) J T 10
June 26 0 0 5:4 - 0
TABLE §e Seasonal census ef gadwall on Kindersley Study Area, 1958
P Group sizes of drakes Drakes
Number of groups R as %
Lone all Indicated
Date Pairs drake 2 3 4 5 610 10+ Other birds population
Apr. 4 —
Apr. 12 -
Apr. 19 3 — 3
Apr. 24 8 1 53 10
Apr. 29 6 50 6
May 3 17 3 51 18
May 10 24 1 51 25
May 21 36 6 54 42
fay 24 22 4 54 2
May 31 8 16 75 24
June 6 15 12 &4 27
June 12 10 6 1 1 68 21
hp
June 20 4 = 1 1 78 14
June 26 1 1 1(10) 2:2 90 7
194
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TABLE 8f Seasonal census of blue-winged teal on Kindersley Study Area, 1958

Group sizes of drakes Drakes
Number of groups as %
Lone all Indicated
Date Pairs drake 2 3 & 5 6-1C 10+ Other birds population
Apr. 4 —
Apr. 12 i
Apr. 19 —
Apr. 24 3 1 =0 4
Apr. 29 —
May 3 7 ] 53 8
May 10 27 4 53 3]
May 21 12 9 1 66 23
May 24 14 21 71 35
May 31 13 17 10:4 71 34
June 6 5 27 6 90 44
June 12 6 14 1 79 22
- hp
June 20 3 6 75 9
June 26 2 4 il 89 17

widgeon, shows the Jack of grouped widgeon
males until the June 12 count, while mallard
groupings are evidenced as early as April 24
(Figure 3). Optimum census perjods overlapped
in the two species during mid-May.

Mallard

Even before the start of egg laying between
Aprl 12 and 15, a oumber of lone and grouped
drake mallards were observed (Table 8a). These
were probably unmated males. On Aprl 29
the ratio of pairs to Jonpe males was about 1:1,
but thereafter pair numbers tepded to decrease
and Jone males increased until a ratio of 1:1.5
was recorded at the hatching peak, about May 21.
The grouped drake component increased during
this 22-day interval as more hens started to in-
cubate.

During ‘the peak laying interval of Aprl 24
to 29, most grouped drakes were found in aggre-
gations of two. As the incubation period con-
tioued, more groups of three to five were
observed. During early May when first nesiers
were incubating, few aggregations of more than
five drakes were seen. Before May 21 only three
groups of more than five males were observed,
one each on Aprl 29, May 10 and May 21.
During the censuses prior to May 24 no group
flights associated with courtship or attempted rape
flights were recorded, although a number were
noted on the area in the afternoons when laying
and incubating hens returned to waiting areas.

The validity of enumerating the grouped drake
component, prior to the main hatching peak, with

the recordec pair and lone male components as
indicative of the breeding pair population, was
substantiate€ by the seasonal censuses. Indicated
breeding pc~ulations, taken from an enumeration
of the pair, Iope drake, and grouped drake com-
ponents befoze the hatching peak, were consistent
and varied Detween 182 and 212 pairs (Table
8a). After =z peak of hatching between May 21
and 24, the number of indicated pairs based on
grouped dreke counts rose and there was no way
in which resident grouped males and transient
males which had left their breeding home ranges
elsewhere comld be differentiated. A marked in-
flux of grouoed males in aggregations of over 5
and up to 20 was noted after May 31. Such
postbreeding ageregations of drakes and hens
were recorded until the end of June.

From the present ‘data and complementary
data on mz-Xed pairs, I concluded that drake
mallards co—zregated while their bens were in
the last stac=s of laying or in the first stages of
incubation. Fusther, they remained on the breed-
ing grounds. although not necessarily on the
waiting site. until the second or third week of
incubation ( Grst pesting only). Small aggrega-
tions of ma’=s were associated with the waning
of the drak=—hen pair bond primarly throug
the incubatico period. ‘

Because scme pairs continued to repest through
June, the iz-dicated population, after the first
influx of posibreeding groups on May 31, was
considered to include the pairs, Jone drakes, and
only those g=oups of males five or less in number.
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Observations of marked drakes from pairs nest-
ing for the first fime bad indicated that mated
males rarely congregated into groups of five or
more before their hens were in the third or fourth
week of incubation. Therefore, an arbitrary divi-
sion was made to include only groups of five or
Jess after the hatching peak. A similar decision
was made by Jessen, Lindmeier, and Farmes
(1964) and by Hammond (1966).

The Jone female component made up less than
3 per cent of the total indicated pair count for
all May censuses, i.e., rarely were more than two
lone hens recorded per species per census. A few
more lone hens were recorded in June afier
drzkes had abandoned their home ranges and
jeft the study area, but the maximum pumber
poted during one census was five pintail. Only
five lone mallard hens were recorded, one from
each census from May 3 to 31. Smith (1956:
36) reporied that lone hens of each species
made up less than 4 per cent of the populations
on four Alberta study areas. At Kindersley the
first .small postbreeding groupings of predomi-
nantly hens were recorded by June 12. They
were usually associated with a pumber of males.
Small fiocks of hens from 3 to 38 were perodi-
cally noted in the district during the first 2 weeks
of July. I assumed these were hens that had Jost
renest clutches or abandoned nearly flying young
and were retiring to the moulting Jakes.

Seasonal sex ratios of mallards recorded on
the study area showed a progressive increase in
the percentage of drakes, as absences by laying
and incubating hens reduced the proportion of
visible hens. Ten days after the hatching peak,
90 per cent of the population was made up of
drakes. Thcréafter, a downward irend in per-
centage of drakes-was poted as more drakes Jeft
the breeding grounds and postbreeding groups
of bens moved into the region. By examination
of sex ratio data from census and a2 comparison
with prebreeding sex ratios, time of laying and
incubation can be deduced. The first appearance
of lone drakes, i.e., when Jone drakes compose
over 10 per cent of the indicated pairs, is in-
variably a good indicator of start of laying by
hens, while the first appearance of groups of
two or three drakes indicates start of incubation.
Pintail
The sezsonal changes in population components
paralleled these of mallards (Tzable 8b). Lone
drakes made up a small proporiion of the pre-

breeding population prior to April 12, the start
of laying, but the number grew as more nests
were ipitiated. Grouping of males was most
evident as soon as incubation started, although
prebreeding association between mated and un-
mated males is much more common in this
species than in mallards (Smith, 1963). A major
difference between the two species 1s the frequent
association of pintail drakes with pairs after April
19, i.e., in groups of three or more males and one
hen. These were primarily composed of males har-
assing females; iemporarily on ponds, in attempted
rape fiights. No pintail pairs were recorded
after June 6, indicating an earlier abandonment
of bome ranges by renesting individuals than
by mallards. As with mellards, a major influx
of postbreeding grouped males was noted after
May 24. The indicated breeding population based
on pairs, Jone males, and grouped males from
April 24 ‘to May 21 inclusive (the optimum
census interval) varied between 150 and 181 pairs.

The percentage of drakes in the breeding
population increased to 88 per cent 10 days after
the peak of bhatching, but did not decrease
through Jupe, as in mallards, as no postbreeding
groups of hens moved into the area.

Widgeon

The indicated breeding pair population was com-
posed of pair and Jope drakes for the greatest
portion of the breeding season (Table 8c, Fig-
ure 3). The Jack of the grouped male category,
until after the hatching peak, reflects the stronger
pair bond and site attachment in this species than
in mallards and pintails.

Two to seven Jone drakes were observed on
each census pror to the start of egg laving on
May 8, and a group of three unmated males was
recorded only once on April 12. Lone drakes be-
came more common after May 10 with the peak
of laying reached between May 16 and 20. Sex
ratios became progressively weighted to males as
more hens started laying and initiated incubation.
The percentage of drakes reached a maximum of
83 per cent some 10 days after the haiching peak.
Few males apparently remained on the study area
for more than a week after the hatching period.
There was also no major influx of grouped wid-
geon drakes into the area as was recorded jor
mallards apnd pintails.

Shoveler

Most shovelers were observed as either pairs or

jone drakes until midway through the incubation
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(Table 8d). Eight Jone males were ob-
on May 3, the first indication of laying in
cies. Groups of males were first recorded
; 24, 2.5 weeks before the hatching peak.
rcentzge of males increased after May 10,
ched & maximum of 95 per cent after the
¢ peak.
1
asonal population components are similar
e of widgeon. Only ope Jone male was
:d on each count taken prior to May 21
after the first laying commenced, about
the number of lone males steadily in-
(Table 8e). Grouped males were not
:d in morning counts until just before the
¢ peak, again indicating 2 strong pair bond
le attachment in this species. However,
neck-banded males were observed to
te with other males, for varying periods
day, during the third and fourth week of
Jon. Sex ratios in favour of drakes in-
I after Jaying started and peaked at 90 per
ales, 7 days after the batching peak. No
nfiux of postbreeding grouped males was
:d in June.
inged 1eal
ur and lone drake component made up the
t proportion of the indicated pair popula-
atil the hatching peak (Table 8f). Seven
of males, primanly of two, were noted 10
efore the hatching peak. The first nest was
:d on May 12 and only one group of two
was observed on May 21. Four aggregated
were seen on May 31. These may have
ssociations of mated and unmated drakes
:nmated drakes only. As with other species
rcentage of males censused in the popula-
rogressively increased until a high of 89
1t males was noted on June 6, 10 days be-
e hatching peak.

S
6,

um census periods
] 1958 counts, plotiings of weekly, indi-
»air populations show wide seasonal varia-
(Fig. 4). Most dabbler species showed an
creasing number of pairs in residence until
minning of nesting, when a relatively stable
™ of pair pumbers occurred. This plateau
correlated with the initiation of Jaying and
s for 3 to 4 weeks while other hens start
and incubating. Optimum census penods
early nesiers, maliard and pintail, over-
with the iniermediate nesters, widgeon and

Flire

vhhhilin

bt 1\.!1%

Sezsonal indicated pair numbers of six
dabbler species. (Noie the differences in opfimum census
periods refiecting variafions in time of nesfing.)

Figure 4

shoveler, but did not overlap with the Jate nesters,
gadwall and blue-winged teal (Fig. 4). For the
1958 breeding season the optimum census period
was April 24 to May 21 for early nesters, May 10
to June 6 for intermediate nesters, and May 24
to June 12 for late pesters.

The optimum census periods can be a week
earlier or 2 weeks Jater than dates given above
because of yearly variations in spring break-up,
migration of species, and dates of nest initiation.
Late April cold periods affect migration and

A



nest-initiation dates and may lead to double peaks
of hatching in Jate May and early June. Adequate
censuses during such vears are extremely difficult
as mallard and pintail drakes from early nestings
have abandoned home ranges when late nestings
are only being initiated.

Estimates based on differenf components

Various authors (Hochbaum, 1944; Sowls, 1947;
Williams, 1948; Smith and Hawkins, 1948; and
others) have recommended that only the drake
and pair components of a censused population
e considered indicated breeding pairs. At Kin-
dersley, a wide discrepancy 1D pair estimates
occurred with two species, mallard and pintail,
if only these two components were considered
(Table 9). A comparison of indicated pair pop-
ulations of mallards and pintails taken from a
single count on May 10 with a mean sex-ratio
corrected population (cf. Methods section) taken
from five counts suggested that by enumerating
Jone males and pairs only 52 per cent of the
estimated breeding population of mallards and
54 per cent of the pintail pairs were assessed.

Chronology of nesting markedly affects the com-
ponent parts. During the optimum census period,
mallard lone drakes plus pairs made up 158 of
the 182 (or 87 per cent) indicated pairs counted
on April 24, but had dropped to only 101 of the
212 (or 48 per cent) indicated pairs noted
on May 21 (Table 8a). The pintail Jone drake
plus pair components made up 135 of the 174
(or 78 per cent) indicated pairs on April 24,
but had dropped to 76 of.150 (51 per cent)
indicated pairs on May 21 (Table 8b).
Breeding population estimates of other dabbler
species show less distortion when only pair and
lone drake components are considered because
few drakes (primarily unmated ones) zssociate
with each other until after mid-incubation. How-
ever, at Kindersley, population levels of all other
dabbler species, viz., widgeon, shoveler, gadwall,

~ and blue-winged teal, were considerably lower

than those recorded for mallard and pintail.
Where pair populations occur at densities in
excess of five pairs per square mile (Table 5)
drakes may associate much earlier in the incuba-

TABLE 9 Comparison of 1958 Kindersley census results utilizing various population compopents and sex
ratio correction factors
Blue-
winged
Mallard Pintail Widgeon Shoveler Gadwall teal
Census date in May 10 10 21 21 3] 31
A.
Indicated breeding population from
counts including pairs and lone drakes
only. 90 81 55 40 24 30
Per cent of estimate D using two
components, pairs and !one drakes (52) (54) (134) (138) (56) (111)
B.
Indicated breeding population from
counts including pairs, lone males,
grouped males, GFAC, and ARF 191 161 55 40 24 34
C
Mean indicated breeding population
from five census dates (Table 12) 194 168 44 34 28 32
959 confidence inierval +12.9 +13.5 +12 .4 +4.6 +7.0 +10.2
D,
Mean sex ratio corrected population
173 149 41 29 285 27

from C and Tzble 3
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tion period into small groups of two’s and three's.
Such groups should be enumerated as indicated
pairs, and the sex-ratio correction factor applied
to delete any groups of unmated males.
Daily change in populafion components

By hourly observation, 1_established_that_varia-
tions occur in component parts of a_population
breeding _around a 'sin_é_]ic:_ pc_Jn'd. Censuses con-
ducted during five intervals of the day also
showed this variation (Table 10). Counts of
indicated mallard pairs conducted afier 0530
hours show pairs making up but obne-quarter
of the population whereas comparable counts
started at 0800 hours show 46 per cent pairs,
at 1300 hours 57 per cent pairs, at 1530 hours
63 per cent pairs, and at 1800 hours 69 per
cent pairs (Table 10). On May 16, only 18
mallard pairs were recorded on the 0530 hour
count while 42 were noted on the 0800 hour
count. I concluded that most pairs were visiting
nesting cover or feeding on upland grain fields
in the early morning and were not seen on ponds.
Other observations on general daily activity of
pairs confirmed this view. At 0530 hours when
many hens would be laying, the lone drake com-
ponent of the population was 30 per cent. It
decreased from 23 per cent at the 0800 hour
count to 18 per cent at both 1300 and 1530
hours and was only 15 per cent at the 1800
hour count. As the counts were taken be-
tween May 11 and 16, when many of the hens

were either Jaying or incubating, I concluded
that there is 2 simple change of component parts
from lope drakes and grouped drakes to pairs
progressively throughout the day as more hens
return to waiting sites from laying and as more
hens take their recesses from incubation in late
afiernoons. ;

Mallard hens lay most of their eggs during
the morning (Bochbaum, 1944; Sowls, 1955;
Dzubin, MS.). The time spent on the nest per
egg 1s highly vanable between successive eggs
and among hens. The shortest time 1 recorded
was 2 hours 3 minutes on the nest, while the
Jongest was 13 hours & minutes. A few hens
may also fly to nest sites in evening and remain
on the nest overnight. Incubating hens also vary
in the times recesses are taken, but most take an
afternoon rest period. Peak recess times occur-
red between 0300 and 0600 hours and 1500 and .
1900 hours (Dzubin MS.). The average length
of morning recesses in May was about 47 minutes,
(N = 71) while late afternoon recess lengths
averaged 89 minutes (N = 200).

After leaving the nest, a laying mallard hen
flies to the waiting area of her drake. Hens in
early and pud-incubation periods, i.e., up to
18 days, also continue to fly to the activity centre
of the home range and rejoin the drake. The
exact date drakes leave hens and abandon home
ranges vanes with the individual pair (McKinney,
1965) and with the phepnology of the season.

TABLE 10 Changes in five population components of mallards at five different periods on single days
during Jaying and early incubation, Kindersley Study Area, 1959

0800 hours

1300 hours 1800 hours

Lone Grp. Lone Grp.

Prs. . 8 3<5 Q birds Prs,

Lone Grp. Lone Grp. ILone Grp. Lone Grp.
3 g<5 ©  birds Prs. 3 8<5 Q  birds

Meay 11 61 53 53 1 9:0 80 35 52 98 35 45
May 15 42 44 61 4:1 55 45 58 5:1 53 33 28 1
May 16 42 44 66 50 37 56 67 29 19 2
Total 145 141 180 1 14 185 7 45 166 0 6 218 97 92 3
% 211 birds 46 23 29 2 2 56 18 25 1 69 5 15 5
Rzauo 100: 97, 124 7z 10 100: 63: . 90: 3 100:  44: 42: 1
0530 hours 1530 hours
Lone Grp. Lone Grp. Lone Grp. Lone Grp.

Prs. 3 g<5 Q  birds Prs. 2 - lg=Ss ©  birds
May 16 18 42 64 73 41 44
. &l birds 25 30 45 63 18 19
Rztio 100: 233: 356 J00:- 56; | 60
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During recesses, after mid-incubation, hens may
pot return to the activity centre to rejoin the
drake but may take recesses elsewhere on the
home range. The pair bond may be completely
broken at this time. Hens feed alone or, uncom-
monly, join other hens on recess.

Censuses conducted in the morning, when
most hens were laying or incubating, showed a
greater preponderance of Jone males and grouped
males than those taken in the afternoon and
evening. As a greater proportion of hens siart
to incubate, fewer pairs will be observed In
morning counts while Jate afiernoon and evening
counts will again show a greater percentage of
peirs, refiecting the re-establishment of pair bonds
by incubating hens with their waiting drakes.

A comparison of ratios of pairs:Jone drakes:
grouped drakes showed some major changes
through the day. Counts made after 0530 hours
showed the greatest proportion of grouped drakes

with progressively fewer noted at 0800, 1300,

and 1530 hours (Table 10). The Jowest per-
centage of grouped drakes was noted in the
1800-hour count. Drake aggregations tend to
disperse in Jate afternoon when incubating hens
take their recesses. Drakes return to waiting area
sites periodically throughout the day but are
more commonly seen as Jone drakes in late
afternoon hours. The ratio of pairs to lone
drakes to grouped drakes poted from periodic
counts taken through the day can be used to
crudely determine percentages of population lay-
ing and incubating. Since the time Jaying hens
spend on nests varies and since mallard hens
have one or two recesses a day, precise numbers
of hens in each reproductive stage cannot be
_accurately determined frbm pair to drake ratios.
Bowever, proportions of pairs observed in the
0800- to 1200-hour interval when compared
to the 1200- to 1530-hour interval can be used
as an index to pairs laying, as most hens lay eggs
efore noon. In meorning counts a Jarge propor-
tion of lone drakes, of the total indicated pop-
ulation, is good evidence of the early laying
period for their hems. Associations of two or
three drakes may denote Jate laying and early
incubation period while groupings of four, five,
or more drakes suggest mid- to Jate incubation
or postbreeding periods. The use of changes in
component paris would become more com-
plicated in areas where high npest Josses Jed to

enumeration of many renesting pairs throughout
t}iga)*.\}The scasonal changes in component
parts as assessed from comparable morning
counts have been previously shown for mallards
(Table 8a and Fig.-3) and other species (Tables
8b to 8f). Daily and scasonal changes in popula-
tion components of mallards and pintails were
similar in that drakes jorm associations with
other drakes during the laying and early incuba-
tion periods, while other dabbler mazles do not
show the same degree of association until later
in the incubation period. Under the low densities
studied most widgeon, shoveler, gadwall, and
bluc-winged teal drakes were enumerated as lone
males until 7 to 10 days before the bhatching
period.

Sezsonal variability of walking and vehicle census

- Walking census

Population estimates of six species taken from a
senies of four or five walking censuses showed
wide variability between each count (Table 11).
All estimates were made at a period when the
greatest proportion of the mallard and pintail
population was known to be in the prebreeding
(i.e., pairs spaced and showing activity localiza-
tion) or breeding period with the remaining
species in the migration (i.e., pairs grouped) and
postmigration (i.e., pairs spaced but not showing
activity Jocalization) period. Estimates of the in-
dicated breeding population of mallards on the
Kindersley Study Area were the most consistent,
showing a coefficient of varjability of 4.8 per cent
while shoveler estimates were Jeast consistent
with a coefficient of vanability of 31 per cent. It
should be recognized that consistency need not
refiect constancy of population or accuracy of
counts. A balance beiween egress and ingress on
the-area may be occurnng, with the same pairs
not being enumerated during each count if turm-
over is constant. Balanced turnover rates would
occur rarely. Biases may also be consistent.
For a breeding duck census period, five condiz_
tions are desirable: (1) that the population is
resident and not migrating; (2) that no pairs

move into the area during the census interval; ; i

(3) that approximately the same number of birds
are flushed and duplicate counts are minimal;
(4) that there i1s no influx of mated or unmated
Jone drakes onte the study area; (5) that mortal-
ity is not removing part of the population during
the census period. Assumption (1) was invahd
for all species except maliard and possibly pintail.
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Table 11 Mean populafion estimates of six dab-
bler species from five census periods in
1956. Kindersley Study Area. Walking
census: (1530-1100 hours

TABLE 12 Mean population estimafes of six
dabbler species from five census peri-
ods in 1958. Kindersley Study Area.
Vehicle census: 0800-1130 hours

Early nesters

Early nesters

Mallard Pintail Maliard Pintail
Census Indicated Census Indicated Census Indicated Census Indicated
date population date, population date populaton Gate population
5/3 265 5/3 278 4/24 182 4/24 174
5/14 274 5/14 193 4/29 187 4 /29 172
S{15 264 5/15 200 5/3 198 5/3 18]
5/16 298 5/16 202 3/10 191 5/10 161
5/21 289 5/21 194 572 212 5/21 150
Mean 278.0+16.7* Mean 213.4+40.3 Mean 194.0+12.9* Mean 167.6+13.5
Stand. Error 6.0 Stand. Error 14.5 Stand. Error 4.7 _Stand. Error 4.9
Coef. Var. 4.8% Coef. Var. 15.29%, Coef. Var. 5.49, Coef. Var. 6.5%
Intermediate nesters Intermediaie nesters
Widgeon Shoveler Widgeon Shoveler
Census Indicated Census Indicated Census Indicated Census Indicated
date population date popuiation date ¢ population date population
514 88 5/14 35 5/10 35 5/10 35
5/15 75 5/15 3] 5/21 55 5/21 40
5/16 71 5/16 25 5/24 56 5/24 35
5/21 78 5/21 33 5/31 4] 5/31 30
5/28 95 5/28 58 6/6 32 6/6 30
Mean 81.44+10.9 Mean 36.4+14.0 Mean 43.8+12.4 Mean 34.0+4.6
Stand. Error 3.9 Stand. Error 5.1 Stand. Error 4.5 Stand. Error 1.7
Coef. Var. 10.8% Coef. Var. 31.0% Coef. Var. 22.8% Coef. Var. 11.0%
Late nesters Late nesters
Gadwall Blue-winged teal Gadwall Blue-winged teal
Census Indicated Census Indicated Census Indicated Census Indicated
date population date population date population date population
516 49 5/21 42 5/21 23
5/21 ¢ 4] 5/21 45 5/24 26 5/24 35
5/28 © 50 5/28 51 5/31 24 5/31 34
6/4 46 6/4 39 6/6 27 6/6 44
6/11 55 6/11 49 6/12 21 6/12 22
Mean 48.245.7 Mean 46.0+10.3 Mean 28.0+7.0 Mean 31.6+10.2
Stand. Error 211 Siand. Error 3.3 Stand. Error 2.5 Stand. Error 3.7
Coef. Var. 9.6% Coef. Var. 10.0% Coef. Var. 20.39%, Coef. Var. 26.0%,

*959% confidence inierval.

There was no way of assessing assumption (2),
but perusal of the data suggested that a portion
of the pintails enumerated on May 3 and the
shovelers on May 28 were migrants, as the in-
dicated population showed peaks at this time.
These peaks tended to increase the variances.
Furthermore, mobility and home range size of
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*85% confidence inierval

pintails, their lack of strong site attachment
and their erratic long-distance wanderings could
bave posed a sampling error. There is, however,
some consistency of estimates for the mallard,
pintail, widgeon, and shoveler taken on 3 succes-
sive days. The Jow densities of widgeon, shoveler,
gadwall, and blue-winged teal on the 10.5-square-
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TABLE 13 Census of six dabbler species on 3 days of the same week, Kindersley Study Areca, 1959

Indicated populations from ground count

Blue-
CsST winged Total
hours Mallard Pintail Widgeon Shoveler Gadwall teal population
May 11 0800 176 58 52 24 21 5 340
. 1300 167 4] 42 33 29 9 321
1800 178 45 47 30 18 7 325
May 15 0800 151 47 37 27 16 23 301
1300 163 30 37 35 23 17 305
1800 114 30 3 31 20 20 246
May 16 0530 124 33 28 23 16 20 244
0800 152 48 32 20 17 16 285
1300 143 45 39 35 25 26 313
1530 158 58 36 33 18 24 328
1800 115 3] 32 36 18 31 263
Number counts 11 11 11 11 11 1]
Mean 149.2 42.5 37.5 29.7 20.1 18.4
959, conf. int. +14.6 6.8 +4.6 3.5 +2.6 +4.7
Stand. error 6.57 3.0 2.07 1.57 1.18 2.13
Coef. var.9},’ 14.6 237 18.3 17.5 9.5 38.3
May 15 and 16 only—0800, 1300, 1530 hours only
Number counts 5 3 5 5 5 5
Mean 153.4 45.8 36.2 30.0 19.8 242
959% conf. int. + 7.3 st e +2.9 *7.2 +4.4 +4.9
Stand. error 2:62 4.15 1.04 2.59 1.59 | 57
Coef. var. 9, 3.8 20.3 6.4 1893 17.9 18.8

mile block may have also affected the variability.
Under Jow densities Home ranges may be larger.
There might be more pairs with home ranges
partly off the study area Jeading to greater vari-
ability of counts.

Vehicle census

In 1958, pair counts showed increased precision
of estimates for pintail and shoveler but decreased
precision of estimates for widgeon, gadwall, and
blue-winged teal (Table 12). The coefiicient of
variability was almost the same in mallards for
the iwo counting methods, viz., 4.8 per cent for

counts. As the same population was not sampled
and a 2-vear span separated the two senes of
counts, the data were inconclusive as to what

method of census showed the Jeast varation.
Other sources of sampling error may tend to
Increase variability, masking any differences at-
tributable to the two methods. Factors such as
water and vegetation condition, population level,
and phase of breeding season were pot weighed
and they may colour any valid conclusions. Be-
cause fewer birds were flushed by the vehicle,
one might expect higher raies of precision with
this method. The 1958 estimates {rom vehicle
counts for mallards and pintails showed marked
consistencies of pair estimates for the Aprl 24
to May 21 interval. The Gata for these two species
tended to substantiate the view that each popula-
tion reaches a plateau of numbers for a2 3- io
4-week penod every vear. Again, Jow densities
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of the other four species may have affected
variability as there was little consisiency among
counts.

Time of day and variability of estimates

In 1959, population estimates from 11 vehicle
counts taken on 3 days of 1 week showed wide
variation (Table 13, middle). The coefbcient of
variability was Jowest for mallards, 14.6 per cent,
and highest for blue-winged teal, 38.3 per cent.
Five mid-day counts arbitrarily chosen from
censuses taken after 0800, 1300, and 1530 hours
showed Jower coefficients of varability for all
species except shoveler, when compared to the
variation of the 11 counts (Tazble 13, bottom). I
observed that pairs left the census ponds in early
morning to fly to nesting cover. Many were not
on ponds during the census period. In the evening
and to a Jesser extent in the morning, a number of
mallard, pintail, and widgeon pairs fed in grain-
stubble fields and were again not available on
ponds for census. Therefore, estimates made from
counts between 0800 and 1530 hours were prob-

@senta’tmrﬂ)e absolute breeding

population than estimates made before or after
these_times._Populabion estimaies of blue-winged
teal were Jow for May 11 but much higher on
May 15 and 16, indicating an influx of birds in
this interval. Such migratory influxes paturally in-
crease variance of estimates. For all species except
mallard and pintail, the wide variation in counts
taken after 0800, 1300, and 1530 hours suggested
that all counted pairs were not resident or were
nonbreeders with no firm site attachments, moving
on and off the study block at various periods of
the day apd over the 5-day period.

An analysis of variance of dabbler counts for
0800, 1300, and 1800 hours of 3 days in 1959
showed that there was a significant difierence
(p = < .01) in the variances of shoveler and
cadwall estimates (Table 14). There was no dif-
ference existing between the variances of the
morning, mid-day and late afiernoon pair esti-
maies of mallard, pintail, widgeon, and blue-
winged teal. Even so, the test can be biolegically
misinterpreted since field observations showed
that mallards and pintails, especially, are prone
to Jeave ponds after 1800 hours and be found in
wheat-siubble felds. Replication of counts over a
Jonger penod would better corroborate whether
time of day has an imfuence on countableness.
On two days, May 15 and 16, counts of mallards
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TABLE 14 Analysis of variafion of dabbler
counts faken at three difierent fime

infervals, 0800, 1300, and 1800
hours, on 3 days. Data from

Table 13
Degrees Sum

Source of of of Mean F
variation freedom  sguares square Value
Mazliard
Total 8 2485

Time 2 1064 532

Error 6 1421 236.8 WS
Piptail

Total 8 744

Time 2 408 204

Error 6 336 56.0 3.64*
Widgeon

Total 8 703 .
Time 2 412 206

Error 6 29] 48.5 4.24*
Shoveler

Total 8 290

Time . 2 241 20.5

Error 6 49 8.2 14.75%
Gadwall

Total 8 180

Time 2 144 72

Error 6 36 6.0 12.007
Blue-winged teal

Total 8 1080

Time 2 548 274

Error 6 532 88.7 3.09*

For 2 and 6 d.f. Fos=5.14, Fp; =10.92.
*The null hypothesis that no significant difference exists be-
tween time means of different time periods is accepied at .05

Jevel.
iThe null hypothesis that no significant difference exists be-

tween time means of difierent time periods is rejected at .01
Jevel.

and pintails started at 1800 hours were Jower
than mid-day counts. The May 11 counts do not
show this decrease but point out the need for
further extensive series of replicate daily and
hourly counts. The present data are too few for
vahd conclusions.

Counts should be conducted at times when
pairs of all species are most regularly found on
ponds and not in nesting cover or fields, ie.,
between 0800 a2nd 1800 hours. Other supporting
datz show that wind velocity generally increased
in the afternoons. Also, more Jaying and incubat-
ing bens jeft cluiches and returned to waiting sites
after the noon hour. The return of hens on recess

P Vars

to ponds invariably led to increased pair contacts,
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chases, and mobility. For these reasons counts Y

mxo}n oencr be resmcted to the 0800- 10 1200-
hour interval when pairs and ‘drakes are Jeast
mobile and mosl hkely to be found on ponds.
Pond numbers and brecding pair populations
Discussions of the correlation between spring mal-
jard breeding populations and May or July pond
numbers have been presented by a number of
authors (Evans and Black, 1956; Belirose, Scott,
Hawkins, and Low, 1961; Salyer, 1962; Lynch,
Evans, and Conover, 1963; Cnssey, 1963a,
1963b, 1969; Drewien, 1967). Evans and Black
(1956), Drewien (1967), and Belirose er al.
(1961) show strong positive correlations between
May pond numbers and breeding populations of
blue-winged teal and mallards, while Cmssey
(1968) has shown a significant correlation be-
tween July pond numbers and number of young
mallards produced, and also the subsequent spring
breeding population. I have pointed out that sup-
plementary data on pond quality, size, and den-
sities should also be considered in any such
correlation attempts (Dzubin, 1969). Little is
vet known of the effects of social interactions of
duck pairs in limiting breeding population levels
or whether “saturation points” of waterfowl oc-
cupancy are yearly reached or exceeded on habi-
tat vnits in which water Jevels and pond numbers
are constantly changing. Over-harvests of Jocal
populations (Moyle, 1964) and shifts in popula-
tions from one waterfow] stratum to another be-
cause of droughts (Lynch, 1949; Crissey, 1957)
tend to make inferences from yearly pond-pair
correlations difficult. Also, much of the fluctua-
tion in pond numbers revolves about filling and
dryving of small transient potholes, with the larger,
deeper ponfls generally holding some water
through each summer or until major droughts
occur (Dzubin, unpublished). For example, Smith
(1949) recorded a 77 per cent decrease in pond
numbers in the Alberta parklands in 1949 but a
59 per cent increase in duck populations, indicat-
ing that ponds, perhaps the Jarger, deeper pot-
holes, had not vet reached critical Jevels of
occupancy. A number of smaller ponds may in
fact be superfluous to some basic number of Jarge,
deep ponds required by pairs in any breeding
home range.

Direct counts of indicated breeding pairs
utilizing the 10.5-square-mile Kindersley Study
Arez from 1956 through 1967 show a trend
downward from 1957 to 1963 and a partial

recovery thereafter (Table 15). Comparable
counts were made only once during each season
at the optimum census period jor mallards and
pintails and therefore the data presented do not
lend themselves to particular consideration of
flucivations of other species. From brood surveys
1 calculated that preduction of young mallards in
any of the four summers, 1956 through 1959,
was pot sufficient to balance annual monality.
In a2 siudy of mortality of flightless young mal-
lards, banded throughout the Kindersley district
from 1954 1o 1959, Gollop (1965) showed a
loss of 32 per cent of young from 3 to 7 weeks
of age. For flying young an average mortality of
61 per cent was calculated for the year following
September 1. Mean annual adult monality was 47
per cent. Assuming that the 1956 adult and im-
mature segments were subject to these mortality
rates, there should have been a marked reduction
in the returning population in the spring of 1957.
Yet breeding populations in 1957 rose markedly
over those in 1956. 1 concluded that in 1957
mallard and pintail pairs moved onto the study
area from the surrounding drought-stricken re-
gions. Thereafter all pair populatnions continued
to decrease 1o a Jow about 1963. These decreases
probably refiected low production rates and their
subsequent effects on spring adult populations
homing to the area. Also poor May pond quality,
1.e. Jow water levels and extensive mud flats, may
have deterred settling of pairs and led to their
emigration northward. If production of young
was Jow and if hunting and natural mortality
yearly reduced the adult component, the popula-
tion traditionally homing to the area would be
quickly reduced. The study area was completely
dry on July 25, 1963, except for a one-quarter-
acre, spring-fed pond, and few young of any
species were successfully fledged that year. Since
1964 there has been a vearly recovery of the
breeding populations of all species, associated
with higher May pond numbers, a greater pond
acrcage, a Jonger, total shore-line distance, and
higher July pond numbers for broods. The popu-
lation may have also expenenced higher survival,
or pond quality so improved that it attracted
pioneering pairs (cf. Hochbaum, 1946). A Jack

of adequate supporting data on habijtat require-

ments of cach _species, young produced \Lar])T
]’Juﬂ)ll’l" rates, exient of nonbreeding, and spatial
fe;aonnCHlps of pairs precludes any_knowledge-
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TABLE 15 Yearly trends of indicafed breeding populafions of dabblers and ponds from mid-May
ground counts, Kindersley Study Area, 1956 to 1967

1956° 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
May date 14 13 10 15 1] 10 17 15 10 14 14 20
Mallard 274 401 191 151 69 63 54 ] 40 39 91 129
Piniail 193 315 161 47 37 40 40 1 15 60 132 139
Wideeon 75 80 35 37 34 33 19 6 12 23 39 57
Shoveler 3] 59 35 27 20 5 12 20 16 32 50 51
Gadwall 63 38 25 16 17 8 13 8 14 16 26 50
Blue-winged teal 29 91 3] 23 13 7 8 3 8 18 18 13
Green-winged teal 16 8 29 8 - 24 11 E 5 1] 11 7

Total indicated pairs 681 992 - 507 " 306

194, 180 . 157 96 114 199 373 446

Number of ponds on

-

30 33 35 11 17 59 51 49

162 158 174 820 1S | 6l8 B30 .5l

45, a8, S As. |0, 99, 54,

census date 81 43 29 22
Total pond acreage 609 479 0 227 155
Total pond shore line

feet X 103 18; | 8L~ ~58% 30,
Number of ponds,

June 1 64 14 20 13
Number of ponds,

July 1 49 7 8 <

15 21* . 26 8 9 49 42 43

8 {4 4 3 38 30 24

* After 1961, estimated from May water depths, expected Joss to July and general observations August 1-15.
Note: Estimates accurate for mallards and pintails only, but show general trends for other species.

able discussion of correlations between pond
and breeding pair pumbers.

A comparison of the number of May and July
ponds with mallard and pintail populations from
1956 through 1967 again showed yearly decreases
after 1957 10 1963 and 1964, and an immediate
recovery afler 1964 (Fig. 5). The yearly de-
creases from 1957 to 1959 were associated with
decreasing May and July pond numbers. There-
after, the recovery was associated with increases
in both May and July pond numbers. Increasing
numbers of pioneering pairs and higher produc-
tion rates possibly led to increased numbers of
pairs breeding in 1965 through 1967. Pintail
populations dropped faster than mallard popula-
tions from 1957 to 1960 but recovered faster
from 1964 to 1967. Neither species showed an
increase in breeding populations from 1959 to
1962 in spite of a slight increase in May and
Tuly pond pumbers in these vears.

From 1964 through 1967, ] observed that pin-
tails and shovelers showed a marked propensity
206

toward using newly flooded _depressions. This
attribute may be a characteristic of species with
sm‘g——-’ Qlonemdcncxgs and wcaker hom'mg
tendencies (Sowls, 1955). Smith (1949) has also
commented on the population shifts of these two
species. In Alberta, where there was a grassland
drought in 1949, he noted that pintails and
shovelers showed the greatest individual popula-
tion Josses after 1948, indicating a movement
elsewhere. Lynch (1949) reported a major shift
of pintails from drought-stricken Saskatchewan
grzsslands to areas beyond the parklands, even
though mallards, widgeon, and blue-winged teal
moved into the better watered parkland. Pintails
and shovelers may have evolved in habijtats con-
taining ephemeral ponds. Any predisposition to
quickly shift breeding grounds to better watered
areas may hold some adaptive significance, espe-
cially where it fosiers brood survival. If these two
Me\o]ved in relatively unstable en-
vironments, emigration ma) be a major density
TCUU)aIOI'Y mechanism whercas in mallards and
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Figure 5 May-July pond numbers and vearly mallz=< ind pintail pair populations, 1956 to 1967. (Nofe that pintail
numbers decreased more sharply than mz"=d pumbers from 1957 to 1959 but increased more rapidly

from 1964 to 1967.)

perhaps blue-winged teal, self-regulatory mech=
nisms concerned with density efiects on repre-
ductive rates or béhavioural spacing mechanisms
controlling ~density may be more promine=
(Dzubin, 1969).

_Duck census fechniques

{Spring and summer duck population estimatec
whether, based on direct air or ground counz
remain 7elatively inexact. Even more inexact =
the accurate assessment of absolute seasonz
populations of pairs attempting to breed in =
stratum, along a transect, or on a sample block

It is generally_conceded that counts of absoluz

numbers of birds breeding in a particular habitz
“are not feasible, and ‘therefore workers are forcel
1o ésfimate populations on the basis of varous
sa*nplmv probedures The early works of Nicho-

son (]93]) L°opo]d (]933) Lack (1037) an;

inharcnt in conduamg c:nsmes, mu]e TNOr:
recent reviews by Fisher (1954) and Davis

(1963) discussed sampling problems of varjous
population esiimate methods and the assumptions
on which census techniques are based. The fok

B e e

Jowing discussion covers some of the difficulties
inherent in any dabbler duck population deter-
minations.

Moore (1955) described many of the problems
involved in using strip-transect methods for esti-
mating upland game birds. A number of these
were discussed by Stewart er al. (1958) and Diem
and Lu (1960) for transect counts of waterfowl.
Yapp (1956) discussed the theory of line transect
counts and suggested that the number of animals
a census iaker would see, walking at a consiant
speed over 2 straight-line course, depended on
(1) the depsity and speed of the animal, (2) the
walking speed of the census taker, and (3) the
efiective distance of recognition or visibility. Skel-
lam (1958) guestioned the method because of
inexact derivation of the average speed of the
animal and its relationship to the speed of the
observer. Many of the problems involved in ob-
taining increasingly accurate and reliable passerine
bird estimates have been examined by Tavlor
(1965) and Snow (1965) and apply equally well
10 census of many other bird groups. Sezsonal
replication of counts and intimate knowledge of
species ecology and behaviour tend to make
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census techniques more valuable in construction
of valid population indices.

Many of the techniques used for ground and
aerial census of waterfow] in spring and fall
have been summarized for Europe by Isakov
(1961, 196€3), Formosov and Isakov (1963),
Matthews (1960), Tamisier (1965), and Gren-
guist (1965) and for North America by Smith
(1956), Crissey (1957), Stewart, Geis and
Evans (1958), Diem and Lu (1960), Smith
(1964), and Hammond (1966). Population es-
timates have been calculated by using marked
to unmarked ratios for ducks by Lincoln (1930),
for geese by Maclnnis (1964, 1966) and Fisher
(1954), and for immature ducks by Cowardin
and Higgens-(1967). Photographic methods of
estimating number and density of birds were
presented by Chattin - (1952), Cowardin and
Ashe (1965), and Van Tets (1966). ’

Recent fluctuations in absolute numbers of
the continental mallard population, their yearly
production of young, and correlations of pro-
duction ratios and number of July ponds were
discussed by Crissey (1969). Continental trends
of all duck species from 1955 to 1966, based
on breeding population indices from aerial
counts, were given in Martinson and Henry
(1966: USBSFW unpublished Administrative
Report 119, 10 p.).

Components counfed as indicafed pairs: a review

Estimates of abundance of waterfow] breeding
pairs in various North Amerncan habitats have
been based on a variety of population compo-
nents. There has been a remarkable Jack of
standardization as to categories of each species
censused. Difigrences of census technique have
refiected objectives of the census—whether year-
ly trends, indices, €stimates, or absolute numbers
were desired. Comparing results of studies based
on different components with variable errors of
estimation 1s, at best, difficult.

Counts of Jone drakes on waiting sites as
relisble indicators of breeding pairs of blue-
winged teal was first proposed by Bennett (1938).
Hochbaum (1944) expanded the concept of
lone drake census to include all dabbler species
but pointed out that there were variations in
length of localization of the drakes’ activity on
“ierritory”. Low (1947) concluded that numbers
of nesting pairs on apn area could be ascertained
more accurately by a count of pairs or drakes
on their territories than by a nest count. General-
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ly, censuses of breeding pairs of waterfow] were
based on the premises of drake and pair isola-
tion, aclivity Jocalization, and conspicuousness

during the prelaying, Jaying, and early incubation -

periods. Smith and Hawkins (1948) noted that
“unique in the spring inventory are the definite-
ness of the territory, tendency of the drake to
display, tameness of ducks in the spring, sparse-
ness of cover and scatiered arrangement of
birds”. They describe a breeding pair census as
the tallying of all water areas and breeding birds
(as evidenced by pairs or single drakes) falling
within a designated strip. For a number of years
after 1948 waterfow] pair censuses were based
on “the number of breeding birds by species as
evidenced by pairs and single drakes and the
total pumber of ducks by species” (Williams,
1948). Reeves, Lundy, and Kreller (1955),
Ellig (1955), and Ordal (in Moyle, 1964)°
utilized only Jone drakes plus pairs to equal
breeding pairs. Smith (1953) did not include
lone drakes on his counts of territorial pairs on
artificial reservoirs in eastern Montana, as counts
were conducted only, once a month. No workers
included grouped males as indicative of breed-
ing pairs.

On 12 Manitoba transects, a single hen com-
ponent was added to the Jone drake and pair
categories by Kiel (1949) to arrive at an esti-
mate of indicated diver and dabbler pairs.
Groups of males or females or mixed parties
of both were recorded as ratios and not con-
sidered breeding pairs. Evans and Black (1956)
also included lone hens on their Waubay Study
Area censuses as did Leitch (1952) for the
Caron Study Area. In Alberta, Smith (1957)
included Jone femazles, especially as an index

“of pairs in Jate season counts. Stoudt (1952,

1964) also included this component in south-
eastern Saskaichewan. Brood hens were tallied
as indicated pairs in Jate season counts on a
Manitoba study area by Evans (1949) and
Evans er al. (1952).

Jn Maine, Mendall (1949) used brood counts
and a nesting study to estimate pair populations.
He noted that because of the spread of the
nesiing season, accurate waterfowl census by
the “‘territorial count”™ method had to be sup-
plemenied by counts of broods. “When this is
done the number of breeding pairs is calculated
by using the total number of broods and ma-
ternal or “broody” females and adding to this

———————— e



a proportional number of pairs (to represent
the unsuccessful breeders) as based on the
annua) nesting success study.” Later, Mendall
(1958) determined population trends through a
combination of three techniques: (1) counts of
pairs and territorial males, (2) sample nesting
studies, and (3) brood counts. In 1957, Rogers
(1964) used brood counts divided by suvccessful
pests to estimate resident Jesser scaup pairs.
Jessen, Lindmeier, and Farmes (1964) also used
nest counts, nesting success, and brood counts
to estimate populations of ducks breeding on 2
Minnesota study area. They discuss at some
length (p. 83-85) the problems involved in
estimating numbers of breeding pairs using three
components—pairs, Jone drakes, and males in
groups up to five, especially during protracted
breeding seasons.

Lynch (1951), recognizing the behavioural
significance of drake groupings, suggested that
Jone mallard and pintail drakes and all grouped
drakes of three or four be enumerated as in-
dicated pairs by aerial crews. Calculated ducks-
per-square-mile figures should then be adjusted
for the laying or incubating but unseen hens,
associated with drakes. He stressed that hens of
pairs were more difficult to observe from the air
while most drakes were clearly visible. In essence,
he recommended enumeration of all apparently
resident drakes as pairs. Yearly variations in
percentages of lone drakes to all ducks seen were
1o be utilized as an index to successful first nest-

ing attempts.

Bue (1952) bas conducted the most intensive
analysis of breeding population dynamics based
on weekly cegsuses of 50 stock ponds in western
South Dakota. Counts were made from April to
August of 1950 and 1951 and included pairs,
jone drakes, lone hens, grouped pairs, drakes
and hens, and postbreeding groups. He used four
methods to arrive at seasonal breeding pair pop-
vlations of mallards, pintails, shoveler, gadwall,
and blue-winged teal: (1) the weekly indicated
b'cedino pair population represenied by lone

drakes and pairs; (2) the weeklv potential breed-
ing pair population by enumerating all females
seen in (1) above plus all hens observed as Jone
hens, in grouped courting parties, or as brood
hens; (3) the indicated breeding pair populations
by “accumulative calculated desertion of males”
by weeks. This method accounied for a shifi of

Jone and paired males to grouped drakes and
courling pzriles but the population could not be
tallied unti] the last drake deseried the home
range; (4) a weekly breeding pair population by
adding the population from (3) to all hens
observed as pairs and in courting parties. Females
seen as Jone hens and with broods were not used.
Each method gave fairly comparable results but
for different weeks of the breeding season. Bue
(1952: 13) noted that the then current single-
count census fechniques which enumerated only
pairs and Jone drakes did not account for pairs
in which drakes had deserted territories, pairs
which arrive Jate, or pairs which leave the area
without atiemptling 1o nest. |

In South Dakota, Murdy (1953) counted pairs,
Jone drakes, unpaired males, and unpaired
females of five species of ducks during an entirg
breeding season. Using ratios of pairs to Jone
drakes plus a knowledge of nesting phepology
and migration chronology, he was able to esta-
blish optimum census periods for each species for
the state. He concluded that (1) various per-
centages of each species were paired on arrival,
with pintails the least paired, (2) lJone drake in-
dices may have been affected by presence of
unpaired males, (3) Jone drake indices fluctuated
throughout the season.

In England, Bovd and King (1959) estimated
potential breeding pairs of mallards on four res-
ervoirs {rom {reguent direct counts and sex ratio
counts made from February to August. They
point out that “a nest count is in theory the best
measure of the breeding population™ but recog-
nized the problems involved in finding all nests
and the efiects of finding nests on increased pred-
ator Joss. In Alberta, Keith (1961) used an

average of seasonal counts of adult ducks to

estimate the pumber of breeding pairs of 11
species on his study area impoundments. Gates
(1965) used Keith’s (1961: 66) data on average
seasonal nesis per pair to calculate breeding pair
and blue-winged teal on

populations of mazllard
assumed that renesting

Wisconsin farmiands. He
rates were similar in the two areas.

In their intensive evaluation of ground transect
census methods in Alberta, Diem and Lu (1960)
separated spa cies into four groups bzsed on
observed mobility, viz. (1) sedentary puddiers,

(2) mobile puddlers, (3) sedentary divers, and
(4) momle divers. They fested the influence of
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time of day on three components (the indicated
population, single drakes and single hens) of
three species—mallard, blue-winged teal, and
Jesser scaup—but made no mention of enumerat-
ing grouped drakes. On the basis of an intensive
study of black duck breeding biology and be-
haviour by Stotts and Davis (1960), Chamber-
Jain and Kaczynski (1965) utilized four compo-
nents-—pairs, single drakes, groups of three
drakes, and Jarge groups of five or more drakes—
to determine stage of nesting season. The data
were vsed to better predict optimum aerial census
periods for black ducks in eastern Canada. In
Wisconsin, Jahn and Hunt (1964) enumerated
lone males, Jone females, pairs, flocked males, and
fiocked females, but vsed lone males and pairs
only to compule pair densities on ponds. Ham-
mond’s (1959) recommendations of censusing
only pair and lone drake dabblers but pairs plus
extra female divers were used by Burgess, Price,
and Trauger (1965) for censuses in Jowa. Martz
(1967) also used Hammond’s recommendations
for censusing waterfowl, mostly gadwall and blue-
winged teal, at the Lower Souris National Wild-
life Refuge. He excluded flocks of three or more
males or three or more pairs from the counts as
representing nonbreeding or postbreeding birds.
To obtain estimates of breeding populations of
blue-winged teal, Glover (1956) recommended
counts during spring migration and while males
were on wajting stations, with associated pest
counts on sample study areas. He utilized a senes
of seasonal censuses, chiefly of pairs, lone males
on waiting stations, and nests per unit of habitat.
Stewart, Geis, and Evans (1958) described
how pairs, Jone drakes, groups of mixed sexes,
and unidenjified birds were recorded by aerial
survey crews. Each drake on a breeding area,
except drakes in groups of mixed sexes, was
2ssumed to be mated to 2 hen for calculations of
¢ the index of ducks per square mile for each pro-
vincial stratum. Unidentified birds were allocated
to species and sexes on the basis of the propor-
iions in the jdentified segment. Aerial surveys
were designed so that the sampling error of the
total duck index, for each provirce, would be
Jess than 20 per cent at the 0.05 probability Jevel.
Smith (1964) in his recommendations for water-
fowl breeding ground aenal surveys noted that
pairs, Jone drzkes, and fliocked drakes should be
enumerated for mallard, pintail, and camvasback
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in the May pair surveys, but that groups of two
or more drakes or groups of three or more birds
of mixed sexes should not be recorded in the
July production surveys. In_luly, Jate nesting In-
dices should be arrived at by enumerating pairs
or single drakes only. Hammond (1966) sug-
cested enumeration of drakes in groups of up to
five on large study blocks but only those of two
or Jess on small study areas, i.e., less than 640
acres. Widgeon and shoveler grouped males were
not to be tabulated. Lone males were to be
enumeraied but not lone females, except for Jone
diver females and hens on artificially constructed
ponds, where the waiting drake may be Jocated on
a large nearby marsh.

For divers, with heavily distorted sex ratios,
counts of all males would naturally Jead to over-
estimation of breeding populations. Murdy
(1964) enumerated only observed pairs of lesser
scaup and ring-necked ducks on the Yellow-
knife Study Area, Northwest Territories. In
Manitoba, Rogers (1964) considered pairs and
lone females as indicated pairs of lesser scaup.
In western Montana, Lokemoen (1966) con-
sidered only pairs of redheads in estimating
breeding populations and discounted lone drakes
and Jone hens.

Europcan census methods

In Finland, Koskimies (1949), Hilden (1964),
and Grepquist (1965, 1966) utilized counts of
males, pairs, and the number of nests found in
relation to pair numbers to estimate vearly
changes in waterfow]l population numbers. Most
of the counts were conducted around islands of
various archipelagos and included velvet scoters
(Melanitta jusca), mergansers (Mergus serrator,
M. merganser), tufted duck (Aythyva fuligula),
mallard, pintail, goldeneve, shoveler, and teal
(Anas crecca, A. gquerquedula). Koskimies
(1949) discussed the methodological aspects of
hourly, daily, and scasonal estimates of island-
nesting velvet scoter and red-breasted merganser
(M. serraior) populations. He concluded that
time of day, stzge of summer, weather condi-
tions, personnel experience, and other environ-
mental factors all affecied the validity of estimates
obtained. With velvet scoters, morning and afier-

showed

Summer counts




lings were separable by plumage. Difficulty was
experienced in separating nonbreeding and
breeding components of merganser populations.

In Jceland, Bengtson (1967) used a com-
posite of methods to arrive at breeding popula-
tions of 15 duck species on Lake Myvatn. The
Jake covered 14 square miles, had an irregular
rocky shore line of over 20 miles and contained
30 islands. Direct counts were used in the Jatter
half of May and continued until egg Jaying was
well advanced. Preliminary counts were adjusted
when results of nest studies, moulting area
counts, and brood studies were available. He felt
there was an error of only 15 per cent in his
estimates on a population that lay between
13,500 and 18.500 pairs.

For grassland areas I recommend, in a follow-
ing section, the periodic enumeration of all
dabbler pairs, Jone drakes, and grouped drakes
as indicated breeding pairs before specific dates,
based on nest phenology, and the correction of
the data with a prelaying season sex ratio to
account for unmated males. Lone hens are not
enumerated unless they are from an uncommon
breeding species. Because of highly distorted sex
ratios and aggregation of pairs on ceriain pre-
ferred ponds, diver population estimates are
better taken from nesting studies supplemented
with periodic counts of pairs and lone drakes
on waiting sites.

In all, a number of different population com-
ponents have been utilized to estimate breeding
pair abundance or to arrive at some population
index. Although most authors recognize that their
estimates are crude, few have attempted to show
the magnitude gf errors of estimate or describe
biases encountered in the use or rejection of a
population component. The need for an evalua-
ton of what components to count for each
species, what time of year they should be counted,
and the standardization of censused components
beiween workers and areas is obvious.

Appraisal of facfors influencing
inventories :

On the basis of field programs on the two study
areas, a pumber of corrections to potential sam-
pling errors and biases and solutions to problems
of duck population estimation present themselves.
Unmsted males and the census

Although the proportion of unmated males that
remain through the breeding season on the pot-

hole breeding habitat is unknown, there are ob-
servations that May sex ratios may be more dis-
torted in large marshes where unpaired mallard
and pintail males congregate (Hochbaum, 1944;
Ellig, 1955). For parklznd pond habitat, Diem
and Lu (1960) discussed the errors involved in
censuses because of distorted sex ratios and
enumeration of unmated males as indicated pairs.
For the present study, ] a2ssumed that the greater
proportion of unmated males remained on the
study areas vnti] immediately prior to the brood
season. Firstly, the assumption was based on some
incomplete data on mazrked, unpaired drakes. Of
23 mallard, pintail, gadwall, widgeon, and blue-
winged teal unpaired males marked in 8 vears,
11 were subsequently seen on or around the siudy
areas where they were marked, for periods up to
42 days. Furthermore, observation of marked
pairs showed that as many as one in four may
disassociate themselves from the home range be-
cause of the disturbance due to marking and
capture. Utilizing a similar ratio for unmated
drakes, 1 concluded that {from 48 to 65 per cent
of the unpaired drakes may also remain on or
near a study area, at Jeast during the laying and
early incubation periods and be available for
censusing. Secondly, in 1964 and 1965, at Wau-
bay, South Dakota, Drewien (in litr.) established
that unmated blue-winged teal drakes composed
15 to 20 per cent of the resident population of
drakes of a study block and remained there
throughout the breeding season. Unmated males
showed varying degrees of site tenacity and
localization of activity through the month of May
to early June, as did the mated males and breed-
ing pairs. Thirdly, Bossenmaier (1951: 61), who
intensively censused a major moulting marsh,

_Whitewater Lake in southern Manitoba, did not

record the first flocks of 10 or more mallard
drakes until May 28, 1950. and May 21, 1951.
While these may have been either previously
paired, posibreeding or unpaired drakes, he gives
no records of earber congrecations of drzkes.
I suggest that the greater proportion of both
mated and unmaied drazkes of most dzbbler
species do not leave the breeding ponds for the
mouliing lakes until the nesting season is well
under way. They are thus Jocaied on the breeding
grounds and can be erroneously assessed as poten-

tial breeding pairs.
On both study areas, marked, unmated males
were seen to aggregate with mated males whose
211
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hens were incubating and to take part in GFAC
and ARF. They may also associate with pairs as
novice drakes (Hochbaum, 1944) or form groups
of two, three or more. In early April, associations
of two or more unmated pintail drakes were com-
mon but fewer small groupings of unmated drake
mallards were observed. During the prenesting
period, groupings of two unmated males of other
dabbler species were also uncommon except for
blue-winged teal. .

As all males are counted as potential breeding
pairs, the use of a correction factor to disregard
unpaired drakes should be valid, in order to
assess only true pairs.

With all species the. number of unmated
drakes observed in the prebreeding period varies
slightly from year to year (Table 3). If sufficient
counts are made to show a significant difierence,
then the vearly sex ratio correction factor should

be applied to the indicated population based on”

all drake and pair counts. If no counts are avail-
able the average prebreeding male to hen ratios
found in Bellrose er al. (1961) and in Table 3
might be used. :

Sex ratio correcfion facfors

The problem of overestimation by enumerating
unmated Jone males as indicaied mated pairs
becomes acute in those dabbler and diving duck
species which are regularly known to have dis-
torted sex ratios on the breeding grounds (Bell-
rose et al., 1961). Since it is almost impossible
to separate Jone mated from Jone unmated
drakes on the basis of plumage or obvious be-
havioural characteristics, 1 propose that all
drakes should be enumerated as breeding pairs 1
to 2 weeks before the first appearance of broods,
and that a prelaying sex ratio correction factor
should be appliéd. For yearly trend information,
in those species whose sex ratio may not fluc-
tuate widely, enumeration of all drakes should not
distort measures of relative abundance. For
more sophisticated and accurate measures of
populations and the factors limiting recruitment
on special study blocks some correction for the
unmated male component must be made (ci.
Table 9).

The errors involved in assuming that all un-
mated drakes are indicated pairs have been
eccgnized by many workers (Hochbaum, 1944;
Murdy, 1953; Sowls, 1955; Diem and Lu, 1960;
Bellrose er al., 1961; and Hammond, in i,

1966). Hawkins, Goliop, and Wellein (1951)
232
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conciuded that oblaining prebreeding sex ratio
data ofiered z logical method of correcting aerial
counts for hens not seen associated with drakes.
However, Kiel (1951) cautioned against the use
of sex ratio correction factors because egress of
premoulting males might equal disappearance of
nesting females from the transects, the result
“being 2 constant sex ratio but a decreasing
counlable population”. On the Yellowknife Study
Area, Northwest Territories, Murdy (1962)
enumerated all drake Jesser scaup and ring-
necked ducks and appled a sex ratio correction
factor for the imbalance of males. The method
assumes that sufficient prebreeding sex ratio data
are avallable. Murdy (1964) laier utilized counts
of pairs and drakes on waiung sites to estimate
breeding populations.

Late influxes of pairs

In May, the separation of Jate migrant pairs or
drought-displaced birds from residents is nearly
impoessible to make. The criterion 1 used re-
volved around whether pairs were grouped or
spaced and general behaviour, such as whether
hens gave the persistent quacking call or drakes
showed hostility toward hens of pairs. However,
during the transitory, postmigration period pairs
may be spaced from other pairs but do not vet
show activity localization. Such pairs could be
included as residents.

Late May and June influxes of breeding pairs
nesting for the first time or influxes of renesting
pairs are apparently common on some marsh
and pond study areas (Jessen, Lindmeier, and
Farmes, 1964; Hammond, 1959; Kirsch, in lLit.).
Such influxes give rise to a multitude of sampling
problems in the accurate assessment of the sea-
sonal or total number of pairs which attempt to

-nest on a specific area. Hammond (1959; Jetter

June 11, 1967) noted influxes of birds into the
marsh habitat of Lower Souris National Wildlife
Refuge, when: (1) sheet water disappeared {rom
fields surrounding the marsh, (2) mass desiruc-
tion of nests occurred through farming practices,
(3) drakes and hens made premoult movements
away {rom their breeding grounds, possibly after
oniy ope nesting atlempt. Yearly, I recorded
early June influxes of mallard pairs on the Rose-
neath Study Area, where ponds were intensively
surveyed, but could not differentiate Jate migrants
from resident pairs on the Kindersley Study
Area because of much larger populations of all
species. At present, the sampling problems in-

e
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volved with adequale census of seasonzl popula-
tions and the difierentiation of residents {from new
arrivals appear insurmountable. Where influxes
occur indirect methods, concerned with mnest
counts and brood numbers, may have to be used
to estimate breeding populations.
GFAC, ARF, TBF und the census
Both mated and unmated drakes join spring
and sumumer aerial flights, j.e., group flights as-
sociated with courtship and attempted rape fights,
and all drakes in such flights temporarily on
ponds have been epumerated on the Kindersley
Study Area. As such flights may extend for 1
to 4 miles and gather drakes from a number of
ponds they would tend to distort population
estimates from narrow one-quarter-mile roadside
strip counts and therefore might be deleted.
Observations of behaviour of drakes in aenal
fiights temporarily on ponds should be noted
so that Jate season, postbreeding groups of males
and pairs are not classed in error as breeding
birds in flights. The number of flights observed
1s small in relation to over-all population num-
bers, except for ARF of pintails and GFAC of
Jesser scaup, where groupings of males with one
hen are common through May. Atiempted rape
flights may be more frequent in all species dur-
ing late afternoons, at a period when incubating
hens are taking their recesses and are more prone
1o attract drakes. If censuses are conducted in the
0800- to 1200-hour interval the number of three
bird flights seen is much reduced over the early
morning (0530-hour) and late evening (1800-
hour) periods. Therefore, sampling errors due to
mobility should be minor. Most mallard ARF
were observed in the early mornings and late
afternoons, jafier hens started to incubate. Few
were enumerated -in the 0800- to 1200-hour
census interval. Mallard and pintail GFAC zre
usually seen in early and mid-April and are com-
monly associated with migrating flocks. The
umber observed per day on pond breeding habi-
al, during any optimum census penod in May,
will be negligible, especially if transects or study
Jocks are Jocated at some distance from habitat
where migrants congregate. For other dabbler
species few GFAC were recorded after May 15
or during the optimum census period.
Pair bond duration and the census
Much variation of pair bond duration exists be-
tween and within species of Anatidae. The dura-
tion of the pair bond, size of home ranges, and

s

pary

o

period of Jocalized activity on a waiting site all
afiect accuracy of spring pair censuses. Hoch-
baum (1944) recorded the early abandonment of
hens by drake mallards and pintails, uvsuvally
after laying of the cluich. Sowls (1955: 101)
noted that blue-winged teal and shoveler drakes
did not abandon their hens unti) late incubation,
while mallard, pintail, and gadwall did not asso-
ciate with the hen after clutches were complete.
Similar observations were made by Smith (in
Bellrose er al., 1960: 427). Leitch (1952) noied
that mallard and pintail drakes remained on ter-
ritories the shortest time, while bluc-winged teal,
widgeon, and shoveler drakes remained op their
territories much Jonger and population figures for
these species, taken from ground counts, should
be quite accurate. Bue (1952) pointed out wide
variations in the times that species and individual
drakes abandon home ranges. Similar variations
In stage of incubation at which drakes desert hens
were also reported by Oring (1964). McKinney
(1965) summarized the available literature on
pair bond duration in North American Anatidae.
He showed that many diver and dabbler drakes
did pot associate with their hens after the first
week of incubation. However, blue-winged teal,
shoveler, gadwall, and Jesser scaup generally
abandoned their hens only after the second or
third week of incubation. Gates (1962) reported
that drakes of renesting pairs of gadwall aban-
doned their hens sooner than drzkes of initial
nestings, a conclusion I have substantiated in
following renesting mallards, pintails, and blue-
winged teal. In Maine, Stotts and Davis (1960)
noted that seven drake black ducks attended hens
from 7 to 22 days, averaging a minimum of 14.3
days, during early, first pesting attempts. For
eight examples of late renesting, drake attendance
varied {from 4 to 16 days and averaged only 9.1
days. 1 noted that the pair bond may also be
reizined through a renesting attempt. Nine hens,
of dabbler pairs which renested, were trapped
and marked over an §8-vear period. Five of the
nine renesiing hens were subsequently seen with
their original drake while four had reformed pair
bonds with anotber unmarked drake. Kirsch (in
lirt.) suggesied that some mallard and pintail
pairs retain the bond for periods of up to 2
months and renest several times.

I also noted wide yearly variations in time of
breaking of the pair bond. In 1958, an excep-
tionally early breeding season with hatching start-
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ing on May 15, 22 mallard hens and broods
were observed with associated drakes, whereas
in years when hatching peaked after May 25,
fewer than five were recorded anpually. In 1955,
1956, and 1958, T have recorded newly hatched
broods associated with pairs of blue-winged teal
and shoveler in Jate June, 2 weeks after the first
broods of this species were recorded. Kirsch
(Jetter, June 27, 1967) noted “many” blue-
winged teal broods with associated drakes on the
Woodward Study Area, North Dakota. Most
drakes were secen with early season broods but
seldom remained with the brood beyond the first
few days. At Roseneath, I regularly saw drake
ruddy ducks associated with hens and broods up
to 10 days old. In all cases of drakes with broods
the hen did not take the “repulsion posture” and
it was therefore assumed to be a mated pair.

Thus, some drakes have stronger hen attachments’
. and are associated with their waiting areas for

Jonger periods than other drakes. Therefore, they
are more readily seen and available to be cen-
sused as indicated pairs.

Pair bogd duration is related to strength of site
tenacity by the drake and the daily re-use of the
activity centre by the hen and drake. Pair bonds
are periodically re-enforced through the early and
mid-incubation period as Jong as the drakes re-
turn to the waiting sites while hens are on recess.
Tight pair bonds are maintained by frequent and
joint activity through the migration, postmigra-
tion, and laying period but progressively weaken
as the pair is associated less and less during
incubation. Strong pair bond attachment in males
is associated with strong attachment for the wait-
ing site of the home range. Site tenacity to the
breeding home!range Jeads to faster pair bond
re-establichment whenever the hen returns to the
home range to jeed, bathe and preen dunng her
infrequent recesses. Pintail drakes appear Jeast
attached to the waiting site; other dabbler drakes
return regularly to it or to favoured feeding areas
in early morning and late afiernoon 1o rejoin the
hen on her recesses during these periods. Other
Gabbler drakes, especially mallards, whose hens
are in the same period of incubation do ot
dicassociate themselves from drake aggregations
and are therefore found less {requently on the
waiting sites. Such differences appear due to in-
dividual behaviour.

In short, the period of drake_desertion of the
home range varies with the species, the individual
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pair, the nesting phenology of a season and per-
haps density of pairs. There is no sharp break
but only a general waning of the pair bond and
attachment to home range. Therefore, no accurate
and predictable period of drake desertion can be
given for a species or for any breeding season. In

general, mallard and pintail drakes should be

censused before their hens are in their_second

week of incubation, whereas widgeon, shoveler,

gadwall, and bluc-winged, teal can be dccuraie]y :
censused by counting drakes 1hrough the second

or_third week of incubation. The c corre]auon of
census _p;r)odc with breeding phenology is im-
perative.

Grouped drakes and the census

In spring the period of strongest pair bond at-
tachments is associated with periods of maxi-
mum pair spacing and maximum drake intoler-.
ance. These periods extend from the time of
dissolution of the migrating flock to the beginning
of incubation. Paired mallard drakes rarely asso-
ciated with each other in the prenesting and
early laying périods. Unmated drakes of all
species remain gregarious while even some mated
pintail drakes may associate with each other dur-
ing the laying period (Smith, 1963). At Kinder-
sley, there was a strong tendency ifor groups of
four to seven drake pintails to associate, although
this may have been z refiection of the higher per-
centage of unmated males found in this species
(Table 3). At Kindersley, more groups of two to
eight drakes with a single hen, in GFAC or ARF,
were seen of pintail than of mallards (Tables 8a,
8b). In mallards the period of drake intolerance
1s followed by a period of drake sociability.
Mated drakes form small aggregations, usually
two or three but up to ten. Such morning and
mid-day drake associations are charactenstic of
mallards and pintails toward the end of the egg
Jaying period and through incubation (Tables 8a

and 8b). However, mated drake associations were

rarely observed in widgeon, shoveler, gadwall,
and blue-winged teal until mid- and late incuba-
tion periods (Tables 8c, &4, 8e, 8f). Bue (1952)~
and Evans and Black (1956) noted that grouped
mallard and pintail drakes were conspicuous be-
fore broods appeared. These authors noted that
with blue-winged teal, whose drakes stayed with
hens until nearly haiching time, grouping of drakes
coincided with the appearance of broods. Thus,
_as the _drake-hen bond wanes, drake intolerance.

wanes and meales form



ageregations_for. varying .periods of the day. A
number of inter-related phenomena occur with
drakes after the hen begins incubation: (1) the
hosmm‘ of drakes toward hens and other ‘drakes
dcqeases, (2) 1he ‘tendency_10_behave ;c;h’ally
toward all hens except his own mate increases,
(?) drakes disperse widely Jrorn thelr _Wwaiting
arez sites, (4) they begin to zssociate with other
drakes in larger and larger groups. Most drakes
make z final break with the breeding ground from
2-10 5 weeks afier the hen has started to incubate
when they form large premoulting fiocks and
migrate to moulting lakes. Few drakes of any
species, except small groups of blue-winged teal,
were recorded moulting in the parkland or grass-
Jang study area ponds.

Most mallard drakes with incubating bens tend
to form associations with other drakes during

the mid-day hours, 0800 to 1600. Before and.

after this interval drakes either avoid association
with other drakes or remain

hours, showing a breeding population of pre-
dominantly pairs and Jone drakes would indicate

tBat the greater portion of the pairs are in tne‘

prelaying and laying interval. Censuses which :
show a preponderance of lone males and grouped

males would indicate that most pairs are laying |

e

or incubating.

1 made observations in parkland, grassland,
and large marsh habitats which suggested that
males associaied more readily under dense than
under sparse population situations. The oppor-
tunity for drake association is increased or drakes
may be forced to group by lack of surface waters
or common Joafing spots. Also, if large marsh
areas serve ag congregating areas for unmated
males, they m"ay be ‘seen associated throughout
the breeding season (Hochbaum, 1944; Ellig,
1955 Bl

In summary, on block-type study areas, enu-
meravon of groups of males of five or Jess, espe-
cialiy mallards and pintails, before the appezrance
of first broods in mid-May, is a valid mezsure
of indicated breeding pairs. They should be enu-
merated on large sample plots (4 sguare miles
or over) but further investigation of their distribu-
tion and activity patterns should be made before
all such groups are tzllied on parrow iransects.
For other dabbler species in which groupings of
drakes zre generally less than five, ie., two’s and
hree’s, all such drakes should also be enumerated

1solated on their
waiting areas. Morning counts, i.e., 0800 to 1200

1
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as indicated pairs on block areas prior to recom-
mended cut-off dates.
Opfimum censuos periods

— s

I bave recommended that optimum census periods

be established yearly jor each species. These
should be based on migration chronology and
nesting phenology. Counts should be conducled
when the greatest proportion of any " species is in
the prencmno (including renecunO) Jaying, or
car]\ incubation stages. For 1956 through 1959
at }\movrs]_\ Saskatchewan, the inierval from
May 8 to 20 was considered optiimum for census-
ing mallards and pintails, {rom May 20 1o June 5
for widgeon and shovelers, and from May 25 to
June 10 for gadwall and blue-winged 1eal. In years
with no April cold snaps, counts for mallards and
pintails could be initiated 2 to 3 weeks after the

first few hens start to lay or are seen dropping

into nesting cover. Egg laying may start {rom
10 days to 3 weeks after the first pairs migrate
into an area. For other dabbler species, counts
should start 1 to 2 weeks after the first eggs are
noted. All censuses should terminate before the
first few broods appear or better still when the
first nesting hens are in their third week of incu-
bation. Censuses taken in the above intervals will
assess populations of pairs in their first nesting
atiempt at a relatively stable Jevel. Exceptionally
Jate migrants or drought-displaced birds moving
into an area in mid-June would still not be ade-
quately enumerated without Jater periodic counts.

Murdy (1953) concluded that optimum census
periods occurred after the migrants had left and
before emergent vegetation and pair behaviour
changed. For 1951, he pointed out that the opti-
mum time for the annual duck survey in South
Dakota was during the week of May 13 to 23
when mallard, pintail, shoveler, blue-winged teal,
and padwall pairs were all in residence and popu-
Jations were relatively constant. The optimum sur-
vey penod jor mallard and pintail pairs extended
from Apri ] 28 to May 28 while for the remaining
pecies it exiended from May 15 to 28.

d (1966) noied that optimum census
_anpually by 7 to 10 days. He
7 16 _17_census _penod_in

pfrl(\QL}aT\
recommended a May

Ec;ﬁ?Dakma for mallards, pintals, canvasbacks,

and wood ducks and a May v 25 to June 7 census
Dr"nc;dm?or_:;é;xc]]s blue mnoed eal, redheads,
Jesser scaup, and other species. For a study block
in the forested habitat of the Northwest Terri-
tories, Murdy (1964 ) recommended two censuses,
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one immediately after ice break-up between
May 20 and 25 for all puddle ducks except
shovelers (but including canvasback) and the
second between June 6 and 12 for late nesting
divers. Where possible, single censuses should
be avoided, although Sazlver (1962) felt a single
valid census could be conducted in early June at
the period of nest initiation of blue-winged teal.
Number of sczsonal counts required

Intensive studies of waterfowl breeding chro-
nology and optimum census periods show that all
duck species do not migrate into a region oOr
initiate nesting at the same time (Kijel, 1949;
Lynch, 1951; Murdy, 1953; Bue, 1952; Stoudt,
1952; Smith, 1956; Evans and Black, 1956, and
others). All dabbler species show peak indicated
populations at different times, usually associated
with the period of strongest site attachment, i.e.,
prenesting, laying,
Mallards, pintails, and canvasback are generally
early breeders; wideeon, shoveler, redhead, and
ring-necked duck intermediate; while gadwall,
blue-winged teal, lesser scaup, and ruddy ducks
are late breeders. Regional difierences in start of
nesting may occur as Kirsch (in Iitt.) noted that
blue-winged teal on the Woodward Study Area,
North Dakota, could be considered intermediate
breeders. Generally, one census cannot accurately
assess peak populations of all species. 1 con-
cluded that a minimum of two, and possibly
three, counts may be Dpecessary to assess pair
numbers of a multi-species breeding population
with asynchronous nesting periods.

Very early, Mendall (1948) had noted that
more than one count might be necessary 1o
enumerate ecarly hatching black ducks and golden-
eves znd Jate hatching ring-necked ducks and
teal (A. carolinensis; A. discors). Kiel (1949)
conducted a2s many as four breeding pair censuses
on 12 Manitoba transects. The highest mallard
and pintail populations were recorded in the
April 21 to 25 count while the highest indicated
populations of widgeon, shoveler, gadwall, and
blue-winged teal were noted from May 14 to
Tune 6. Lynch (1951) recognized that late breed-
ing blue-winged teal and lesser scaup could not
be adeguately surveyed in mid-May at the time
of the mallard and pintail aerial census. For over
10 vecers in the parklands of Saskatchewan, Siovdt

1964) wused iwo censuses 1o assess breeding
populations, one in May for early breeders and

G’ s
the second in June for all other species. Similar

-

~ through August,

and early incubation periods.™

double censuses were conducted on various
Albertz study areas by Smith (1957). Evans and
Black (1956) made periodic censuses, April
on the Waubay Study Area,
South Dakota. All authors utilized the peak num-
ber of indicated pairs for any one period as the
estimated breeding population for the respective
study or ftransect area. However, as discussed
later, 1 sugpest four or five replicate counts and
a2 mean population estimate would betier describe
species pair numbers than a maximum count.
taken from one census. To establish trends, and
where time and manpower is limited, a single
count can be successfully used to estimate total
populations, as has been proposed by Hammond
(1959; in lin.).

Time of day for counts

I have recommended that in
where emergent vegetation does not aflect visi-
bility of ducks, ground counts be conducted be-
tween 0800 and 1200 hours. Between these
times, pairs and drakes Jocalize their activity
and are Jeast mobile; most laying and incubating
hens are on their nests, winds are low, and light
is favourable. Diem and Lu (1960) recom-
mended that for censusing mallards on transects
in parkland habitat, counts be conducted in morn-
ing hours after 0530 but before 0930 hours
as both pairs and Jone drakes are more visible
in early morning and Jeave transect ponds in
the forenoon. They showed no statistically signifi-
cant differences in indicated pumbers of blue-
winged teal and Jesser scaup for counts conducted
at 0530, 0930, and 1330 hours.
concluded that aerial counts made at mid-day
may be from 30 to 50 per cent Jower than early
morning counts and recommended all censuses
be made from 0600 to 1200 hours. Smith (1956)
concluded that for parkland areas of Alberta mid-
day aerial counts, when pairs were most inac-
tive, did not give accurate coverage. Numbers
of paired ducks observed in mid-day decreased
from early morning counts while numbers of
single males increased. In Manitoba, Rogers
(1964) began lesser scaup counts between 0800
and 0900 hours, completing them in 2 to 3%
hours. For marshes, pond-habitat blocks, and
{ransects, Harwmfmd _(1966) recommended all-
day counts 5U{_11n0 after 0900 }\ours——;s’—;(rne
duck pairs were in_ neﬁunc _cover prior_to_this

time. Lalc afternoon counts in Jarge marshes were

10 be a\ '\)ued Kirsch (in lLitt.) censused ducks

grassiand areas

They further .

i —




from 0800 to 1500 hours on the Woodward
Study Area. For aerial surveys of ducks of
prairie small pond habitat, J.D. Smith (1964)
points out that transect counts should be com-
pleted by noon of each day. Optimum daily and
scasonal times for aerial pair surveys are also
discussed by Stewart ef al. (1958) who point out
that winds generally rise toward mid-day, while
light is poor in the early morning and evening.
Daily patierns of use of marsh areas or ponds
may afiect optimum census times. In North
Dakota, Lacy (1959) noted that peak use of
diiches by nesting pairs occurred 2 hours after
sunrise with decreasing evidence of pair use
thereafter, as birds retired to an adjacent large
marsh. By 1300 hours fewer than half the pairs
epumerated in the morning were assessed. In
1967 counts, on part of Lacy’s study area, Ham-
mond (letter, June 11, 1967) found substan-
tially more pairs present in the morning than
afternoon. Many pairs retired to a nearby marsh
after egg Jaying and drakes of incubating hens
also tended to fly to the marsh in afternoons.
Hammond pointed out that late afternoons were
a good time to find redhead drakes on open bays,
especially during the Jaying period. Sowls (1955:
54) recorded maximum populations of pairs in a
roadside ditch from 0400 to 0800 hours, decreas-
ing pair numbers through mid-day, and mini-
mum numbers from 1600 to 2000 hours. He also
stressed that sharing of a single Joafing spot by
several pairs of blue-winged teal and gadwall may
occur at different times of the day. A pair Jocated
in one spot during one census period need not
be the same pair in the spot at a Jater period. For
any one species, a turn-over of pairs occurred
with the early, intermediate, and Jate nesting hens
and their draks using the same spot for varying
portions of the morning. Heavy vehicular traffic
on transect routes may also tend to flush birds,
forcing them away from well-travelled roads

after the mid-morning hours.

Generally, high post-noon temperatures and
winds tend to affect mobility, wvisibility, and
therefore, countability of ducks. On the Kinders-
Jey Study Area many pairs, Jone, and grouped
drakes rested on shore lines whenever tempera-
tures exceeded 60°F and winds were low, a
situziion also reporied by Diem and Lu (1960).
This behaviour and their general inactivity made
them difficult to Jocate visuzlly during the after-
noop, from 1200 to 1600 bhours. Activity in-

creased after 1700 hours. For parkland and
marsh habitats estimates made from early morn-
ing counts, 0400 to 0800 hours, when all ducks
are most active and visible, may more closely
approximate
Although visibility is increased, estimate biases
will occur because of mobility of pairs and
absence of some pairs in nesting cover or distant
feeding grounds. Standardization of census times
between habitats need not be important if statis-
tical 1esting of counts shows little hourly varia-
tion in countableness or if correction factors
can be wused. Mo\sl_slgd_les_ _suggest that more

consisient_and accurate counts are obtainable in

the_early and rﬁféjn{o_rﬁihglhgﬁ in the afiernoon
_and_evening. S
Duck and pond distribution
Ducks and ponds are not regularly or randomly
distributed over the parkland and grassland pond
habitat. Potholes do not occur “in neat patterns
or regular numbers” (Smith, Stoudt, Gollop,
1964). Pond distribution and numbers change
seasonally as some small, temporary potholes dry
through April and May. Ducks themselves tend
to be found in aggregations on favourable pot-
holes or portions of any habitat block, ie., a
contagious distribution  (Grieg-Smith, 1964;
Southwood, 1966). Pairs of some species, e.g.,
divers and blue-winged teal, appear more social
and are found more closely associated on “pri-
mary waiting areas” (Dzubin, 1955), than other
species. In grasslands, pair and drake piptails
are more closely a2ggregated than mallards. Other
dabbler species tend to be more dispersed be-
cause of inherent behavioural spacing mechan-
isms. Since the degree of spacing and intensity
of coactions varies with the breeding phase of
each pair and the density of pairs (Dzubin, pers.
obs.), the spatial distnbution of pairs, Jone
drakes, grouped drakes, and grouped prebreed-
ing and postbreeding birds, throughout the
breeding season, is a constantly changing phenom-
enon. In spring, newly arrived pairs are aggre-
cated. With the advent of nesting, pairs space
themselves from other pairs. Spacing mecha-
nisms promote seguiarity of distribution while
sociability leads fo contagious arrangement of
indicated pairs over the habijtat. As early as
1951, Lynch (1951) had recognized seasonal
spatial distribution as a2 major sampling problem
for aerial transect counts. He noted that when
drzkes and pairs siart to group in late May the
.

absolute breeding populations.’
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optimum period for census has passed, especially
since enumeration of ‘ganged” drakes on
transects biases the resultant density figures.
Any inferences or predictions of population
densities based on sing]g:,_sgz;gana]__qoums during
an extremely_complex period of spatial distri-
bution —a_r_c:spbjcct to wide error, unless sampling
cong’jﬁé}g _are_intimately kpown. The accurate
mezsurement of density of a multi-species pop-
vlation in any habjtat is extremely difficult
(Odum, Cantlon, and Kornicker, 1960; Pres-
ton, 1948, 1962; Williams, 1953) and requires
in pond-type walerfow]

further investigation

habitat.

The statistical concepts underlying strip in-
tersect methods as measures of bird density have
been discussed by Moore (1955) and Davis
(1963). With waterfowl, transect censuses over
oneéquarter— or one-eighth-mile-wide strips dis-,
sect a Jarge number of home ranges. Ponds on
which ducks are enumerated may be resting,
feeding, loafing, nesting, waiting, or social con-
gregation areas. The hourly, daily, and seasonal
use of ponds varies but replication of counts
can be uvsed to pool data and determine average
densities of breeding pairs. Density of pairs
affects the distribution pattern of pairs or lone
drakes, as do favoured feeding or loafing spots.
All these factors should be weighed to better
plan transect surveys and predict the accuracy
and precision obtainable from any strip census.

Recommendations for block study area

census
Grassland
On the basis of the behaviour of marked birds,

studies of the chronology of nesting and {requent
direct counts ©of pairs, I propose that the fol-
Jowing procedures be utilized for ground census
on large, square-shaped study areas, e.g., 10 or
more square miles, in grassland habitats, where
emergent vegetation has little effect on visibility
of Gucks. Their use should allow estimates which
more closely approximate absolute breeding
pumbers per unit of pond-type breeding habitat.
The extrapolation of these recommendations to
marsh, parkland, and wooded habitats or to
transect counts might require further sampling
and modificstion, as visibility and mobility
actors vary among habitats. I zassume that all
z]d workers are able to differentiate between
waterfowl species and are able {o recognize

z
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various component groups: Jone drakes, grouped
drakes, aerial fiights, migrating groups, etc.

1. Censuses should be conducted during an
optimum interval of the breeding season, 1ie., .
when most pairs and drakes show maximum site
attachment, an indicauion that the greatest per-
centage of the population is in the prenesting
(including renesting), laying, and early incuba-
tion stages. Complementary nest phenology data
are required 1o delcrmine opumum  CeRsus
periods. Breeding chronology can also be crudely
deduced from ratios of pairs to lone drakes to
grouped drakes taken during mid-morning cen-
suses. For counts made between 0800 and 1200
bours 1 suggest a2 simple rule of thumb for
optimum census Ume of mallards and pintails.
Ratios of pairs to Jone drakes to grouped drakes
should be approximately 1:1:1 (i.e., one-third
or lJess of the total indicated population should«
be enumerated as pairs, with the remaining two-
thirds or more as Jone or grouped drakes).
Phenologically optimum census periods for other
dabblers, whose pair bonds and site tenacity are
stronger, and whose drakes do not aggregate
until afier the mid-incubation period, are those
in which the pair to Jone drake ratio is approxi-
mately 1:1 (i.e., one-half or less of the popula-
tion 1s counted as pairs). To ensure that pairs
or drakes are truly resident and show site attach-
ment, counts for each species must be correlated
with time of arrival on the breeding grounds and
nesting chronology.

2. Ground census should be conducted be-
tween 0800 and 1200 hours, Jocal standard time,
when all species are least mobile and pairs and
Jone drakes are most likely to be on their waiting
sites. As few birds as possible should be fushed.
Any birds taking flight should be visvally fol-
Jowed to locate their points of Janding. These
birds are then subtracted from counts if they land
on ponds yet to be censused or zdded if they
alight on already enumeraied potholes. Birds
flucshing at some distance {rom the observer
should be recorded as unidentified ducks.

3. Census should be conducted opn sunny or
bright, but not heavily overcast days, with tem-
peratures above 40°F and with winds not in
excess of 15 mph, beczuse rain, heavy cloud
cover, Jow temperatures and high winds all affect
mobility, dispersion, and visibility of ducks (see
Diem and Lu, 1960). Winds increase in velocity



in the Canadian prairies in afternoons. Mic-
mornings present more optimum counting and
Jight conditions. Counts should be conducied from
the south or east_edge of ponds to avoid difficul-
ties in identification caused by backhchtmg and
-water reflecting sunlight. Replicate counts should
be made at the same time of day during the
optimum census period, over the same route and
under approximately similar weather conditions.

4. To obtain adequate estimates more than
ope census should be taken at the optimum
period for each species and an average of four
to six counts be used rather than maximum or
minimum counts of each species. Accuracy and
precision are both increased with multiple counts.
Average population figures taken from multiple
counts give some indication of the magnitude of
the error of estimates due to mobility of drakes
apd the femporary absence of drakes from their
waiting sites.

5. Because a single census cap pot adequately
measure populations of early nesters (mallard

and pintail), intermediate nesters (widgeon and

shoveler), or late nesters (gadwall and blue-
winged teal), 2 minimum of two different
censuses must be conducled _in the grasslands to

& sample a multiple-species breedmg “population.

I

Under the conditions studied from 1956 through
1959, censuses of mallards and pintails made
between May 8 and 20 and censuses of widgeon,
shoveler, gadwall, and blue-winged teal made
between May 25 and June 5 adequately sampled
breeding populations for determination of yearly
trends. Counts made after these dates tended to
underestimate breeding pairs when drakes aban-
don home ranges or to overestimate populations
when small, posibreeding focks of drakes moved
into the region. Drakes whose hens are incu-
bating congregate and may wander away {rom
thelr home ranges, beyond the boundaries of the

study area. Sl

Where only a single census can be conducted,
“average” vear (i.e.,
in nesting effort)

the opiimum period in an

one with po bimodal peaks
could be described as approximately a we
the first mallard or pintail broods are observed
znd while most of the interinediate and late nesters
are in the prenesting, laying, or incubation stages.
At Kindersley May 15 to 25 seemed most suit-
eble to estimate early breeders and Jate breeders.
Single censuses conducted after May 20 will iend

to vnderestimate the mallard and pintail segment

as some drakes have Jeft

ek before

the breeding home
ranges. For the intermediate and lale nesters,
single counts taken as early as May 15 may not
assess Jate migrants. Censuses. of mallard and
pintails taken after May 31 tend to overestimate
the population if small groups of five or Jess post-
breeding drakes congregate on favoured loafing
sites and are counted as indicated pairs and not
as postbreeding males. Censuses may be biased
in years of extended nesting. When breeding sea-
sons are staggered, with the first broods appear-
ing when the late breeding pairs are initiating
their first nests, some drakes have already aban-
doned home ranges. Two separale censuses may
have 1o be undertaken in years when cold spells
protract the breeding sezson.

6. All censuses should be conducted {rom a
vehicle which is driven to a point overlooking
each pond, but not close enough to fiush birds.
To assure that all birds are visible and not sleep-
ing on shore some minor commotion, slamrming
of car door or sounding of horn, should be used
to alert them. Counts should be conducted in
vegetated ponds before new growth becomes
dense. In late June, birds may have to be flushed
by walking through ponds choked with emergents.

7. All lone pairs and Jone drakes should be
considered resident, indicated pairs if they are
spaced 15 or more feet from other pairs. Before
the start of nesting in April and again in Jupe,
all aggregated pairs are to be considered migrants,
displaced birds, or postbreeding groups. Lone
females are not to be considered pairs. Practically
all dabbler hens are paired and disassociation of
drake and ben is invariably temporary. Late June
and July counts of lone hens, after drakes have
left the breeding grounds, may be used as evidence
of incubation and continued breeding but because
of variable daily recess periods among hens, no
estimate of total number of hens incubating cap
be made from single censuses tzken during one
time interval of the day. The epumerzation of
Jone hens as indicated breeding pair s} uld be
restricted to uncommeoen or rare breeding species,
e.g., at Kindersley, green-winged ‘uaal made up
Jess than 1 per cent of the breeding population.
Lone hens found over ope-half mile {rom th
nearest drake of an uncommon breedin
could be assessed 2s a2 pair.

8. All groupi vg_ of males from 2 to 10 should
i ept for the

be considered indicaied pairs exc

lowing sUpu}ahons:
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(2) Meallard and pintail grouped drakes of up
to 10 should be considered resident pairs until
approximately 1 week before the first two to
three broods are observed, i.e., about May 20
at Kindersley. Thereafter, to the first week of
July, only groups of five or Jess should be con-
sidered resident pairs. Stage of body moult and
behbaviour may aid in separation of apparent
breeding drakes and those in postbreeding flocks.
Prior to mid-incubation, groups of two to five,
inclusive, maied mallard drakes can be considered
the same as Jone males on waiting sites, as periodic
shifts toward aggregation and then dispersion
occur during the day.

(b) Widgeon and shoveler grouped drzkes of
five or Jess in number should be considered
resident pairs until the first appearance of two or
three broods, i.e., approximately June 5 at Kin-
dersley. Rarely do mated drakes of these species
associate before their hens are in mid-incubation.
1f grouped drakes are observed before May 10
they are invariably unmated but corrections for
these individuals can be made using the prebreed-
ing sex ratio.

(¢) Gadwall and blue-winged teal grouped
drakes of five or less should be considered resi-
dent pairs until the first appearance of broods, i.e.,
about June 15 at Kindersley. Again, rarely do
drakes of these species associate before their hens
are in mid-incubation. Grouped drakes observed
before May 15 are usually unmated, although an
unmated blue-winged teal drake may occasjonally
associate with a pair or with a mated drake.

The validity of those dates depends on time of
spring migration and time of nesting of each
species. They can be either 1 or 2 weeks earlier
or Jater depending on nest chronology. For mal-
Jards znd pintails, counts might be initiated 2
10 3 weeks gfter the first hens begin to lay in
mid-April. For intermediate and late breeding
dzbblers, counts should be started 1 to 2 weeks
after the first clutches are noted. An atiempt
should be made to complele counts before the first
nesting hens of any species are in their third
week of incubation.

9. Drakes in groupings of 2 to 30 males and
,in group flights associated with courtship
) or atiempled rape flights (i.e., aerial
temporarily on ponds) should be con-

t pairs as both mated znd vnmated
join such fights. Groupings of several
soregations of five or more males and

two females in apparent postbreeding groups
(usually afier June 1) should not be enumeraied
as resident pairs. A drake initiating a three-bird
flight (“territorial chase™) from a pond should be
considered a resident pair .even though he may
land elsewhere (see Dzubin, 1957; Lebret, 1961;
and McKinney, 1965, for descriptions of all
aerial flights). Drakes or pairs fying over an
area are not to be counted as resident pairs.

10. Becauvse an unknown, but apparently large,
proportion of unmated males remain on the breed-
ing grounds and because sex ratios of all dabbler
species are unbalanced toward males, a correction
factor should be used to reduce the error arising
when all drakes are considered potential pairs.
Provided all Jone and grouped drakes are counted
as pars (under 8§ and 9, above) a correction
factor to account for unmated males should be
appbed. Such factors based on prelaying sex
ratios for each species as given in this paper
(Table 3) and by Bellrose er al. (1961) should
be utilized to obtain a “‘sex ratio corrected popu-
Jation”. Sex ratios may fluctuate yearly and may
also be different in pond and large marsh habitats.
Hammond (in lirt.) has shown that sex ratios of
mallards and pintails can vary yearly, especially
following a poor production year, e.g., 1961. An
attempt should be made to gather these ratios
vearly in each census region. Sex ratio corrected
populations are important in determining accurate
productivity rates of pairs. If sex ratios do not
appear to vary yearly in one habitat type, uncor-
rected indicated pair figures can be used for de-
termining trends on transects. In summary, all
dabbler drakes should be enumerated as indicated
pairs but a sex ratio correction factor should
then be applied to account for the unmated seg-
ment of the breeding population.

11. Enumeration of populations of divers (i.e.,
Aythya sp.) 1s complicated by unbalanced sex
ratios and the congregation of breeding pairs on
deep ponds used as preferred waiting sites. Al-
though dispersal, through periodic movements of
diver breeding pairs to nearby ponds to nest,
does occur, divers show cobniagious and non-
random distnibution patterns. For portions of
any day through the breeding season, diver pairs
and drakes are found loosely associated. Canvas-
back and redhead (and to a minor extent, Jesser
scaup) are also highly mobile during the breed-
ing season, the maximum extent of the home
range being some 2 to 4 miles. Unless counts
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of =zll preferred waiting sites are made on a
study block and consideration given to home
range sizes, census of divers will be inconsisient.
A!so, as Weller (1959) has pointed out, a vary-
ing proporuon of redhead hens are completely
rasitic and do not Jay in their own nests. They
g'n 1herexore not be considered true breed-
ing pairs. With divers, only visible pairs or lone

es }\nov\n by their behaviour to be on wait-

pa

drak
ine sites should be enumersted as

and all pond-emergents plus nearby shrub up-
Jands for canvasback, redhead, and ruddy duck.
For block-type study areas ] concluded that a
etter estimate of diver populations could be
made during the mid- to Jate incubation period
of the early nesting pairs, through enumeration
of nests, including all those which are viable,

indicated
pairs. Nest cover searches should encompass all |
pond-edge and upland habitats for Jesser scaup |

hatched, or destroved. e

As with divers, ruddy ducks are best enumer-
ated by nest counts as their secretive habits do
not lend themselves to accurate ground census.
Also, some pairs appear to be nonbreeding,
summering birds. It is acknowledged that nesting
studies can also tend to distort estimated popu-
Jation sizes per unit area as Jocalization of prime
nesting cover may attract hens from 1 to 2 miles
away. Also, all nests may not be Jocated and
some Jate nesting pairs may be considered re-
nesters. Enumeration of observed pairs and Jone
drzkes on waijting sites should be used to comple-
ment nest counts and aid in estimating pair num-
bers. 1 suggest that census errors are smaller using
nest estimates than those obtained from a ground
count of indicated pairs which includes all
drzkes. Where nesting studies are not feasible
the enumeration of all diver pairs and drakes
and subseguent” correction of these estimates
with prebreeding sex ratios may give crude popu-
Jation estimates useful in measuring trends
(Murdy, 1962). On block areas, Jone diver hens
need not be assessed as indicated pairs as they
are invariably mated with a nearby drake, which
may be epuineraied as a Jone male on a waiting
site )

Censuses can be further complicated by bi-
modal nesting pezks which refiect April or early
May cold snaps, by difierential and late migra-
tions Gue 1o inclement weather factors south of
the breeding grounds, and by major shifts of

transient pairs in mid-breeding season {rom

drought-stricken areas. Although measures of an
influx of late migrants can be made, their breed-
ing status while on a study area is still unclear.
At present, little measure can be made of per-
centage of such pairs which have already at-
tempted to nest and are nonbreeders. On the
basis of species behaviour and examination of
gonads, few nonbreeding pairs were found in the
parkland habitat but more were noted in the
grasslands in drought vears. Also, no szdequate
estimates have yet been made of the seasonal
turn-over of breeding pairs on an area (Smith
and Hzwkins, 1947, Ellig, 1955). Presently uti-
lized counts aid in estimating maximum popula-
tions during one time period only, whereas in a
dynamic breeding population the actual number
attempting to breed on one area may be much
higher if the total seasonal population is con-
sidered. Mortality of hens and drakes on the
breeding ground 1s Jargely unknown. Keith
(1961: 44) estimated a summer mortality of
Jess than two per cent for males and eight per
cent for females of all species. If these are repre-
sentative figures, pair estimaies should be further
correcied to account for summer mortality of
adults. In all, waterfow] censuses which atiempt
to measure absolute numbers of breeding pairs
vtilizing 2 unit of habitat through the spring and
summer remain inexact, but closer approxima-
tions can be made of resident pair numbers by
studying species behaviour, noting nesting phe-
nology, and utilizing the above recommendations.

Parkland
As previously noted, two different methods were
used to arrive at dabbler population estimates on
the grassland and parkland study areas. In the
grassland, penodic counts were averaged and a
sex-ratjio correction factor applied to account for
unmated males. In the parkland, fewer direct
counts were made but many ponds were visited
daily, which led to a more intimate knowledge of
pairs and species using a particular portion of
the block. Pair numbers were assigned to the
block if pairs were observed on or near a par-
ticular pond during three out of four censuses.
The minimum block size, its configuration, pair
numbers, species make-up, pond numbers, vege-
vired 1o obtain statistically
for sccurately measuring yearly
tion size are still Jargely un-
1 of 1 1o 2 square miles have the
guickly censused and are most
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i amenable to replication of countis but the assess- the biock. By observing pair behaviour and
2 i ment of pairs is subject to wide sampling ersor and mobility and by Jocating nests, a better estimate
3 } various biases because of bird mobiliry, overlapping of resident pairs can be made. Such intense field
é i home ranges, and small sample sizes of each work requires that a worker confine his summer
i H species. On Jarger blocks of 10 sgquare miles or acuvities to only one block area. Objectives of
-3 § over, sample sizes are increased, but mobility on any study will determine the degree of accuracy
? : the edges still persists and no difierentiation be- or precision required of any population estimate.
_ § 4H tween late migrants and residents can be made. As in the grasslands, counts of diver "Drecdmg
i Many of the above grassland recommendations pair POPP]EUODS e comphcau?d by irregular
3 5 can be modified for use on small sample plots of congregations of drakes and FS a0 favoured
It parkland habitat, i.e., 600 to 900 acres containing areas. SﬁaSQNal counts Of. viable, halcbeq, or
3 5 50 to 100 pairs of 10 species per square mile. destroved diver nests obtained through periodic
 EI A weekly census of dabbling ducks on all ponds nest searches, supplementied by periodic counts
3 o1 of the area, throughout the breeding season, can of pairs and Jone drakes on waiting stations,
% E: be used 10 'dettrm;ne peak indicaleé num‘be;s of can be used 1o assess diver populations on a
£ il each species. Optimum census periods can then small block. Census of ruddy ducks is difficult
.§ 2%; be calculated for the early, intermediate, and Jate because of their secretive habitat and use of
% 3| breeders. For each of these three groups, counts C:on‘gregatmg ponds Dby ma'ted and Uﬂmafed
% %r i might be conducted daily, from 0800 to 1200 drakes. A nu.mber of hens arrive on the breeding
% 4 hours, for 4 or 5 successive days and all pairs, ground unpaired. Early morning (0400 to 0600

S.ur.;.".}q

hours) and late evening (1900 to 2100 hours)

o Jone drakes, grouped drakes, aerial flights on
3l ponds, Jone hens, and aggregated pairs or mixed- counts on preferred congregating and pesting
g | sex groups be plotited on a base map. Such data ponds, in which the observer quietly watiches
EXE one pond for one-half to 1 hour, can be used to
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can be used to determine any localization of
acuvity of indicated pairs. As noted under grass-
land recommendations, migration and nesting
chronology vary with species. Counts of mallards
and pintails should be conducted 2 weeks before
those of other dabblers, usually in early or mid-
May, i.e., about 2 to 3 weeks after the first hens
start to lay. All counts can then be used to aid
in estimating breeding pair abundance of dabblers,

assess breeding pair numbers. Again, a nesting
siudy should complement any census.
Behaviour and census

Waterfowl] census, although requiring an appre-
ciation of statistical methods and an adequate
knowledge of species biology, also requires an
intimate knowledge of species behaviour under
a variety of population densities and environ-
mental conditions. The decision whether to in-

EE if the assumption is made that the average indi-

1 ¥ : . ; :

31 cated population taken from four or five counts clude a group of drakes and a single ben of an
3 aerial fiight temporarily on a pond or a group
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during the optimum census period is in fact an
accurate representation of the seasonal breeding
population, 1f Jate migrant pairs are noted moving
into the area through the summer, periodic counts
from Apri) through July may be necessary.

It should be recognized that any counts con-
ducted over a 5- to 7-day penod will not
adequately 2ssess the seasonal turp-over of pairs
on 2 block and will not measure Jate season
migrants or breeders. Peak indicated populations
may occur in June, after late season influxes of
pairs (Jessen, Lindmeier, and Farmes, 1964;
Evans and Black, 1956; Kirsch, in lirz.). More
accurate estimates of breeding pairs on small
areas can be made by use of the above
supplemented by an

recommendations
intimate sczsonal knowledge of the behaviour,
biology, and pesting success of each pair using

of pairs, in the potential breeding pair column
of a census sheet, will depend on how well the
census-iaker kpows the seasonal behaviour of
each species. Waterfowl census then becomes, in
part, an art jor those knowledgeable workers
who can appreciate key atiack, sexual, and
escape patierns in drakes and hens and apply
such observations to decisions as to whether to
include a bird, ap aernal fiight, or group of birds
count. Similar sentiments have been echoed

s and Balph (1965) who stress the need
for an appreciation of species behaviour for a
better understanding of all population ecology
phenomena and by Diem and Lu (1960) who
point out that “accurate inferpretation of census
data requires more basic knowledge of ithe be-
haviour and physiology of the individuval bird”.

et s g



Today, waterfow] censusing remains highly
subjective. Counts made by two workers are not
strictly comparable for the same or different
areas: Census-takers, themselves, can help infuse
more objectivity into counts. Recognition of
ducks must be instantaneous. They should also
be able 10 determine by sample counts of pair,
Jone Grake, and grouped bird ratios, the optimum
census periods. They should readily recognize
any bizses and potential sampling errors involved.
Accuracy and precision of estimates can, in Jarge
part, be a refiection of the knowledge and mental
alertness of the individual conducting the census.

Seasonal counts and periodic replication of
A high degree of accuracy and precision is justi-
fiable on special study areas from which pair
population estimates are used to calculate the
true number of pairs successful in producing
broods. Also, increased precision Jleads to the
better detection of the effects of various limiting
factors, however minor, on final production.
Valid comparison of results of work in various
habitat types is facilitated by data with known
sampling errors and variability. Statistically
describable estimates of seasonal breeding popu-
lations based on proven census technigues still
remain a basic need of most waterfow] research
and management programs.

Supplementary data required

Waterfow] breeding pair census will become
more meaningful as data become available on
the following topics:

1. The proportion of any pair population
which is nonbreeding and the climatic, density,
or hebitat factors which Jead to nonbreeding:
do all }’ea[]ing Jesser scaup and Jate-hatched
mallards of the.previous vear nest? If they do
breed, are they late nesters?

2. Duration of the pair bond in seasons of
varving phenology: how Jong does the “average”
drake of each species remaln on his activity
cenire and when dJdo drakes abandon home
ranges, ie., how Jong are drakes available for
counting as indicated pairs? Does site attachment
¢th change with increasing density?

o

3. Mobility radi and home range sizes of Jone
, pawrs, and grouped drekes: how does
pond density and availzability of breeding requi-
sites in each habitat affect home range and
aciivily centre size? What are the daily and

sezsonal patierns of activity for each species and
each population component? How do daily
activity patterns of Jone or grouped drakes affect
spatial distribution and census?

4. Yearly prelaying sex ratios of all species
on the breeding grounds: what is a statistically
adequate sample 10 describe prelaying sex ratios
of a species? How Jong is the period of residence
of unmated drakes on nesuing grounds snd when
do they Jeave for moulting marshes? Do unmated
drakes migrate earlier or later than mated ones?

5. Turn-over rates of Jocal populations and
the adeguate census of 1otal seasonal popula-
tions: should indicated pair population estimates
obtained in early May be added to mid-June
estimates 1o account for delayed nesting by late
migrants, vearlings, and shifting populations?
Does the maximum or mean pair population
counted during one 3-week period of a 23-
month-long breeding scason adequately assess
breeding populations actually breeding on a
block or transect?

6. The effect of nonrandom and contagious
distribution patterns of ponds, pairs, Jone drakes
and aggregated drakes, on sampling procedures:
how do periods of intense spacing activity fol-
lowed by increased sociability of drakes affect
pair and drake distribution and their countabil-
ity on strips or blocks of habitat?

7. Length of breeding home range residence
of pairs which have lost clutches: preliminary
observations indicate that some mallard pairs
may remain on or near their home range for
periods up to 3 weeks after their clutch 1s
destroved. These pairs make no atiempt to re-
pest in this interval, and may never renest, but
they are enumerated as indicated breeding pairs.

As early as 1951, Murdy (1953) stressed that
a number of variations of waterfowl activity pat-
terns afiected census results: (1) some pairs
nade only one nesting attempt, while others made
several, (2) some pairs of ‘2 species completed
cluiches before others had settled, (3) nesting
was asynchronous among species, with pintail
drakes deserting hens before blue-winged teal
had dispersed for nesting, (4) paired birds were
more conspicuous and behaved differently than
akes which bhad deserted hens, (5) shift-
ducks from drought areas during the cen-
interval influenced counts. These same prob-
re still with us today.

223
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Thirty vears afier the publication of Bennett's
(1938 ) census recommendations, wateriow] biol-
ogists are still using methods which are not being
consiantly challenged, improved, and tested. Field
workers have commendably adapted recom-

mended census methods to varying habitat condi-
tions but 1oo few of them have published or
tesied their counting iechnigues. Mcaningful com-
pericons of results of studies by 1wo workers using
dificrent methods, with varying error estiiates,
are almost impossible to make. Apparent difier-
ences of vearly estimaies may be due more 1o
variations in census methods than to actual popu-
lation status (Diem and Lu, 1960). Although
trend data obtained from population indices are
sufficiendy accurate for vearly management pur-
poses (Crissey, 1957), trends are not adequate
for precise measures and descriptions of specms

popuanon oxnamlcs

Summary
From 1952 to 1959, various seasonal counts and

census iechniques were utilized to obtain esti-
mates of breeding populations of ducks on an
895-acre study block in the parklands of Mani-
tobz and a 6,720-acre area in the grasslands of
Seskatchewan. It was determined that:

Pintails and mallards arrived first on both
areas during the last week of March or first week
of Apnl. Later arrivals through mid-April in-
cluded widgeon, green-winged teal, shoveler, gad-
~wall, and blue-winged teal. Redheads, canvas-
back, and lesser scaup generally migraied during
mid-April. Ruddy ducks were the last to arrive
in Jate April.

2. Spring sex ratio counts showed various
degrees df imbalance toward males. Of dabbler
widgeon showed the Jeast dispy'Opc»rnonate pre-
Jaying sex ratio, 108:100, while blue-winged teal
showed the greatest, 120:100. All divers showed
arked ratios in favour of males, from z Jow
4:100 for redheads to 172:100 for ruddy
ducks. No marked vearly variations in sex raiios
were noted, although samples were small.

3. The parkland block contzined 2 4-year av-
1952 to 1955, population of 75 pairs
"bb}ers and 20 pairs of divers. It enclosed
sins per square mile. The g
anop a\craoed 50 pairs o

(i PR
&

on the gressland Mallards were thez most
common breeders on both areas. Nonbreeding
lesser scaup were recorded on the grassland block
during drought vears, 1957 10 1959. P

4. Each year, jor every species, there is an
optimum census period in which the greatest pro-

ding pairs show ues with
sctivity Jocalhization. These

area.

portion of poiential bree
specific pond sites. ie.,
periods vary vearly with ume of migralion, spring
weather, However, num-
bers of early and late nesiing pairs may cither
have abzndoned or not vet settled on breeding
areas at the time of the opiimum census interval.
Therefore, counls during intervel may not
adequately measure the over-all sczsonal popu-
Jation breeding in & unit of habitat. A single spring
count cannotl adequately assess all pairs of a
muluple breeding peopulation with asvnchronous
nesiing periods. Two and occasionally three
counts may be necessary to enumerate early,
intermediate and late breeding species.

From 1956 10 1959, the optimum census period
for mallards and pintails in grassland habitat was
May & to 20; for widgeon and shoveler May 20
to June 5; and for gadwall and blue-winged teal
May 25 to June 10. During these intervals in-
dicated pair populations showed the Jeast fiuctua-
tion. Estimates of diver populations should be
based on a nesting study, supplemented by counts
of observed pairs and Jone drakes on waiting sta-
tions. A number of recommendations are given
elsewhere in the paper for conducting census on
grassland and parkland study plots. In grass-
lands, breeding waterfow] counts should be made
{from 0800 to 1200 hours, when winds are less
mph znd temperatures above 40°F.
imporiant poiential source of error
s iechniques is
{ mellard and
ted breeding

and nesiing phenology.

this

than 15

5. The most
in presenty used waieriowl censu
the nonenumeration of groups
piniail drakes of five or less as indica
P } drakes of other dabbler species do
vation period of
Another

O

& until the mid-incub
their hens, this error becomes minor.

jor source of error is the enumeration of un-
mated males as poiential breeding pairs. Pair,
lone drzke, and grouped drake components should
be enumeraied as indicaied pairs for all dabbler
species. Thf: resuliant pair ficure should be cor-
unmated male segmient by applving

ratio correction jacior. Grouped

recied for the

2 p elaying sex-
drake cozupcnsms Wwere common in maliard and
pintail populations and refiect weak pair bond and



site attachments of drakes during the early incu-
bation period of hens. For widgeon, shoveler,
gadwzll, and Dblue-winged teal, rarely were
erouped drakes seen until mid- and Jate incubatjon
as these species have stronger site attachment and
pair bonds. Replicate counts on the grassland
area, whether taken by walking or from 2 vehicle,
showed marked consisiency of estimates for mal-
}ards but Jarge coefficients of variability for other
species.

6. Pair, Jone drake, and grouped drake com-
ponents of a censused population change ‘sezson-
ally and throughout the day. In a mallard popu-
lation. in which most pairs were laying or in the
early incubation stages, counts made periodically
throughout a day showed differences in com-
ponents enumerated with each census. Few pairs
were recorded on censuses started at 0530 hours
but increasing numbers were seen at 0800, 1300,
and 1530 hours with a maximum after 1800
hours. During the same censuses, there were de-
creasing numbers of both Jone drake and grouped
drake components seen through the day, after
morning peaks at 0530 hours. As more pairs
seached the early and mid-incubation stages,
fewer Jone males and more grouped drakes up
to five in number were recorded.

7. There are no published, standardized
methods recognized to enumerate indicated duck
pairs in all habitats, nor to estimate pair num-
bers accurately from direct count data. Presently
vsed aerial census methods, through which vearly
trend data are gathered, are not sufficiently refined
for use in intensive studies of population dy-
namics. Companson of results of studies that use
different population components and have no sex
ratjo correctibn on estimates is nearly impossible
1o mzke. An ureent need exists for more testing
of esumate varances and evaluating the magni-
iuvde of sampling errors and biases in pair popula-
ijon estimates.

8. Waterfowl pair estimation techniques re-
main 1nexact. Presently vsed methods crudely

ss populations during a very narrow time
period but do not measure weekly turn-over rates
populations. Amn zpparently insur-
ble problem exists in atiempts 1o count all
-cies breeding on a :2‘\13 unit
veh June. With an exiended breed-
which first arriving pairs }
have zbzndoned home rang
ocalize their activity and

spe
i
O

f'\ fr‘
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=
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nesting. zsszssment of populations may uliimately
be based on iwo Separate counts that are added.
The presence of renesting pairs further compli-
cates results obiained {rom adding May and June
counts. Laie migramis or drought-displaced pairs
mioving into an azrea in June are stull not
adeguately assessed. A further need exists for
more intensive studies of the behaviour, biology,
and physiclogy of pairs and how these faciors
rejate to acuvity, mobility, and wisibility of birds.
What is ultimately required is a field method to
scparate and assess nonbreeding, renesting, early
breeding, and late breeding pairs.

9. Where (1) spring weather afi
tracic nesung phenology, (2) late arrivzls do not
inivate nesung untll mid-June, and (3) vegeta-
tion makes observation of pairs difficull, 2ssess-
ment of populations may better be accomplished
indirectly. Intensive nesting studies and accurate
mezsures of brood production can be used 1o
estimate original pair numbers. A composite of
methods 1o arrive at population indices may be
required in same habitats. In all, the precision
obtained in population estimates will depend on
the intensity of coverage and the degree of
accuracy required 1o fulfill the objectives.

Oor pro-
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