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Abstract

In the present report we address questions about winter distribution patterns and sur-
vival rates of North American mallards, Anas platyrhynchos. Inferences are based on
analyses of banding and recovery data from both winter and preseason banding periods.
The primary wintering range of the mallard was divided into 45 minor reference areas
and 15 major reference areas which were used to summarize winter banding data. Descrip-
tive tables and figures on the recovery distributions of winter-banded mallards are
presented.

Using winter recoveries of preseason-banded mallards, we found apparent differences
between recovery distributions of young versus adult birds from the same breeding ground
reference areas. However, we found no sex-specific differences in winter recovery distribu-
tion patterns. Winter recovery distributions of preseason-banded birds also provided
evidence that mallards exhibited some degree of year-to-year variation in wintering ground
location. The age- and sex-specificity of such variation was tested using winter recoveries
of winter-banded birds, and results indicated that subadult (first year) birds were less
likely to return to the same wintering grounds the following year than adults. Winter
recovery distributions of preseason-banded mallards during 1950-58 differed from distribu-
tions in 1966-76. These differences could have resulted from either true distributional
shifts or geographic changes in hunting pressure.

Survival and recovery rates were estimated from winter banding data. We found no
evidence of differences in survival or recovery rates between subadult and adult mallards.
Thus, the substantial difference between survival rates of preseason-banded young and
adult mallards must result almost entirely from higher mortality of young birds during
the approximate period, August-January. Male mallards showed higher survival rates
than females, corroborating inferences based on preseason data. Tests with winter band-
ing and band recovery data indicated some degree of year-to-year variation in both sur-
vival and recovery rates, a result again consistent with inferences from preseason data.
Some evidence indicated geographic variation in survival rates; however, there were no
consistent directional differences between survival rates of mallards from adjacent northern
versus southern areas, or eastern versus western areas. In some comparisons, Central
Flyway mallards exhibited slightly higher survival rates than mallards from other flyways.



Weighted mean estimates of continental survival rates were computed for the period
1960-77 from both winter banding data and preseason bandings of adults. Resulting
estimates differed significantly for males, but not for females, and the magnitude of
the difference between point estimates was relatively small, even for males. The direc-
tion of the difference between these estimates was predicted correctly from previous
work on the effects of heterogeneous survival and recovery rates on band recovery model
estimates. The similarity of survival estimates from these two independent data sets
supports the belief that biases in these estimates are relatively small.

The Fish and Wildlife Service, in cooperation
with the Canadian Wildlife Service, various State
and Provincial wildlife and conservation depart-
ments, and private individuals, coordinates a
number of extensive data collection programs
directed at North American waterfowl popula-
tions. These programs were initiated as early as
the 1920’s (large-scale banding of mallards) and
1930’s (annual winter surveys), and the most
recent (Waterfowl Parts Collection Survey)
became fully operational in 1961 (see Anderson
and Henny 1972 for a history of these programs
and Martin et al. 1979 for a recent description of
them). Data resulting from these programs are
used annually to assess population status and to
guide decisions about management actions (e.g.,
setting annual hunting regulations). When such
data are accumulated for a number of years, they
can also be used to begin to address questions
about the dynamics of waterfowl populations and
the factors associated with variation in population
parameters.

In the late 1960’s researchers at the Fish and
Wildlife Service Migratory Bird Populations
Station in Laurel, Maryland, began work on a set
of extensive analyses using the data which had
been accumulated for the North American mallard,
Anas platyrhynchos. The team of researchers, led
by David R. Anderson, set seven objectives for
their analyses (Anderson and Henny 1972). These
objectives incorporated a number of different
questions which required analysis of several dif-
ferent data bases. One of the reports relied heav-
ily on data from the May Breeding Ground Survey
and the July Production Survey (Pospahala et al.
1974), one relied primarily on data from the Water-
fowl Harvest Survey, the Parts Collection Survey,
and the Hunter Performance Survey (Martin and
Carney 1977), and four relied on data from pre-
season bandings and band recoveries (Anderson
and Henny 1972; Anderson 1975; Anderson and
Burnham 1976; Munro and Kimball 1982). The
only extensive data base on North American
mallards that has not been analyzed in these seven

reports is the information on winter or postseason
bandings and band recoveries. These data form the
basis for much of the present report. Other
workers have used portions of the data reported
here to examine recovery distributions, survival
rates, and recovery rates of mallards banded dur-
ing winter in selected geographic areas or time
periods (Martinson 1966; Merrill 1967; Drewien
1968; Geis et al. 1969; Geis 1971; Funk et al. 1971;
Hopper et al. 1978; Hyland and Gabig 1980;
Rakestraw 1981).

We had four general objectives for our analyses
and these correspond to four major sections of this
report. The first objective was to develop a set of
winter reference areas and to present descriptive
data on band recovery distributions for mallards
banded in these areas. Banding analyses based on
data from individual banding stations are simply
not practical (Anderson and Henny 1972), and it
is necessary to delineate reference areas for use in
summarizing banding data. These reference areas
should be delineated so that birds banded within
them exhibit similar band recovery distributions
{(and, by inference, movement patterns) and demo-
graphic characteristics (e.g., survival and recovery
rates). Descriptive data on band recovery distribu-
tions of birds banded in these areas provide a good
general picture of migration pathways, breeding
grounds, and possible alternative wintering loca-
tions associated with the wintering ground ref-
erence areas.

The second objective was to draw inferences
about certain potential sources of variation in
winter distribution patterns of mallards. Specifi-
cally, we used tests with band recovery distribu-
tions to address hypotheses about age- and sex-
specific variation, year-to-year variation and long-
term temporal variation in winter distribution
patterns of mallards.

The third objective was to estimate survival and
recovery rates of winter-banded mallards and to
investigate potential sources of variation in these
rates. Hypotheses about sex-specific variation and
temporal variation in these rates have previously



been addressed using preseason banding and
associated recovery data (Anderson 1975). We
tested these same hypotheses using winter band-
ing data in order to check the consistency of the
results from these two independent data sources
and to help us select the appropriate band recovery
models and age-sex groupings to use in our other
analyses. We also tested hypotheses about age-
specific and geographic variation in survival and
recovery rates that permit inferences unique to
winter banding data.

The fourth objective was much more specific
than the others and involved a comparison of sur-
vival rate estimates based on preseason and winter
banding data. Work on animal population dyna-
mics rarely permits the estimation of the same
parameter using two extensive, but completely
independent, data bases. We thus obtained con-
tinental estimates of mallard survival rates using
both preseason and winter banding data and
tested the hypothesis of no difference.

Finally, we note that while results associated
with these four objectives provide ample material
for this report, we have certainly not exhausted
the questions that can and should be addressed
using winter banding data. Despite recent interest,
there remain outstanding questions concerning the
ecology of waterfowl on the wintering grounds
(Anderson and Batt 1983), and several of these can
be addressed with winter banding data. As
indicated previously, four of the seven reports in
this series have used preseason banding and
recovery data as their principal data source, and
we have not attempted to duplicate all of these
analyses using winter banding data. For example,
although we present descriptive data on band
recovery distributions and address questions
about winter distribution patterns, we do not
attempt an analysis of the distribution and deriva-
tion of the mallard harvest based on winter band-
ings, as was done with preseason data by Munro
and Kimball (1982).

Analyses associated with the second and third
objectives of our report led to inferences that both
winter distribution patterns and survival rates of
winter-banded mallards exhibited some degree of
variation from year to year. Some of the most
interesting questions in animal population ecology
involve the investigation of environmental and
other factors that may be associated with such
yearly variation. For example, survival rates esti-
mated from preseason banding data have been

used to test hypotheses about whether variation
in mallard survival is associated with variation in
harvest rates (Anderson and Burnham 1976;
Rogers et al. 1979; Anderson et al. 1982; Nichols
and Hines 1982 Burnham and Anderson 1984;
Burnham et al. 1984), population size (Anderson
1975), brood size (Anderson 1975), and several
environmental variables (Anderson 1975; Nichols
et al. 1982a). We are continuing this type of work
using both preseason and winter banding data. We
have also investigated factors associated with tem-
poral variation in winter distribution patterns
(Nichols et al. 1983).

Terminology and Definitions

The following terminology and definitions are
not claimed to represent any sort of consensus
among waterfowl biologists. Instead, they are
“operational” in nature and apply strictly to this
report.

Age at banding:

Preseason banding.

Adult—a bird known to have hatched before
the calendar year of banding.

Young—a bird known to have hatched in the
calendar year of banding. This category
includes birds in the “juvenile,” “local,” and
“immature” categories of Anderson and
Henny (1972).

Winter banding.

Adult—a bird known to have hatched during
some reproductive season prior to the most
recent one and, thus, to have been exposed to
two or more hunting seasons (i.e., a bird
greater than 1 year old).

Subadult—a bird known to have hatched dur-
ing the most recent reproductive season and,
thus, to have been exposed only to its first
hunting season (i.e., a bird less than 1 year
old).

Banding period:

Preseason banding period—1 July through

30 September.

Winter (postseason) banding period—1 January

through 28 (or 29) February. In some areas of

the United States, relatively large numbers of
mallards are banded during December. We
restricted our analyses to January-February
birds because the band recovery models used to



estimate survival rates assume that banding
takes place over a time period which is short,
relative to the interval over which survival rate
is to be estimated (Brownie et al. 1978). Mor-
tality during the banding period is undesirable
when using these models, and the winter has
been hypothesized to be a period of possible high
mallard mortality. Therefore, we were conserv-
ative and chose to restrict our analyses to the
two months of greatest winter banding activity.
This choice is also consistent with earlier con-
tinental analyses of winter-banded mallards
(Geis 1971).

Hunting season (year {)—1 September (year
t) through 15 February (year t+1). Except for
some specific analyses using the winter recovery
period, all analyses and tabulations in this
report are based on recoveries occurring during
the entire hunting season. ,

Hunting season shot (HSS) code—the number
of the hunting season in which a bird is shot,
where complete hunting seasons are numbered
consecutively from the time of banding. A bird
banded during either the winter or preseason
banding period of year ¢ and recovered in the
hunting season of year ¢, is denoted HSS-1. A
bird banded during either banding period in year
t and recovered in the hunting season of year
t+1, is denoted HSS-2. A bird banded during
winter in year ¢ and recovered later that same
winter (i.e., in the hunting season of year ¢-1)
is not recovered in its first complete hunting
season and thus is denoted HSS-0.

Recovery—a banded bird reported to the Fish
and Wildlife Service Bird Banding Laboratory
(BBL) as shot or found dead.

Direct recovery—a banded bird recovered in
the first complete hunting season after banding
(HSS-1). Note that a bird banded in early
January of year ¢t and recovered later in that
same month (January of year ) is not recovered
in the first complete hunting season after band-
ing (the first complete hunting season would
extend from 1 September of year ¢ until 15
February of year ¢t+1). Such a recovery would
be designated as HSS-0 and not considered a
direct recovery. The hunting season of year ¢ is
considered to be the first complete hunting
season for birds banded preseason in year t,
regardless of the exact date of banding (e.g.,
even if banding occurs on 30 September).

Indirect recovery—a banded bird recovered in
any hunting season following the first complete
hunting season after banding (HSS-2,
HSS-3,...HSS-N).

Recovery rate—the probability that a banded
bird alive in the banding period of year ¢, will
be shot or found dead during the hunting season
of year t and its band reported to the BBL.
Recovery rates of birds banded preseason are
closely associated with the probability that a
bird will be shot during the hunting season,
given that it is alive at the beginning of the
season (Henny and Burnham 1976). Recovery
rates of birds banded preseason thus provide
useful indices of harvest rates (Anderson 1975)
and hunting intensity. In previous work,
recovery rates of winter-banded birds have often
been assumed to index harvest rates and hunt-
ing intensity also. However, recovery rates of
winter-banded birds can be thought of as the
product of two probabilities: the probability that
(1) a banded bird alive during the winter banding
period (January-February) of year ¢ will survive
until the beginning of the next hunting season
{i.e., until 1 September, year t) and (2) a bird will
be shot or found dead during that hunting
season and its band reported to BBL, given that
it is alive at the beginning of the season. Because
of this substantial suryival component, recovery
rates from winter-banded birds are not very
useful as indices of harvest rate or hunting
intensity (see related discussions in Nichols et
al. 1982b; Conroy and Eberhardt 1983).
Reference area—geographic areas used for sum-
marizing banding and band recovery data. These
areas represent groups of banding stations
whose banded samples exhibit similar recovery
distribution patterns. Preseason or breeding
ground reference areas were developed and
described by Anderson and Henny (1972).
Winter reference areas were developed by us for
use in this report.

Survival rate—the probability that a bird alive
at the approximate midpoint of the banding
period in year ¢t will survive until the midpoint
of the banding period in year t+1. Survival rate
estimates for preseason-banded birds thus apply
to the period 15 August, year t, to 15 August,
year t+1. Estimates for winter-banded birds
relate to the period 30 January, year ¢, to 30
January, year t+1.

Winter recovery period—1 December through 28



(or 29) February. This recovery period is used
only to address specific questions about winter
distribution patterns. It is not used in the
estimation of survival and recovery rates.

Sources of Data

We used banding and recovery records of ‘“nor-
mal wild”’ mallards banded during the preseason
and winter periods, 1914-1977. Recovery records
were further restricted to birds shot or found dead
during the hunting season, 1914-1978. We used
1,087,171 preseason bandings and 180,739
associated recoveries. Most of our analyses using
winter banding data were restricted to 874,493
bandings and 120,426 recoveries.

Winter Survey (in the text we indicate this
survey with capitalization to distinguish it from
other winter counts or estimates) data are used
descriptively to provide a general indication of
mallard abundance in wintering areas throughout
the United States. This survey was initiated in
1933 and is now conducted each January by Fish
and Wildlife Service personnel, assisted in the
United States by State conservation departments
and private individuals. In Canada, assistance is
provided by the Canadian Wildlife Service, and in
Mexico by the Direccion General de la Fauna
Silvestre. Winter Survey results are published in
the annual U.S. Fish and Wildlife Service Water-
fowl Status Reports (e.g., Voelzer et al. 1982).

General Methods
Reference Area Delineation

The grouping together of banding stations to
form winter reference areas was accomplished by
using methods similar to those described by
Anderson and Henny (1972) for preseason refer-
ence areas. We prepared more than 300 work maps
showing the distribution of recoveries, by degree
block, for each degree block in which mallards were
banded during winter, 1950-1977. We then
studied these degree block recovery distribution
maps for similarities and differences and, mainly
on the basis of this work, we constructed initial
groupings of degree blocks. In some instances, we
consulted the preseason recovery distribution
maps of Anderson and Henny (1972) during this
process. Although most of our emphasis in con-
structing these initial reference areas was on the

examination of recovery distribution maps, we also
considered both the political boundaries and the
amount of winter banding data available for pros-
pective areas. We then solicited comments and
criticisms about these initial reference areas from
the Fish and Wildlife Service Flyway Represent-
atives, State waterfowl biologists, and other
interested parties. We considered the suggested
changes and further studied the recovery distribu-
tion maps; in several instances, changes were
made. A final set of major and minor winter
reference areas was established in this manner.

Recovery Distribution Tests

One section of this report is devoted to testing
hypotheses about age-specific, sex-specific, and
temporal variation in winter recovery distribution
patterns of mallards. The specific methods and
data sources for each of these tests are described
in detail in that section. We frequently wanted to
test for differences between band recovery
distributions resulting from two different banded
samples (e.g., adult males versus adult females
banded in the same location at the same time). The
location of each recovery is defined by its latitude
and longitude (to the nearest 10-min coordinate),
and we thus needed a test of the hypothesis that
two bivariate samples belong to the same popula-
tion. In these situations, we transformed longitude
using the relation 1° longitude = (1° latitude)
(cos \), where A\ is the latitude (see Raisz 1962), and
used Mardia’s test (Mardia 1967; Wheeler and
Watson 1964; Mardia 1968, 1969a,b, 1972), treat-
ing ties as suggested by Robson (1968). Batschelet
(1972, 1978) has provided explanations of Mardia’s
test for a biological readership, and Nichols and
Haramis (1980) and Munro and Kimball (1982)
describe its use with band recovery distribution
data. For sufficient sample sizes, Mardia’s test
yields test statistics distributed as x2 with 2 df
under the null hypothesis.

Survival and Recovery Rate Estimation

Survival and recovery rates of winter-banded
mallards were estimated using banding and band
recovery data in conjunction with the models sum-
marized by Brownie et al. (1978; see also Seber
1970; Robson and Youngs 1971; Brownie and
Robson 1976). Discussions of these estimation
models for biologists are presented by Anderson



(1975) and Brownie et al. (1978). Reasons for
preferring these models to previous estimation
approaches used with waterfowl band recovery
data -are discussed by Eberhardt (1972), Seber
(1972), Anderson (1975), Anderson and Burnham
(1976) and Burnham and Anderson (1979). Like all
estimation models, those described by Brownie
et al. (1978) require a number of assumptions
(Brownie et al. 1978; Pollock and Raveling 1982).
Effects of specific assumption violations on re-
sulting estimates have been studied by Anderson
(1975), Nelson et al. (1980), Anderson and
Burnham (1980), Munro and Kimball (1982),
Pollock and Raveling (1982) and Nichols et al.
(1982b), and the estimators have been found to be
fairly robust to moderate deviations in several
assumptions. In the present study, we tested
several hypotheses about sources of variation in
survival and recovery rates. Some of these were
conducted by using tests between the different
models of Brownie et al. (1978). These tests are
referenced as they are used, and their test
statistics are generally distributed as x2. Other
tests involve contrasts of survival or recovery
rates estimated from two different samples (e.g.,
areas, age—-sex classes). These are conducted using
z statistics which are described by Brownie et al.
(1978) and distributed as Normal (0, 1) under the
null hypothesis.

Reference Areas

Fifteen major reference areas and, within these,
45 minor reference areas were identified for use
with mallard winter banding data (Table 1; Fig. 1).
Although some North American mallards winter
outside of these reference areas (Saunders and
Saunders 1981; Sugden et al. 1974), the reference
areas are believed to include >99% of the mallards
wintering in North America. Table 2 provides a
summary of numbers of mallards banded during
winter and numbers of resulting hunting-season
recoveries for the major reference areas and illus-
trates the substantial variation in available data
among these areas. Band recovery distribution
data (Appendix A) summarized by major (Figs. A-1
through A-15) and minor (Table A-1) reference areas
provide a general picture of the breeding ground
origins, migration routes, and alternate wintering
grounds of mallards wintering in these areas.

The following sections provide summary
descriptions of the major reference areas. These
include general inferences based on band recovery
distribution patterns, brief references to previous
investigations of wintering mallards in these areas,
and crude estimates of the proportions of North
American mallards reported in the Winter Survey
from these areas (1950-78).

Northwestern Pacific Flyway (20)

The Northwestern Pacific Flyway includes
Washington, Oregon, northern California, north-
western Nevada, and the southwestern corner of
British Columbia. On the average, about 9-13%
of the total mallards reported in the Winter Survey
during 1950-78 were found in this area. Band
recovery distribution data (Fig. A-1; Table A-1)
show that a large proportion of birds banded in
this reference area were also recovered there.
Recoveries also indicate that southeastern Alberta
is an important breeding area for mallards winter-
ing in the Northwestern Pacific Flyway. Other
recoveries came from the Peace River in west-
central Alberta, northern Idaho and western
Montana, and throughout southern British
Columbia. Important mallard wintering areas
receiving a number of recoveries from the North-
western Pacific Flyway include the Snake River
in southern Idaho and the Central Valley of
California.

The most important mallard wintering grounds
in this reference area lie within the mid-Columbia
and Snake river basins of Washington and Oregon
(Fig. 2). Although mallards have long wintered in
this region (Yocum 1951), they showed a substan-
tial increase in numbers during the 1950’s as a
result of agricultural development and water
manipulation projects (Lauckhart 1961; Chattin
1964; Buller 1975). For example, the Bureau of
Reclamation’s Columbia Basin Project developed
500,000 acres of farmland in east-central
Washington between 1950 and 1960. Fall and
winter mallard populations in this area reportedly
increased from 200,000 to >700,000 during this
period (Chattin 1964). The proportion of the Pacific
Flyway winter mallard population associated with
the Columbia Basin reportedly increased from
about half to over two-thirds during the 1950’s
(Buller 1975). The wintering mallard population in



Table 1. Major and minor reference areas and codes for winter banding data.

Code Major reference area Code Minor reference area
20 Northwestern Pacific Flyway 201 S British Columbia-W Washington
202 E Washington-NE Oregon
203 W Oregon-NW California
204 SE Oregon-NE California-NW Nevada
21 Central California 211 Central California-W Nevada
22 Northeastern Pacific Flyway 221 W Idaho
222 W Montana
223 E Idaho-SW Wyoming
224 NE Nevada-W Utah
225 E Utah-W Colorado
23 Southern Pacific Flyway 231 S Nevada-S California-W Arizona
232 E Arizona-W New Mexico
24 Northern High Plains 241 E Montana
242 W North Dakota-W South Dakota
243 N Wyoming
25 Central High Plains 251 SE Wyoming-W Nebraska
252 NE Colorado
253 SE Colorado
254 S Central Colorado
255 W Kansas
26 Southern High Plains 261 E New Mexico
262 W Oklahoma-W Texas
27 Northern Low Plains 271 E South Dakota
272 E Nebraska
273 E Kansas
28 Southern Low Plains 281 E Oklahoma
282 E Texas
29 Northwestern Mississippi 291 S Minnesota-N Iowa
Flyway 292 S Iowa-W Missouri
30 Southern Mississippi Flyway 301 W Arkansas
302 E Arkansas-W Tennessee-
NW Mississippi
303 E Tennessee
304 W Louisiana
305 E Louisiana-SW Mississippi
306 E Mississippi-Alabama
31 Southern Great Lakes- 311 N Illinois~-N Indiana-SW Michigan
Ohio River Valley 312 SE Great Lakes Region
813 SE Missouri-S Illinois-SW Indiana-
W Kentucky
314 SE Indiana-S Ohio-E Kentucky
32 Northeastern Atlantic Flyway 321 North-Atlantic States
33 Mid-Atlantic Flyway 331 Central Appalachian Region
332 Mid-Atlantic States
333 North Carolina
34 Southern Atlantic Flyway 341 Georgia-South Carolina
342 Florida
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the Columbia Basin peaked in 1964 and has
exhibited a general decline since that time (Ball et
al. 1979). Rabenberg (1982) presented evidence
that the size of the wintering mallard population
in the Columbia Basin is influenced by water con-
ditions in Prairie-Parkland breeding areas during
the preceding summer.

Mallards have long been the most numerous
duck species wintering in the Columbia-Snake
region (Yocum 1949, 1951; Buss and Wing 1966).
In January of 1947 Yocum (1951) reported that
mallards composed nearly 70% of the ducks
counted in southeastern Washington, followed by
American wigeon (Anas americana) at 24% and
northern pintail (Anas acuta) at 5%. Buss and
Wing (1966) reported that mallards constituted
about 90% of the wintering waterfowl counted dur-
ing their studies from 1955-65 along a portion of
the Snake River in southeastern Washington.

Coastal regions of the Northwestern Pacific
Flyway also hold many wintering mallards. The
Puget Sound area of northwestern Washington is
important to wintering waterfowl (Yocum 1951;

Chattin 1964) and is reported to support 50,000
winterihg mallards (Bellrose 1976). The Fraser
River Delta and its associated tidal flats provide
the largest wintering area for ducks in ‘general
(Leach 1972; Bellrose 1976; Vermeer and Levings
1977) and mallards in particular (Munro 1943)
along coastal British Columbia. American wigeon,
northern pintails, and mallards are the most
numerous wintering duck species in this area
(Leach 1972; Vermeer and Levings 1977). The
three species make extensive use of agricultural
lands in this area during winter (Hirst and
Easthope 1981). Munro’s (1943) earlier banding
studies of mallards in this area led to his hypoth-
esis that mallard populations contain relatively
discrete units or groups of birds that breed and
winter together.

The Willamette River Valley of western Oregon
reportedly winters about 90,000 mallards (Bellrose
1976). This number appears to represent a sub-
stantial increase from earlier decades (Crawford
1938). The lakes and marshes of the Klamath
Basin in southern Oregon and northern California

Fig. 2. Diked habitat in the Columbia River floodplain, Ridgefield National Wildlife Refuge, Washington. (Photo
courtesy of Susan Saul, U.S. Fish and Wildlife Service.)
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also support many wintering mallards. The
Harney Basin in southern Oregon has an average
peak wintering population of 4,500 mallards which
appears to be closely associated with mallards of
the Columbia and Snake river basins (Furniss
1974). Beer (1945) reported that the mallard was
a common wintering species in his study area in
southwestern Washington.

Central California

Central California is one of the smaller major
reference areas, containing only the central portion
of California and a small portion of west-central
Nevada. However, about 4-8% of the mallards
counted in Winter Surveys, 1950-78, were found in
this reference area. Recoveries of mallards banded
in central California during winter occurred mostly
within this area (Fig. A-2; Table A-1). Many other
recoveries came from the Klamath Basin of north-
ern California and southern Oregon. Bands were
also recovered in southeastern Alberta, the most
important Canadian breeding area for mallards
wintering in central California. Recoveries between
California and southeastern Alberta were scat-
tered throughout Oregon, Idaho, eastern
Washington, and western Montana.

Most wintering waterfowl in this reference area
are concentrated in California’s Central Valley,
extending nearly north and south through the cen-
tral portion of the reference area. Agricultural
development and extensive drainage, flood control,
and water diversion projects have greatly reduced
wetland acreages of the Central Valley in the last
century. Of the total Central Valley wetland area
existing in the late 1800’s, an estimated 6%
remains today (Gilmer et al. 1982). About 25% of
Pacific Flyway mallards winter in the Central
Valley (Gilmer et al. 1982). Additionally Bellrose
(1976) reported that about 410,000 mallards winter
in the marshes of the Central Valley and San
Francisco Bay. Northern pintails and American
wigeon are generally more abundant in California
during winter than mallards, although in some
years mallards outnumber American wigeon to
become the second most numerous duck
(Rienecker 1976).

The Central Valley is divided into three major
regions: the Sacramento Valley in the north
(Fig. 3), the San Joaquin Valley in the south
(Fig. 4), and the Delta and Suisun Marsh areas in
the center (Fig. 5) where the two river systems

meet (Gilmer et al. 1982). Ground counts in
January 1948 on a San Joaquin Valley study area
indicated that mallards represented only 2% of the
total duck population, ranking far below northern
shovelers (Anas clypeata) at 41%, northern pin-
tails at 31%, and green-winged teal (Anas crecca)
at 24% (U.S.D.I. 1950). Mall (1969) reported 13,500
mallards using the Suisun Marsh during January
1961. This represented 6.5% of the total popula-
tion, behind northern pintails (76.5%) and
American wigeon (11.5%).

The numbers of mallards wintering in other por-
tions of the Central California reference area are
not nearly as great as in the Central Valley. Munro
(1957) found many different Anatid species to be
common winter residents of Morro Bay but
reported the mallard to be rare in winter.

Northeastern Pacific Flyway (22)

The Northeastern Pacific Flyway reference area
includes Idaho, Utah, northeastern Nevada, and
the portions of Montana, Wyoming, and Colorado
lying west of the Rocky Mountains. This reference
area accounts for about 5-9% of the mallards
counted in North America on Winter Surveys,
1950-78. Large numbers of band recoveries from
this reference area occurred in southeastern
Alberta, the major Canadian breeding area
associated with these wintering grounds (Fig. A-3;
Table A-1). Southwestern Saskatchewan also con-
tributes some birds to this area. Recoveries sug-
gested that the Columbia and Snake river basins
of Washington and Oregon are important alterna-
tive wintering areas for Northeastern Pacific
Flyway mallards. Additional recoveries were
scattered primarily throughout the Central
(especially the High Plains) and Pacific Flyways,
and are found in such wintering areas as
California’s Central Valley and the Platte River
Valley of Colorado and Nebraska.

The dramatic increases in numbers of wintering
mallards in the Columbia and Snake river basins
during the 1950’s have been discussed (see section
on Northwestern Pacific Flyway). The Snake River
Valley of Idaho is part of the affected area and is
now an important wintering area for mallards
(Chattin 1964; Buller 1975). About 350,000
mallards winter in the Snake River Valley near
Boise, Idaho, and another 90,000 winter farther
east between Twin Falls and American Falls
(Bellrose 1976).
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Fig. 3. Gray Lodge Wildlife Area, managed by the California Department of Fish and Game, is situated in the
Sacramento Valley near Gridley and is an important mallard wintering area. (Photo by David S. Gilmer, U.S.
Fish and Wildlife Service.)

Fig. 4. The Grassland marshes near Los Banos comprise private duck clubs and provide some of the best water-
fow! habitat in the San Joaquin Valley, California. (Photo by David S. Gilmer, U.S. Fish and Wildlife Service.)
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Bellrose (1976) reported that 60,000 mallards
winter at six locations in western Montana.
Populations of 35,000-40,000 mallards wintered
during each of the years 1937-39 in Montana’s
Flathead Valley, primarily at Pablo and Ninepipe
National Wildlife Refuges (Girard 1941). Bellrose
(1976) reported 3,600 wintering mallards in the
mountain valleys of western Wyoming and 13,000
in the mountains of western Colorado. Hopper
(1968) listed the Uncompahgre-Gunnison-
Colorado River complex in western Colorado as
one of four major waterfowl migration, wintering,
and harvest regions in that State. He reported a
wintering population there of about 25,000 ducks,
most of which were mallards (Hopper 1968).
Winter Survey data for 1950-78 indicated an
average population of nearly 35,000 mallards in
Utah. A large portion of the wintering mallards
in Utah were found in the Great Salt Lake Valley
(see Bellrose 1976).

Southern Pacific Flyway (23)

The Southern Pacific Flyway includes southern
California, southern Nevada, Arizona, and far
western New Mexico. This area contains less
than 1% of the continental wintering mallard

population. Relatively few mallards have been
banded in this area (Table 2) because the winter-
ing population is small. The largest numbers of
band recoveries occurring outside the reference
area were from Utah, particularly in the Great
Salt Lake Valley and its surrounding marshes
(Fig. A-4; Table A-1). Recoveries were also
grouped in the Snake River Valley of Idaho. As
with the rest of the Pacific Flyway, the principal
Canadian breeding area contributing to these
wintering grounds is southeastern Alberta.

Published information on wintering mallards in
the Southern Pacific Flyway is scarce. Bellrose
(1976) reported that a few thousand mallards
winter in extreme southern California. Wintering
mallards are found along the Colorado River in
Arizona, Nevada, and California. Wintering
mallards are also found along the Gila and Salt
rivers in Arizona (Fleming 1959). Fleming (1959)
suggested that species composition of the water-
fowl kill in Arizona reflected relative species abun-
dance, and reported that mallard and northern pin-
tail are most frequently taken. He also noted one
winter (1955-56) in which extremely cold weather
in Northern States resulted in a peak mid-
December population with 70% mallards (Fleming
1959).

Fig. 5. Grizzly Island, managed by the California Department of Fish and Game, is situated in the Suisun Marsh
area adjacent to Suisun Bay. (Photo by David S. Gilmer, U.S. Fish and Wildlife Service.)



Northern High Plains (24)

The Northern High Plains reference area
includes eastern Montana, western North and
South Dakota, and northern Wyoming. Based on
the Winter Survey, about 1-3% of North
American mallards winter in this area. The valleys
of the Platte and North and South Platte rivers
appear to be important alternative wintering areas
for Northern High Plains birds. Canadian band
recoveries from mallards banded during winter in
the Northern High Plains were concentrated in
southeastern Alberta and southwestern
Saskatchewan (Fig. A-5; Table A-1).

Recoveries also occurred throughout the Low
Plains of the Central Flyway and the Mississippi
Alluvial Valley of the Mississippi Flyway, while
some recoveries occurred in the Pacific Flyway,
especially in western Montana and the Columbia
and Snake river basins.

Bellrose (1976) reported that 65,000 mallards
winter in eastern Montana, and Funk et al. (1971)
reported an average (1964-70) midwinter popula-
tion of 56,500 birds. These wintering mallards are
found along the Missouri, Yellowstone, and Big-
horn rivers (Funk et al. 1971; Bellrose 1976).
During 1964-70, an average of 2,600 mallards
wintered in North Dakota, mostly below the
Garrison Dam on the Missouri River (Funk et al.
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1971; Bellrose 1976). About 35,000 mallards winter
in northern Wyoming (Funk et al. 1971), mostly
along the Bighorn and Wind rivers (Bellrose 1976;
Funk et al. 1971). In western South Dakota, Funk
et al. (1971) reported the average winter mallard
population as 28,000, and Bellrose (1976) reported
30,000. Most of these birds winter along streams,
springs, and lakes of the northern Black Hills
(Drewien 1968; Buller 1964; Bellrose 1968).
Drewien (1968) reported wintering mallard counts
for the Black Hills ranging from 6,000 to 32,000
with an average of about 16,000. However, he
reported that birds were more scattered and dif-
ficult to count during mild weather and suspected
that the wide variation in the counts was due in
part to weather conditions during the inventory
period. Drewien (1968) analyzed band recovery
data from mallards banded during winter in the
Black Hills and concluded that the birds exhibited
a strong tendency to return annually to this area
to winter.

Central High Plains (25)

The Central High Plains reference area includes
southeastern Wyoming, eastern Colorado, and
western Nebraska and Kansas. About 7-10% of
the total mallards reported in the Winter Surveys,
1950-78, were counted in this reference area. Since

Table 2. Mallard banding and recovery totals by major reference area.®

Major reference area Bandings  Band recoveries
Northwestern Pacific Flyway (20) 85,350 14,232
Central California (21) 23,593 3,922
Northeastern Pacific Flyway (22) 67,778 9,798
Southern Pacific Flyway (23) 2,803 402
Northern High Plains (24) 52,567 5,763
Central High Plains (25) 170,216 20,090
Southern High Plains (26) 22,963 2,100
Northern Low Plains (27) 68,767 9,476
Southern Low Plains (28) 43,024 5,898
Northwestern Mississippi Flyway (29) 27,110 4,104
Southern Mississippi Flyway (30) 116,457 17,128
Southern Great Lakes-Ohio River Valley (31) 103,277 15,593
Northeastern Atlantic Flyway (32) 9,863 901
Mid-Atlantic Flyway (33) 50,154 6,807
Southern Atlantic Flyway (34) 30,571 4,212
Total 874,493 120,426

8Table includes mallards banded during January and February,

1922-1978.

1922-1977, and recovered during 1 September-15 February,
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the 1960’s, the State of Colorado has had the most
intensive mallard winter banding program in
North America, and the excellent sample sizes for
this reference area reflect this effort (Table 2).
Most Canadian recoveries were from southeastern
Alberta and southwestern Saskatchewan, with
southeastern Sakatchewan and southwestern
Manitoba also contributing many birds (Fig. A-6;
Table A-1). Many recoveries occurred throughout
the rest of the Central Flyway, with more from the
High Plains areas than from the Low Plains.
Recoveries also occurred in the Mississippi
Alluvial Valley and in the northeastern Pacific
Flyway.

Eastern Colorado is an important mallard win-
tering area in this reference area (Figs. 6 and 7).
Wagar (1946) cited reports of 1.5 million ducks on
the Arkansas and Platte river drainages in
January 1945 with as many as 300,000 mallards
on a single reservoir. Hopper et al. (1978) reported
an average of 270,000 mallards in January counts
made during 1964-72 in eastern Colorado. The
mallard was reported as the most numerous duck
species in all seasons in Colorado (Grieb and

Boeker 1954). Mallards are especially important
during winter (Kinghorn 1949; Buller 1964), and
they composed >90% of the total kill in sample
areas of Grieb and Boeker (1954) and 95-98% of
the total wintering duck population in eastern
Colorado (Hopper et al. 1978). Eastern Colorado
can be divided into three major waterfowl regions:
South Platte River Valley, Arkansas River Valley,
and San Luis Valley (Grieb and Boeker 1954;
Hopper 1968).

The South Platte River Valley (Fig. 7) is the
most important Colorado wintering area, contain-
ing concentrations of more than 400,000 ducks in
some years (Hopper 1968; Grieb and Boeker 1954).
Most (>95%) wintering ducks in this area are
mallards, with small numbers of green-winged teal,
northern pintails, and American wigeon (Hopper
1968). Bellrose (1976) reported wintering mallard
populations of 200,000 in this area. From one of
the first extensive aerial surveys of wintering
waterfowl, Kinghorn (1949) reported 25,000 and
104,000 ducks (‘““almost entirely’’ mallards),
respectively, along the South Platte River in
January 1948 and 1949. Hopper (1972) studied

Fig. 6. Areas of open water in iced-over reservoirs are concentration areas for wintering mallards in Colorado.
(Photo by James K. Ringelman, Colorado Division of Wildlife.)



waterfowl use of potholes on the Bonny Reservoir
and reported wintering waterfowl populations of
as many as 45,000, primarily mallards. Ryder
(1970) counted 1,000 ducks in December on his
study area along the Cache la Poudre River near
Fort Collins. Corn is an abundant food source, and
resting habitat in the South Platte River Valley
is provided by numerous lakes, reservoirs, and
riverbottoms (Hopper 1968).

The Arkansas River Valley is the second most
important waterfowl wintering area in eastern
Colorado (Grieb and Boeker 1954; Hopper 1968).
Midwinter duck (again, mostly mallards) counts
for this area during 1948-66 averaged 82,000 birds
and ranged up to 250,000 (Hopper 1968). Bellrose
(1976) reported that about 100,000 mallards winter
in the Arkansas River Valley. Kinghorn (1949)
reported January counts of 2,000 ducks in 1948
and 78,000 ducks in 1949 along the Arkansas
River. Winter duck concentrations in the
Arkansas River Valley are associated with lakes,
reservoirs, and riverbottoms in small-grain and
corn production areas (Hopper 1968).
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The San Luis Valley contains the largest breed-
ing population but the smallest wintering popula-
tion of ducks in eastern Colorado (Hopper 1968;
Hopper et al. 1975). The size of the wintering duck
population in this area is believed to be more
dependent on weather conditions than in other Col-
orado wintering grounds (Hopper 1968; Hopper et
al. 1975). Hopper et al. (1975) reported that
January duck populations averaged 24,000 for
1955-63 and 34,000 for 1964-71, varying between
8,000 and 64,000. Mallards accounted for at least
90% of these birds (Hopper et al. 1975). Wintering
ducks in this area occupy warmwater resting sites
and feed in barley fields (Hopper et al. 1975). The
Monte Vista National Wildlife Refuge is an impor-
tant winter concentration area (Buller 1964).

Western Kansas and Nebraska are also impor-
tant mallard wintering grounds within the Central
High Plains reference area. Funk et al. (1971) re-
ported an average midwinter inventory of 148,000
mallards for western Kansas during 1964-70.
Major wintering grounds in western Kansas
include the Arkansas and Cimarron rivers and

Fig. 7. Warmwater spring adjacent to the South Platte River in Colorado. (Photo by James K. Ringelman, Colorado
Division of Wildlife.)
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Lake McKinney (Buller 1964). Funk et al. (1971)
reported an average midwinter mallard population
of 171,000 in western Nebraska during 1964-70.
Bellrose (1976) reported that 125,000 mallards
wintered along the North Platte River and another
25,000 on the South Platte. Enders Reservoir and
Lake McConaughy are additional concentration
areas for wintering waterfowl in western Nebraska
(Buller 1964). The 1964-70 midwinter mallard
counts for southeastern Wyoming averaged
15,000 birds (Funk et al. 1971), primarily found
along the North Platte River (Funk et al. 1971;
Bellrose 1976).

Southern High Plains (26)

The Southern High Plains reference area
includes eastern New Mexico and western Texas
and Oklahoma. An average of 5-7% of the
mallards counted in Winter Surveys, 1950-78,
were found in this area. Large numbers of
recoveries from birds banded in this reference area
occurred just north of the area in the Central High
Plains reference area (Fig. A-7; Table A-1). Other
recoveries were scattered throughout the northern

High Plains and the entire Low Plains. Recoveries
in the Pacific Flyway were concentrated in western
Colorado, the Great Salt Lake Valley of Utah, and
the Snake River Basin in Idaho. Canadian
recoveries were mostly from southeastern Alberta
and southwestern Saskatchewan.

Texas is the second most important State in the
Central Flyway for wintering mallards (Bellrose
1976), and the Texas Panhandle is the most impor-
tant wintering area within the State (Buller 1964;
Bellrose 1976). Bellrose (1976) reported about
300,000 wintering mallards in the Texas Pan-
handle, and Funk et al. (1971) reported average
mallard counts during January of about 280,000
birds in west Texas for the period 1964-70. Buller
(1964) reported more than 750,000 wintering
mallards in the Texas Panhandle in 1956, a peak
year. Other important wintering duck species in
this area include the northern pintail, American
wigeon, and green-winged teal (Bolen and Guthery
1982; Baldassarre and Bolen 1984). Petrides and
Bryant (1951) reported that mallards were the
most abundant wintering waterfowl species on
Muleshoe National Wildlife Refuge in January
1950, composing 60% of the total population,

Fig. 8. Playa lake in the Southern High Plains of Texas (Castro County) is surrounded by intensive agricultural

use (row crops and grazing) typical of the region. (Photo courtesy of Eric G. Bolen and Paul N. Gray, Texas
Tech University.)



followed by northern pintails (25%), American
wigeon (13%) and green-winged teal (3%). Soutiere
et al. (1972) found that mallards were the most
abundant ducks wintering on Buffalo Lake
National Wildlife Refuge, followed by northern
pintails and American wigeon. Wintering water-
fowl in west Texas are found on the area’s
natural playa lakes (Fig. 8), artificial lakes and
stockponds, and feed extensively in harvested
cornfields (Buller 1964; Bolen et al. 1979; Bolen
and Guthery 1982; Baldassarre and Bolen 1984).
Moore (1980) studied duck use of playa lakes and
suggested that mallards preferred lakes with open
water interspersed with patches of emergent
vegetation.

Eastern New Mexico contained an average
wintering mallard population of 44,000 birds for
the period 1964-70, according to Funk et al. (1971).
Habitat for wintering waterfowl is associated with
the middle Rio Grande and Pecos river valleys in
the south and with lakes and reservoirs in the
northeastern part of the State (Buller 1964).
Merrill (1967) reported average winter mallard
populations of 18,000 along the Rio Grande and
4,000 in northeastern New Mexico. Merrill (1967)
reported that mallards are the most numerous
wintering ducks in eastern New Mexico, compos-
ing 39% of the average wintering population
(1956-66), followed by northern pintails (19%),
American wigeon (12%), mergansers (Mergus sp;
9%), green-winged teal (8%), and gadwall (Anas
strepera; 5%). Merrill (1967) analyzed banding and
recovery data for mallards from eastern New
Mexico and concluded that these birds showed
little tendency to travel east of the High Plains
and that they exhibited slightly higher mortality
rates than other High Plains mallards. Leopold
(1919), studying mallard sex ratios in the Rio
Grande Valley near Albuquerque, concluded that
mallards exhibit a differential sex migration with
females arriving first on New Mexico wintering
grounds.

Heitmeyer (1980) grouped waterfow! population
data for three national wildlife refuges in
Oklahoma, one of which (Optima) is in the
Southern High Plains reference area. Mallards and
American wigeon were first and second in abun-
dance, respectively, on these refuges. Barclay
(1976) surveyed ducks (mostly mallards) on
Oklahoma reservoirs in January 1974 and reported
nearly 1,700 birds on Carl Etling Reservoir in far
western Oklahoma.
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Northern Low Plains (27)

The Northern Low Plains reference area con-
tains the eastern portions of South Dakota,
Nebraska, and Kansas. The 1950-78 Winter
Survey data indicate that about 7-10% of the total
mallards counted are from this area. Canadian
recoveries of mallards banded in the Northern Low
Plains occurred in substantial numbers in
southeastern Alberta, in southern Manitoba, and
throughout southern Saskatchewan (Fig. A-8;
Table A-1). Additionally, large numbers of
recoveries were found throughout the Low Plains
and in the northeastern portions of the High
Plains (western North Dakota, South Dakota, and
Nebraska). Many band recoveries also occurred in
the eastern Mississippi Flyway, especially in the
more southern States.

Kansas is the most important mallard winter-
ing State in the Central Flyway (Bellrose 1976),
most birds occuring in the eastern portion of the
State. The numbers of ducks wintering in Kansas
exhibited dramatic increases during the 1950’s and
1960’s (Buller 1975; Martinson 1975; Bellrose
1976). Water resource projects of the Bureau of
Reclamation and the Corps of Engineers created
numerous large reservoirs throughout the State.
State and Federal management areas associated
with these reservoirs have been planted with
sorghum, corn, and other grains, making these
areas very attractive to wintering waterfowl
(Buller 1964, 1975). Buller (1975) reported a 10-fold
increase in the number of wintering ducks in
Kansas since 1950, and noted that mallards
represented about 95% of the State’s wintering
population. Funk et al. (1971) reported that the
winter mallard population averaged 448,000 in
eastern Kansas during 1964-70. Also, Bellrose
(1968) reported wintering populations of 20,000
mallards at the Quivira National Wildlife Refuge
and Cheyenne Bottoms, 25,000 at the Jamestown
Management Area, 20,000 on the Marais-des-
Cygnes Management Area, and nearly 100,000 on
the Neosho Management Area.

Funk et al. (1971) reported an average winter-
ing mallard population in eastern South Dakota,
1964-70, of 198,000 birds. Most of these winter-
ing birds were found along the Missouri River,
with concentrations on the Big Bend and Little
Bend portions of the river, Lake Andes, and Fort
Randall and Gavins Point reservoirs (Buller 1964;
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Bellrose 1976). Buller (1964) suggested that the
size of the wintering mallard population in South
Dakota was heavily dependent on the severity of
winter weather.

The number of mallards estimated to winter in
eastern Nebraska during 1964-70 was 81,000
(Funk et al. 1971). These birds were along the
Platte River (Figs. 9 and 10) and on various reser-
voirs (e.g., Bellrose (1968) reported 14,000 wintering
mallards on the Harlan County Reservoir) in this
area (Buller 1964; Bellrose 1976). Wintering mal-
lard numbers increased fivefold along the Platte
River between 1979, a cold winter with 5,000
mallards, and 1980, a mild winter with 26,000
mallards (Jorde 1981). Corn stubble fields (Fig. 10)
were the preferred agricultural habitat of these
wintering mallards, and corn was the most fre-
quent food item in the diet (Jorde et al. 1983).

Southern Low Plains (28)

The Southern Low Plains reference area includes
eastern Oklahoma and eastern Texas. Winter

Survey data indicate that about 3-4% of winter-
ing mallards were counted in this reference area
during 1950-78. The Canadian recoveries of
mallards banded in this reference area were con-
centrated in southern Saskatchewan and south-
eastern Alberta, with some in southern Manitoba
(Fig. A-9; Table A-1). United States recoveries
were concentrated in the Low Plains. Smaller
numbers of recoveries were found in the northern
and central portions of the eastern High Plains
and throughout the western Mississippi Flyway.

Funk et al. (1971) reported that the mallard
population wintering in eastern Oklahoma during
1964-70 averaged nearly 196,000 birds. Heitmeyer
(1980) reported about 200,000 mallards during
early and late winter in 1978-79 and 1979-80,
although this number included some birds from
the High Plains of western Oklahoma. During
1978-79 and 1979-80 mallards were the most
abundant wintering ducks in Oklahoma, with com-
mon mergansers (Mergus merganser) second in
abundance, followed by American wigeon, gadwall,

Fig. 9. Mallard wintering habitat along the Platte River in Nebraska. (Photo by Dennis G. Jorde, U.S. Fish and
Wildlife Service.)



green-winged teal, wood duck (Aix sponsa), ring-
necked duck (Aythya collaris), common goldeneye
(Bucephala clangula), and hooded merganser
(Mergus cucullatus; Heitmeyer 1980). Buller (1964)
wrote that the mallard accounted for half of the
duck harvest in the State. Oklahoma, like Kansas,
has seen a substantial increase in wetlands over
the last three decades with the construction of
reservoirs, lakes, and other flood control struc-
tures (e.g., Copelin 1961; Slimak 1975; Barclay
1976). Wintering mallards use these impound-
ments throughout the State and are found in large
concentrations on some of the large reservoirs and
on several State and Federal refuges (Copelin 1961;
Bellrose 1968; Gorham 1975; Slimak 1975; Barclay
1976; Heitmeyer 1980; Gordon 1981). Bellrose
(1968) reported that almost 160,000 mallards
wintered on artificial reservoirs in Oklahoma.
Barclay (1976) reported an average population in
January of nearly 222,000 mallards on Oklahoma
reservoirs during 1963-72, followed in abundance
by American wigeon, green-winged teal, wood
ducks, and lesser scaup (Aythya affinis).
Heitmeyer and Vohs (1984) observed that mallards
shift from large reservoirs during early winter to
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smaller wetlands—especially natural bottomland
wetlands and rivers—in late winter.

Slimak (1975) surveyed waterfowl on wetlands
within the Stillwater Creek Watershed in north-
central Oklahoma during the winter of 1971-72.
Mallards were the most common wintering water-
fowl species, representing 35% of the total ob-
served. Common mergansers were second in abun-
dance at 31%, and northern pintails, lesser scaup,
and ring-necked ducks followed, each representing
5-10% of all observations (Slimak 1975). Gordon
(1981) studied condition, feeding, and behavior of
mallards on Lake Carl Blackwell, a large reservoir
within the Stillwater Creek Watershed, and
estimated wintering populations of 250 and 800
mallards, respectively, in 1979 and 1980.

Gorham (1975) studied waterfowl use of U.S.
Army Corps of Engineers reservoirs in far eastern
Oklahoma. Aerial surveys of the studied reservoirs
showed that mallards represented 78-96% of total
ducks observed in January 1972 and 68% of the
total duck kill during the 1971-72 hunting season
(Gorham 1975).

Fewer mallards winter in eastern Texas than in
the western part of the State, having averaged

Fig. 10. Corn stubble fields are preferred agricultural habitat along the Platte River in Nebraska. (Photo by Dennis
G. Jorde, U.S. Fish and Wildlife Service.)
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about 67,000 birds during 1964-70 (Funk et al.
1971). The Texas Gulf Coast often winters more
than 2,000,000 waterfowl (Singleton 1953; Buller
1964). Unlike Low Plains wintering areas to the
north, however, the mallard is not the most
numerous wintering species there. According to a
Texas Gulf Coast waterfowl survey (Heit 1948),
mallards were the third most abundant duck
species in January 1948, after northern pintails
and redheads (Aythya americana). About 89,000
mallards were concentrated at Eagle Lake and sur-
rounding rice fields, and in the marshes and rice
fields east of Galveston Bay. Singleton (1953)
reported mallard populations along the Texas Gulf
Coast of 186,000, 163,000, 38,000, and 36,000 in
January of 1949, 1950, 1951, and 1952, respec-
tively. Singleton (1953) also noted larger numbers
of northern pintails and redheads than mallards.
In 1951 and 1952 American wigeon numbers ap-
proached those of mallards, and green-winged teal
abundance exceeded mallard abundance in 1952
(Singleton 1953). Bellrose (1976) reported later

that only about 15,000 mallards currently winter
along the Texas Gulf Coast.

Bellrose (1968) estimated that 45,000 mallards
wintered in eastern Texas north of the Gulf Coast.
Siegler (1945) studied waterfowl on inland areas
in the “timber belt”’ of far eastern Texas during
1939-1944. Wintering mallards were found on
streams and lakes throughout this region and ex-
ceeded the combined numbers of all other species
during December and January. Ring-necked ducks
were second in abundance, and wood ducks and
lesser scaup were also common wintering species
(Siegler 1945). In January 1975, transect counts
on a green-tree reservoir along the Angelina River
showed a species composition of 70-75% mallards,
15-20% wood ducks, and 5-10% green-winged
teal, ring-necked ducks, and northern shovelers
(Allen and Halls 1978). Use of green-tree reservoirs
by relatively large numbers of mallards was pre-
dicted for years of fair to high acorn (the most im-
portant mallard food item in these studies)
production (Allen and Halls 1978; Allen 1980).

Fig. 11. Impounded wetlands on the Fountain Grove Wildlife Management Area in north-central Missouri 1949.
(Photo courtesy of Dale D. Humburg, Missouri Department of Conservation.)



Hobaugh and Teer (1981) studied waterfowl us-
age of 55 lakes constructed for flood control in the
upper Trinity River drainage of eastern Texas. In
January 1977, 1,055 mallards (25% of the total
ducks seen) were counted on these lakes, ranking
second in abundance after ring-necked ducks (28%
of the total count).

Northwestern Mississippi Flyway (29)

The Northwestern Mississippi Flyway includes
southern Minnesota, all of Iowa, and all of Missouri
except for the southeastern corner of the State.
The 1950-78 Winter Survey data indicate that
4-6% of wintering mallards in North America were
generally found in this area. Recoveries of birds
banded during winter in this reference area were
concentrated in the western Mississippi and east-
ern Central (Low Plains) Flyways (Fig. A-10;
Table A-1). Southeastern Alberta, southern Saskat-
chewan, and southern Manitoba contained large
numbers of recoveries from this reference area.
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More than 210,000 mallards were reported in
northern and western Missouri (Fig. 11), on the
average, during Winter Surveys, 1950-78. Large
wintering mallard concentrations are found along
the Mississippi River between Hannibal, Missouri,
and Alton, Illinois (Bellrose 1968). Bellrose (1968)
reported that wintering mallard populations at
Squaw Creek National Wildlife Refuge averaged
200,000. The population of mallards (the predomi-
nant species) at Squaw Creek numbered 50,000~
75,000 in 1980, and twice that number in 1981
(Humburg et al. 1983). Winter Survey data for
1950-78 indicated average counts of about
101,000 mallards in Iowa. Most of these birds are
found along the Missouri, Mississippi, and Des
Moines rivers (Bellrose 1976).

Winter Survey data for Minnesota averaged
only 12,000 mallards. For the years 1974, 1975,
1976, and 1977, Cooper and Johnson (1977)
reported January waterfowl populations for the
Twin Cities Metropolitan Area in Minnesota of

Fig. 12. Narrow riparian corridors will soon become agricultural ditches, Tensas River Basin, Louisiana. (Photo
courtesy of Kenneth J. Reinecke, U.S. Fish and Wildlife Service.)
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14,000, 18,000, 18,000, and 22,000, respectively,
95% of which were mallards. They reported
mallards to be most abundant in the Minnesota
River Valley, particularly on Black Dog Lake.
Cooper and Johnson (1977) indicated that numbers
of wintering mallards at the time of their study
were much larger than those in earlier years (e.g.,
10 mallards observed during winter from 1917 to
1937). They attributed the increase in wintering
mallards to increases in open water (from heated
water discharge, pumps, and water flow over
dams) and food availability (waste grain)
associated with human activity.

Southern Mississippi Flyway (30)

The Southern Mississippi Flyway reference area
includes Arkansas, Tennessee, Louisiana,
Mississippi, and Alabama. This area wintered
about 26-30% of North American mallards (based
on 1950-78 Winter Survey data), more than any
other reference area. Of mallards banded here,

recoveries were numerous throughout the
Mississippi Flyway and throughout the Low
Plains of the Central Flyway (Fig. A-11;
Table A-1). Recoveries were also common in the
Atlantic Flyway. Large numbers came from
southeastern Alberta, southern Saskatchewan,
and southern Manitoba, reflecting the importance
of these three provinces as breeding areas of
Southern Mississippi Flyway birds. Nearly all of
the area that Gard (1979) labeled as the Lower
Mississippi River Basin falls within this major
reference area. Gard (1979) reported an average
winter mallard population for this area of
1,700,000, or 58% of the Mississippi Flyway total.
The loss of bottomland hardwood wintering
habitat in this reference area (Figs. 12 and 13), is
a matter of great concern (Forsythe and Gard
1980; Gard 1979; Heitmeyer and Fredrickson
1981; Osborne 1981; Reinecke 1981).

Winter Survey data indicate that Arkansas
(Figs. 13, 14, and 15) usually winters more
mallards than any other State (nearly 20% of the
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Fig. 13. Results of channelization in the St. Francis River Basin, Arkansas. (Photo courtesy of Kenneth J. Reinecke,

U.S. Fish and Wildlife Service.)



U.S. total). Bellrose (1976) reported 1,100,000
wintering mallards in Arkansas, including 150,000
at the Holla Bend National Wildlife Refuge,
400,000 in northeast Arkansas, and 300,000 in the
Stuttgart, Arkansas, area (Bellrose 1968). Aerial
surveys early in January 1957 showed 17% of
Mississippi Flyway mallards in this State (Yancy
et al. 1958), and Hunter (1978) suggested that
Arkansas could ‘“winter most of the mallards in
the flyway.” The Grand Prairie region surrounding
Stuttgart and the associated White River Bottoms
(Fig. 15) to the east is perhaps the most important
mallard wintering area in North America, harbor-
ing large concentrations of mallards each year. The
fields and flooded bottomlands of this region pro-
vide abundant food in the form of rice, acorns, and
soybeans (Hawkins et al. 1946; Reinecke 1981).
Mallards and wood ducks are the most important
wintering ducks in many areas of the Mississippi
Delta north of the Gulf Coast (Reinecke 1981).
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Louisiana (Figs. 12, 16, and 17) is an important
wintering State for many waterfowl species. Based
on Winter Survey data, Louisiana usually contains
less than 10% of the country’s wintering mallards,
although this figure has approached 20% in par-
ticular recent winters having especially low tem-
peratures (see also Nichols et al. 1983). The survey
data of Yancey et al. (1958) indicated that 15% of
Mississippi Flyway mallards were found in
Louisiana in early January, 1957. St. Amant (1959)
reported that the mallard was the most important
duck in the hunter’s bag in Louisiana. In northern
Louisiana, waterfowl are concentrated in the
bottomlands of the Red River, in the Quachita-
Tensas system (Fig. 17), including Catahoula Lake,
and in the cut-off lakes and barrow pits along the
Mississippi River (St. Amant 1959). The mallard
kill sometimes constitutes greater than 50% of the
waterfowl bag in northern Louisiana (St. Amant
1959). Wills (1971) reported that northern pintails,
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Fig. 14. Wintering mallard habitat in eastern Arkansas. (Photo courtesy of Kenneth J. Reinecke, U.S. Fish and

Wildlife Service.)
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mallards, teal, American wigeon, and gadwall were
the most abundant ducks at Catahoula Lake. In
south-central Louisiana, the Atchafalaya Basin is
a fairly important waterfowl concentration area
(St. Amant 1959), where the mallard is one of the
most abundant species, along with wood ducks,
blue-winged teal (Anas discors), lesser scaup, and
gadwalls (Duke and Chabreck 1976). The mallard
is the most important species in the Atchafalaya
Basin harvest (Chabreck 1979). Palmisano (1973)
reported a December 1970 population of 492,000
mallards in the coastal marshes and rice fields of
southern Louisiana. Gadwalls, green-winged teal,
American wigeon, and northern pintails were the
only species reported to be more abundant than
mallards in this coastal area (Palmisano 1973). The
mallard is often the predominant bird in the
coastal marsh harvest (St. Amant 1959; Chabreck
1979). In the 1958-59 wintering season on
Rockefeller Refuge, Chabreck (1960) reported that
mallards were fourth in abundance after northern
pintails, blue-winged teal, and gadwall. On

Rockefeller Refuge, mallards have concentrated in
freshwater marshes and associated impoundments
while other waterfowl species used both fresh and
brackish marshes and impoundments
(Chamberlain 1959; Chabreck et al. 1975). Dillon’s
(1959) study of mallards in southwestern
Louisiana concluded that a high percentage of the
State’s mallards wintered on or near agricultural
land, preferring rice fields to marshes for both
feeding and loafing.

Winter Survey mallard counts for Tennessee
(Fig. 18), Mississippi (Fig. 19), and Alabama
average about 274,000, 214,000, and 45,000,
respectively. Wintering mallards are concentrated
along the Mississippi River in Tennessee and
Mississippi, and along the Tennessee River in
Tennessee and Alabama (Bellrose 1976). Bellrose
(1968) reported that “in recent years’ 300,000
mallards have wintered at the Cross Creeks and
Tennessee National Wildlife Refuges, Tennessee,
and at the Wheeler National Wildlife Refuge,
Alabama. Steenis (1950) and Givens and Atkeson

Fig. 15. 'I.‘he White River Bottoms near Clarendon, Arkansas. This area contains some of the most important
gmtermg mallard habitat in North America. (Photo courtesy of Kenneth J. Reinecke, U.S. Fish and Wildlife
ervice.)
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Fig. 16. Flooded bottomland hardwoods and adjacent land cleared for agriculture in east-central Louisiana. (Photo
by Charles M. Smith, Louisiana Department of Wildlife and Fisheries.)

Fig. 17. Tensas River bottomlands in northeastern Louisiana. (Photo courtesy of Kenneth J. Reinecke, U.S. Fish
and Wildlife Service.)
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Fig. 18. Mallard wintering habitat at Reelfoot Lake, Tennessee. (Photo courtesy of Kenneth J. Reinecke, U.S.
Fish and Wildlife Service.)

Fig. 19. Winter flooding in the Upper Yazoo River Basin north of Greenwood, Mississippi. (Photo courtesy of
Kenneth J. Reinecke, U.S. Fish and Wildlife Service.)



(1957) discussed waterfowl habitat management
along the Tennessee River and associated im-
poundments created by the Tennessee Valley
Authority, noting the importance of green-tree
reservoirs and nonflooded farm crops for attract-
ing mallards. The Mobile Bay Delta area in
southern Alabama harbored large numbers of
wintering mallards historically, but only small
numbers winter there now. Bellrose (1968)
reported that many of the mallards that once
wintered in Mobile Bay now winter at the Noxubee
National Wildlife Refuge in eastern Mississippi,
which winters 60,000 mallards. Mallards were the
most abundant wintering ducks on creek and hard-
wood swamp study areas in central Alabama,
followed by wood ducks and American black ducks
{Anas rubripes; Speake 1955, 1956). The mallard
was third in abundance on impoundments after
ring-necked ducks and scaup, during the 1953-54
winter (Speake 1955). On Eufaula National
Wildlife Refuge in southeastern Alabama during
the winters of 1967-68 and 1968-69 (Drake (1970)
found that mallards were the most numerous
waterfowl species followed by American wigeon,
green-winged teal, ring-necked ducks, and
northern pintails.

Southern Lake S ta(tgs)—Ohio River Valley
1

This reference area includes Illinois, Indiana,
Kentucky, Ohio, southeastern Missouri, southern
Michigan, a small portion of southern Ontario,
western New York, and northwestern
Pennsylvania. During 1950-78, about 9-13% of
the mallards reported in the Winter Survey came
from this reference area. Mallards banded in this
area were recovered in large numbers throughout
the entire Mississippi Flyway, the Low Plains of
the Central Flyway, the southern Atlantic Flyway,
and the Chesapeake Bay area (Fig. A-12;
Table A-1). As with the other two Mississippi
Flyway reference areas, many recoveries occurred
in southeastern Alberta, southern Saskatchewan,
and southern Manitoba.

Illinois generally has more wintering mallards
than any other State in this reference area. In early
January 1957, 30% of all Mississippi Flyway
mallards were found in Illinois (Yancey et al. 1958).
This represented nearly as many mallards as were
counted in both Arkansas and Louisiana during
that winter. In northern Illinois, 25,000 mallards
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were reported to winter on the Mississippi River
near New Boston, Illinois, and 60,000 on the
Illinois River above Peoria, Illinois (Bellrose 1968).
Bellrose (1968) reported wintering mallard popula-
tions of 140,000 along the lower Illinois River near
Havana, Illinois (Fig. 20), 200,000 along the
Mississippi River between Hannibal, Missouri,
and Alton, Illinois, and 150,000 in southern
Illinois. Hawkins and Bellrose (1939) and Hawkins
et al. (1939) noted that mallards composed 98% of
the ducks in the Illinois River Valley in December
1938, and that they were also the species most fre-
quently harvested by Illinois River duck clubs, ex-
ceeding the combined harvest of all other species.
Waste corn is an important food of Illinois
mallards (Anderson 1959), and its abundance con-
tributes to the high wintering mallard populations
in the State.

Winter Survey results (1950-78) suggest that
Indiana winters about 158,000 mallards. A
substantial portion of these wintering birds are
concentrated along the Wabash and Ohio rivers
in the southwestern corner of the State (Mumford
1954; Bellrose 1976). The Hovey Lake State
Game Preserve in the Wabash Lowlands report-
edly winters as many as 200,000 ducks (mostly
mallards) in some years (Mumford 1954). Waste
corn throughout this bottomland area is thought
to be the major attraction for wintering mallards.
Band recoveries and observations of mallards
suggest that wintering birds may move back and
forth between the Wabash Lowlands and
neighboring areas in Kentucky and Illinois
(Mumford 1954).

Southeastern Missouri reportedly winters about
40,000 mallards (Bellrose 1968). Taylor (1977)
studied waterfowl use of moist-soil impoundments
at Mingo National Wildlife Refuge in southeastern
Missouri and found that mallards used deeper
water sites in January-February than at other
times of the year.

The Winter Survey averaged 77,000 mallards in
Kentucky during 1950-78. These birds are dis-
tributed along the Ohio, Tennessee, and
Cumberland rivers (Bellrose 1976). Ohio averaged
33,000 Winter Survey mallards. The birds occur
in areas throughout the State including the Scioto
and Ohio rivers (Bellrose 1976). Winner (1960)
studied movements of black ducks and mallards
on O’Shaughnessy Reservoir in central Ohio. He
reported mid-January populations of 100-500
mallards and 150-1,000 American black ducks.
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Winter Survey data indicate an average
(1950-78) of only 10,000 wintering mallards in
Michigan. Reed (1971) studied activity of mallards
and American black ducks during winter on an in-
land sulfur spring and on a plume of heated ef-
fluent along the Lake Erie shore in southeastern
Michigan. Peak use of these areas occurred during
December-February when they provided the only
ice-free water in the general area. In January,
1970, a peak of 6,000 mallards (90%) and American
black ducks (10%) used the spring and effluent,
and in January 1971, 8,000 birds (85% mallards)
used the area (Reed 1971). These birds concen-
trated their feeding activity in corn fields.

Northeastern Atlantic Flyway (32)

The Northeastern Atlantic Flyway reference
area includes Connecticut, Massachusetts, and
Rhode Island, extreme southern Vermont, and
coastal portions of New York, New Hampshire and
Maine. Wintering mallard populations in this area
are very small, averaging (1950-78) 0.1% of the

birds in North America. Most recoveries of
mallards banded here occurred in the reference area
itself (Fig. A-13; Table A-1). Recoveries also occur-
red in New Jersey, along the St. Lawrence River
in Quebec, and in southeastern Ontario and north-
ern New York—especially along Lake Ontario.
Before 1900, the mallard was rare in the North-
eastern Atlantic Flyway. The mallard has ex-
panded its range eastward in recent decades and
now breeds and winters in this reference area
(Johnsgard 1961a,b; Heusmann 1974; Johnsgard
and DiSilvestro 1976). The release of hand-reared
mallards has hastened this expansion (Heusmann
1974; Heusmann and Burrell 1974). Data on long-
term changes in black duck:mallard ratios in
wintering populations were presented by
Johnsgard (19615) and by Johnsgard and
DiSilvestro (1976). Heusmann (1974) reported
10,000 mallards wintering in Massachusetts in
January 1973, mostly in inland park areas
(Fig. 21). In January 1978, 2,100 were counted in
coastal Massachusetts and 12,000 in inland parks
(Heusmann 1983). Inferences about movements,

Fig. 20. Illinois River Valley habitat about 10 miles south of Havana, Illinois. This area has a long history of
duck hunting. (Photo courtesy of Stephen P. Havera, Illinois Natural History Survey.)



harvest rates, and survival rates of wintering park
mallards are provided by the banding analyses of
Heusmann and Burrell (1974) and of Heusmann
(1981, 1983). Cronan and Halla (1968) also noted
an increase in the number of mallards wintering
in New England. Bellrose (1976) noted that Maine,
Vermont, and New Hampshire wintered only a
“few hundred”’ mallards.

Mid-Atlantic Flyway (33)

The Mid-Atlantic Flyway reference area includes
New Jersey (Fig. 22), Delaware, Maryland,
Virginia (Fig. 23), North Carolina, West Virginia,
and most of Pennsylvania. Winter Survey data
(1950-1978) indicated that this reference area
generally winters 1-2% of North American
mallards. Recoveries of birds banded in this
reference area occurred in other Atlantic Flyway
States to the north (e.g., New York, Connecticut,
Rhode Island, and Massachusetts) and south (e.g.,
South Carolina; Fig. A-14; Table A-1). Many
recoveries occurred in southwestern Quebec and
southeastern Ontario; fewer occurred in southern
Manitoba and southeastern Saskatchewan. The
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northern States of the Mississippi Flyway also
contained many recoveries; in addition, some
recoveries occurred in the Mississippi Alluvial
Valley and in eastern North Dakota.

The Chesapeake Bay is one of the most impor-
tant and famous traditional waterfowl wintering
areas in the Atlantic Flyway. Stewart (1962)
reported that January mallard populations in the
Upper Chesapeake Bay during 1953-58 varied
from about 16,000 to 151,000 and averaged 69,000.
The mean winter population represented 24% of
the Atlantic Flyway population but less than 1%
of the continental total. During 1953-58, mallards
represented about 6% of the Upper Chesapeake
Bay wintering waterfowl population, as did
American wigeon, redheads, and ruddy ducks
(Oxyura jamaicensis; Stewart 1962). Of greater
abundance were canvasbacks (Aythya valisineria;
18%), Canada geese (Branta canadensis; 17%),
American black ducks (12%), and scaup (Aythya
marila and A. affinis; 10%). During this period the
largest mallard concentrations were found along
the Chester River and in the Blackwater-Nanticoke
River area, with smaller numbers in the Eastern
Bay, Choptank River, and Upper Eastern Shore

Fig. 21. Parks such as this one at Flax Pond in Lynn, Massachusetts, are important mallard wintering areas
in the northeastern United States. (Photo by H.W. Heusmann, Massachusetts Division of Fisheries and Wildlife.)
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areas. Stewart (1962) noted that mallards seemed
to prefer shallow estuarine bays that had agri-
cultural land adjacent for field feeding.

Munro and Perry (1981) examined recent data
on Chesapeake Bay waterfowl populations and
found that the number of mallards wintering in
Maryland during 1972-80 (average, 26,000) was
considerably lower than that during 1956-71
(average, 42,000). For the period 1956-80, mallards
ranked fifth in abundance among wintering water-
fowl in Maryland, after Canada geese, canvas-
backs, American black ducks, and scaup (Munro
and Perry 1981). Primrose (1980) studied winter-
ing waterfowl on the Magothy River, Maryland,
and in adjacent areas of the Chesapeake Bay and
identified mallards as the most abundant dabbl-
ing duck species. The Virginia mallard population
during recent winters has been higher (1972-80
average, 20,000) than that of previous years
(1961-71 average, 8,000). During 1956-80,
mallards ranked third in abundance among winter-
ing waterfowl in Virginia after Canada geese and
American black ducks (Munro and Perry 1981).
Local areas with the greatest mallard abundance
were the Chester River and the Pamunkey River

in Maryland (1956-71) and Virginia (1961-71),
respectively (Munro and Perry 1981).

The abundance of submerged aquatic vegetation
in the Chesapeake Bay has declined in recent years
(Kerwin et al. 1976; Bayley et al. 1978; Orth and
Moore 1981, 1983; Munro and Perry 1981). This
decline has been linked to decreases in Chesapeake
Bay waterfowl populations (Bayley et al. 1978;
Carter and Haramis 1980; Primrose 1980; Perry
et al. 1981; Munro and Perry 1981). Wintering
mallard numbers appeared to be related to abun-
dance of submerged aquatic vegetation in some
areas of the Chesapeake Bay, and it is possible
that declines in Bay mallard numbers are similar-
ly associated with declines in vegetation (Munro
and Perry 1981).

Uhler (1956) wrote that the principal wintering
species at the Patuxent Wildlife Research Center
in Maryland were ring-necked ducks, mallards,
American black ducks, and Canada geese, in order
of abundance.

Bellrose (1968) reported that 18,000 mallards
wintered in northern coastal North Carolina.
Sincock (1965) studied wintering waterfowl
populations on Back Bay, Virginia, and Currituck

Fig. 22. Salt marsh in coastal New Jersey provides wintering habitat for some mallards. (Photo by Michael J.
Conroy, U.S. Fish and Wildlife Service.)



Sound, North Carolina, 1958-62. He computed
“wintering waterfowl-days” to estimate winter
food consumption. The mallard ranked ninth
among ducks in average days for the period
1958-61, after American wigeon, ring-necked
ducks, ruddy ducks, American black ducks, can-
vasbacks, northern pintails, redheads, and green-
winged teal (Sincock 1965). Critcher (1949)
reported winter mallard numbers on Currituck
Sound through the 1940’s ranging from 1,000 to
5,000 and averaging 2,500 birds. During most of
these winters, canvasbacks, redheads, American
wigeon, ruddy ducks, northern pintails, ring-
necked ducks, American black ducks, and lesser
scaup were more abundant than mallards (Critcher
1949).

New Jersey Winter Survey data for 1950-78
averaged about 9,000 mallards. Figley and Van
Druff (1982) studied a suburban mallard popula-
tion on a lagoon development in coastal New
Jersey during 1972-1976. The average number of
mallards during four winter counts in 1973 was
761 birds, considerably higher than the counts for
buffleheads and American black ducks, the second
and third most abundant nondomestic duck
species. However, counts in adjacent salt marsh
areas in January and February 1973 indicated that
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American black ducks were 11 to 26 times more
abundant in these natural areas than mallards
(Figley and Van Druff 1982).

Southern Atlantic Flyway (34)

The Southern Atlantic Flyway reference area in-
cludes South Carolina, Georgia, and Florida.
Winter Survey data indicate that about 1-2% of
North American mallards wintered in this
reference area, on the average, during 1950-78.
Recoveries of birds banded in this reference area
occurred primarily in the Atlantic and Mississippi
flyways (Fig. A-15; Table A-1). Atlantic Flyway
areas north of this reference area that had fair
numbers of recoveries include North Carolina,
Chesapeake Bay, Delaware Bay, Lake Ontario,
and Lake Erie. In the Mississippi Flyway,
recoveries were concentrated in the Mississippi
Alluvial Valley and the Great Lakes region. Some
Central Flyway recoveries occurred in eastern
North and South Dakota. Canadian recoveries
were concentrated in southeastern Ontario and in
southern Manitoba and Saskatchewan.

South Carolina is the most important State for
wintering mallards in this reference area and, in-
deed, in the entire Flyway. Addy (1964) and

Fig. 23. Salt marsh habitat in coastal Virginia. (Photo by Holliday H. Obrecht, U.S. Fish and Wildlife Service.)
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Bellrose (1976) noted that more than half of the
Atlantic Flyway mallard population wintered in
this State. Bellrose (1976) reported that 110,000
mallards wintered in southeastern South Carolina.
The coastal plain of South Carolina includes three
major drainage systems: Combahee, Ashepoo, and
Edisto rivers; Santee and Cooper rivers along with
lakes Moultrie and Marion; and Black, Pee Dee,
and Waccamaw rivers (Kerwin and Webb 1972).
Kerwin and Webb (1972) sampled ducks through-
out these three drainages and studied their food
habits. They reported that fresh and slightly
brackish marshes were the most important feeding
areas for dabbling ducks, but that corn was also
an important food for mallards. On the tidal im-
poundments studied by Landers et al. (1976) in the
Combahee, Ashepoo, and Edisto river drainage,
mallards, green-winged teal, blue-winged teal, and
northern pintails were the most abundant species.
At Santee National Wildlife Refuge (Fig. 24) in the
Santee-Cooper river drainage, mallards, wood
ducks, American wigeon, northern pintails,
American black ducks, and green-winged teal were
the most important species (McGilvrey 1966).

Rakestraw (1981) reported that mallards on the
Santee National Wildlife Refuge were associated
with two reservoirs, adjacent farmland, and exten-
sive river bottoms. Conrad (1966), working along
the lower Pee Dee and Waccamaw rivers, found
that mallards, green-winged teal, northern pintails,
American black ducks, and wood ducks were the
most important species in that area. Important
winter species on impoundments near
Georgetown, South Carolina, included canvas-
backs, ring-necked ducks, lesser scaup, redheads,
mallards, American black ducks, northern pintails,
American wigeon, gadwall, and northern shovelers
(Alexander and Hair 1979).

Winter Survey data for Georgia indicated an
average (1950-78) of about 6,700 mallards.
Bellrose (1968, 1976) reported that 5,000-7,000
mallards wintered in Florida. Chamberlain (1960)
reported winter mallard counts for 1950-58 that
ranged from 4,000 in 1950 to 83,000 in 1953 and
averaged 34,000, or 2.4% of Florida’s wintering
waterfowl population. He stated that large mallard
concentrations occurred only on ponds and lakes
in northern Florida and that mallard occurrence

Fig. 24. Wintering mallard habitat on the Santee National Wildlife Refuge, South Carolina. (Photo by Don Voros,

U.S. Fish and Wildlife Service.)



in central and southern Florida was inconsistent
from year to year. Kushlan et al. (1982) summar-
ized Christmas Bird Count data (1951-81) for an
Everglades study area and reported that mallards
occurred in 61% of the annual counts; the max-
imum number of birds seen was 45.

Sources of Variation
in Winter Distribution Patterns

Questions about where North American mal-
lards spend the winter and about sources of varia-
tion in their selection of wintering grounds are of
interest from both management and biological
points of view. A good general picture of the
migration paths and wintering grounds for
mallards from the various breeding areas through-
out North America can be obtained from the band
recovery distributions of winter-banded mallards
(Appendix A; Martinson 1966; Geis 1971), the
band recovery distributions of preseason-banded
mallards in Anderson and Henny (1972), the data
on distribution and derivation of the mallard
harvest presented by Munro and Kimball (1982)
and Geis (1971), and the distribution figures of
Bellrose (1976). Band recovery distribution data
for mallards banded during winter in specific loca-
tions are presented by Merrill (1967), Drewien
(1968), Funk et. al. (1971), Hopper et al. (1978),
Hyland and Gabig (1980), Heusmann (1981), and
Rakestraw (1981).

We use winter band recovery data from both
preseason and winter bandings to investigate age-
specific, sex-specific, and short- and long-term tem-
poral variation in winter distribution patterns of
North American mallards. The use of band
recovery data to draw inferences about distribu-
tion patterns of birds has been discussed by
Hickey (1951), Crissey (1955), Geis (1972), and
Nichols et al. (1983). For the tests conducted here
we believe that those involving age- and sex-
specific variation yield the most reliable inferences,
while those involving long-term temporal variation
provide the most ambiguous results (see discus-
sions under each test).

Sex- and Age-specific Variation
Background

Both the European and North American litera-
ture on mallards contain suggestions of differences
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between males and females in migration pathways
and wintering areas. Nilsson (1976) summarized
his own count data from Sweden as well as pub-
lished data from throughout Europe, concluding
that seasonal and regional variation in mallard sex
ratios existed and that males tended to winter in
more northern, continental, and exposed coastal
areas than did females. Ogilvie and Cook (1971)
earlier reported sex-specific differences in seasonal
and geographic distributions of recoveries from
mallards banded in Great Britain. Perdeck and
Clason (1983) studied winter recoveries of mallards
banded in the Netherlands and concluded that
there was no difference in wintering area between
the sexes. In North America, some workers have
noted geographic differences in band recovery
distributions from adult male and female mallards
banded in specific areas during the preseason
period (e.g., Gollop 1965; Anderson and Henny
1972; March and Hunt 1978; Weaver et al. 1979;
Munro and Kimball 1982). Sex-specific differences
have also been found in recovery distributions of
young birds, but they appear to be much less pro-
nounced than those of adults (Lensink 1964;
Gollop 1965; Munro and Kimball 1982). North
American workers have also examined other data
sources, including counts, trap samples, and
harvest samples, and concluded that there are sex-
specific differences in migration and distribution
patterns of mallards (Leopold 1919, 1920; Petrides
1944; Bellrose et al. 1961; Funk et al. 1971; Sugden
et al. 1974). Bellrose et al. (1961) and Funk et al.
(1971) presented evidence suggesting that male
mallards in the Mississippi and Central flyways,
respectively, may winter farther north than fe-
males. This tendency has been reported for a
number of Anatid species in Europe and North
America (see reviews in Nichols and Haramis 1980;
Sayler and Afton 1981).

Several workers throughout North America have
found differences between band recovery distribu-
tions of young versus adult mallards of the same
sex banded preseason (Hickey 1951; Lensink 1964;
Gollop 1965; March and Hunt 1978; Weaver et al.
1979; Munro and Kimball 1982). Bellrose et al.
(1961) found regional variation in various estimates
of mallard age ratios. Gollop (1965) presented
evidence that adult female and young mallards
from the same water areas near Kindersley, Saskat-
chewan, did not migrate together, and he suggested
that young birds moved farther south and east
than adults.



Table 3. Age-sex class comparisons of direct winter recovery distribution patterns by reference area.?

Adult Young Adult Adult Adult Young Young Young

male vs. male male vs.  female fomale vs.  female male vs. female
Reference area n® x* df P n X2 df P n X df P n $ df P
Central Mackenzie (021) - - - - = - - - - - - - 36 1.57 2 0.46
SW Alberta (031) 33 3.20 2 0.20 - - - - - - - - 136 10.48 8 0.23
NE Southern Alberta-

SW Saskatchewan (041) 483 20.21 10 0.03 101 8.32 2 0.02 131 9.29 2 0.01 739 19.61 14 0.14
SE Saskatchewan (051) 44 3.47 2 0.18 - - - - - - - - 88 0.01 2 1.00
SW Manitoba (061) 228 13.89 6 0.03 94 0.61 2 0.74 43 1.80 2 0.41 52 0.69 2 0.71
E Ontario-

W Quebec (081) 339 19.07 6 0.00 49 4.64 2 0.10 124 5.17 4 0.27 930 13.78 18 0.74
W Washington (091) - - ) - - - - - = = - - 49 5.94 2 0.05
N California (101) 406  30.76 12 0.00 - - - - - - - - 131 5.47 4 0.24
E South Dakota (132) - - - - 63 1.71 2 0.43 - = = " B - = -
W Minnesota (133) 68 0.08 2 0.96 - - - - - - - - 176 4.55 6 0.60
Wisconsin-

N Illinois (142) - - - - 102 0.36 4 0.99 - - - - - - = -
Michigan-N Ohio-

N Indiana (143) - - - - - - - = - - - - 143 3.03 4 0.55
Western Mid-Atlantic (1561) - - - - - - - - 57 4.34 2 0.11 72 3.13 2 0.21
'l‘ot.ald 1,601 44.22 14 0.00 409 15.31 10 0.12 356 18.05 8 0.02 2,662 23.77 22 0.36

8These tests used samples of mallards banded preseason in the specified reference areas. The null hypothesis was that the geographic distribution of winter direct recoveries
was equivalent for the two age-sex classes tested. Mardia’s (1967) test was used.
Preseason reference areas and codes of Anderson and Henny (1972).

°n denotes the number of recoveries included in the test.

m
dThe total x2 value was computed as -2 L In P; with 2m degrees of freedom. P; denotes the probability associated with reference area i of the m total areas.
i=1
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Methodology

To address questions about sex- and age-specific
variation in winter distribution patterns, we tested
for differences in the winter band recovery
distributions of mallards banded preseason in
specific breeding areas during specific years. Only
direct recoveries from the December-February
period were used in this analysis. A minimum of
10 recoveries from each of the two age-sex classes
in each comparison was required for inclusion in
the analysis. Mardia’s (1967) test was used to test
the null hypothesis of equivalent winter band
recovery distribution patterns. Two separate
analyses were conducted for recoveries of birds
banded (1) in specific preseason reference areas
(Anderson and Henny 1972), and (2) in specific
degree blocks. In each analysis, some banding
areas were represented by several banded samples
and tests (i.e., for some comparisons in some areas
the sample size criterion was met by several
specific banding years), while others were
represented by only a single test. Summary test
statistics for banding areas with more than one
sample were obtained by summing the chi-square
statistics and degrees of freedom associated with
the individual year comparisons. Continental sum-
mary test statistics were computed using the prob-
abilities associated with each banding area test
statistic (summary statistic is computed as

and is distributed as chi-square with 2m degrees
of freedom where i denotes banding area, P;
denotes probability level, and m is the total
number of reference areas; see Sokal and Rohlf
1969) and essentially give each banding area equal
weight, regardless of the number of individual year

comparisons in each area.

Results and Discussion

Results of the age-sex class comparisons of
winter recovery distribution patterns are
presented for the reference area analysis (Table 3)
and, in summary form, for the degree block
analysis (Table 4). The test for sex-specific varia-
tion in winter distribution pattern was provided
by the young male versus young female and adult
male versus adult female comparisons. Young
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male and female mallards from specific breeding
areas exhibited very similar recovery distribution
patterns the first winter after banding. The null
hypothesis of similar distributions could not be re-
jected (P > 0.10) despite the large samples and
resultant high power (relative to the other age-
sex comparisons) of the test. The comparison of
adult male versus adult female recovery distribu-
tions also yielded nonsignificant continental test
statistics (P > 0.10), although the probability levels
were lower than those resulting from the com-
parisons of young mallards (Tables 3 and 4).

Qur results indicate that within an age class,
male and female mallards exhibit similar band
recovery distribution patterns. These results sug-
gest that differences in total hunting season (fall
and winter) recovery distribution patterns of adult
males versus adult females found by other North
American workers (Gollop 1965; Anderson and
Henny 1972; March and Hunt 1978; Weaver et al.
1979; Munro and Kimball 1982) result mostly from
differences in the timing of migration rather than
in ultimate wintering ground destination. When
we examined the mean latitudes of the adult
winter recovery distributions compared in
Table 3, we found that the mean for males was
greater (farther north) than that for females in four
of the six distributions. This is not significantly
different from the proportion (three of six) ex-
pected under the null hypothesis. In the reference
area (041) yielding the test statistic with the lowest
probability level (Table 3), the mean latitude of the
female recovery distribution was slightly north of
that for males.

We were surprised by the apparent absence of
sex-specific differences in winter band recovery
distributions. Male mallards are generally thought
to winter farther north than females, and Funk et
al. (1971) presented ‘‘preliminary results” of
January counts in the Central Flyway indicating
“‘extremely high proportions of males” in the north
to “nearly equal sex ratios” in the south. We
believe it is interesting that European workers
who have examined direct counts of wintering
mallards (Nilsson 1976) have noted higher propor-
tions of males in northern areas, whereas workers
who have investigated winter band recovery
distribution patterns (Perdeck and Clason 1983)
have found no sex-specific differences.

There are several possible explanations for the
apparent differences between our results and those
of Funk et al. (1971). First, we note that while
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December-February band recoveries provide a
good sampling of most important mallard winter-
ing areas, extreme northern wintering areas are not
as well-represented in our recovery samples as are
mid-latitude and southern areas. In some north-
ern wintering areas hunting seasons occasionally
ended before December during some years (Martin
and Carney 1977), although such occurrences were
relatively rare. Differences in sex-specific tenden-
cies to winter in extreme northern areas may have
gone undetected by our tests. It has also been sug-
gested to us that perhaps the selectivity of hunters
for the two sexes might vary by latitude in a man-
ner that might obscure true distributional dif-
ferences. Another possibility is that direct counts
of birds may tend to sample different proportions
of males and females at different latitudes. Male
and female mallards exhibit differences in habitat
selection within wintering areas (Jorde 1981;
Ferguson et al. 1981; Rabenberg 1982; Heitmeyer
and Vohs 1984), and these differences could result
in different probabilities of the sexes appearing in
aerial or ground counts of these areas (Rabenberg
1982). If either the relative availability of different
habitats or the actual selection of habitat by the
birds changed with latitude, then sex ratio data
from such counts might be misleading.

The above scenarios concern the possibility that
either winter band recovery distributions or direct
counts are yielding misleading results. It is also
possible that inferences resulting from both
methodologies are correct, and that the apparent
inconsistency results from the fact that they ad-
dress slightly different questions. In the band
recovery analyses we try to determine whether

males and females from the same breeding
grounds also winter in the same places. But direct
counts are used to determine whether different sex
ratios exist in different wintering areas, without
respect to the breeding ground origin of the birds
involved. If different areas throughout the mallard
breeding range exhibit different sex ratios at the
time of banding (i.e., July-September), then males
and females of similar breeding ground origin
could travel to the same wintering grounds and
still produce latitudinal variation in sex ratio dur-
ing the winter. It is also possible that males and
females from certain breeding areas exhibit similar
winter distributions whereas birds from other
areas show large differences, and that our banded
samples happened to come from the former group.

The apparent similarity of winter distribution
patterns of the two sexes indicated by our analyses
is consistent with a recent hypothesis of Hepp and
Hair (1984). They emphasized the importance of
pairing chronology to winter distribution of the
sexes, and suggested that early-pairing Anatid
species should exhibit less wintering ground
segregation than late-pairing species. The mallard
is generally thought to pair early (i.e., in fall and
early winter; see Johnsgard 1960; Weller 1965;
Barclay 1970), and our finding of similar winter
distributions thus fits this prediction. Perdeck and
Clason (1983) also suggested that early pair for-
mation in the mallard may be responsible for the
observed wintering ground similarity.

The test for age-specific variation in winter
distribution pattern was provided by the adult
male versus young male and adult female versus
young female comparisons. Results of the female

Table 4. Summary statistics for age-sex class comparisons of direct winter recovery distribution
patterns by degree block of banding.®

Sample size Test statisticP
Comparison Degree blocks Recoveries x? df P
Adult male vs. young male 10 938 23.59 20 0.26
Adult female vs. young female 4 169 18.20 8 0.02
Adult male vs. adult female 7 547 19.21 14 0.16
Young male vs. young female 12 867 18.08 24 0.80

a’l‘.hese tests used samples of mallards banded preseason in specific degree blocks. The null hypothesis was that the geographic
distribution of winter direct recoveries wagz equivalent for the two age-sex classes tested. Mardia’s (1967) test was used.

b The total x2 value was computed as -2 L In P; with 2m degrees of freedom. P; denotes the probability associated with

degree block i of the m total blocks.

i=1



comparisons were unambiguous, as the continen-
tal test statistics in both the reference area and
degree block analyses indicated rejection (P < 0.05)
of the null hypothesis (Tables 3 and 4). However,
only one of four reference area test statistics and
one of four individual degree block test statistics
were significant (P < 0.10). In the comparison of
adult male versus young male distributions, the
continental test statistic for the reference area
analysis strongly indicated rejection (P < 0.01) of
the null hypothesis (Table 3), while the continen-
tal test statistic for the degree block analysis was
not significant (Table 4). In general, the degree
block tests involved smaller banded samples than
the reference area tests and were thus less power-
ful. However, the degree block tests have the ad-
vantage of precluding possible geographic
variation in the banding locations of the groups
being tested which might lead to incorrect in-
ferences. For example, in a reference area test it
would be possible for most of the young males to
come from the eastern portion of the reference area
and most of the adults from the western portion.
If the winter recovery distribution patterns of the
adults were found to be centered farther west than
that of young birds, then we would not know
whether this resulted from age-specific migration
differences or from banding location differences.
We examined the geographic banding distribu-
tions of young and adult males within each
reference area for each year compared in Table 3
and concluded that in most instances they were
very similar. This similarity, and the fact that 2
of the 10 individual degree block test statistics in-
dicated significant rejection of the null hypothesis
(P = 0.02, P = 0.06), lead us to tentatively con-
clude that there is a tendency (at least in some
areas) for young and adult males to exhibit slight
differences in wintering grounds.

Gollop (1965) and Martinson and Hawkins (1968)
reported evidence from banded young broodmates
and adult female mallards that adult and young
birds often migrate independently, sometimes to
different wintering grounds. In a discussion of
mallard migration behavior, Bellrose and
Crompton (1970) presented their ‘“‘foster-parent
hypothesis”” which asserts that young birds
become associated with groups of adults (often
from different breeding areas) on premigration
staging areas. Bellrose and Crompton (1970) sug-
gested that these chance associations of young and
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adult birds from different breeding areas can result
in the young birds following the adults to different
wintering grounds from those of their parents.
This hypothesis provides a potential explanation
for our observed differences in young versus adult
winter recovery distribution patterns. Young
mallards may also be more responsive to en-
vironmental variables than adults when selecting
wintering ground locations (see Nichols et al.
1983). Adult mallards may tend to return to the
same wintering grounds as in previous years and
thus attain any advantages associated with site
familiarity. Young birds cannot realize potential
advantages associated with wintering ground
familiarity and might thus be more influenced by
environmental factors. Young birds might also
simply exhibit different physiological tolerances
to certain climatic conditions than adults, and this
could also lead to age-specific differences in winter
distribution patterns.

If young from a particular breeding area tend
to consistently reach staging areas (or attain
migratory readiness on those areas) at the same
time as adults from other specific breeding areas,
then we might expect the winter recovery distribu-
tions of young birds to differ from those of adults
of the same reference areas in some consistent
manner (e.g., young consistently farther south and
east than adults, as for the Kindersley mallards
of Gollop 1965). We might also expect consistent
differences between winter distributions of young
and adult mallards, if the age classes respond dif-
ferently to climatic conditions. For example, young
birds might migrate farther south than adults if
they were less able than adults to withstand
stressful winter weather conditions (e.g., because
of body size differences; see Calder 1974).

We compared the geographic centers of the
adult and young recovery distributions used in
Table 3. In 10 of the 25 comparisons represented
in Table 3, the center of the adult recovery
distribution was farther north than that of young
mallards. Similarly, in 10 of the 25 comparisons,
adults were recovered farther west than the young.
These proportions are not significantly different
from expectation under a null hypothesis of no
consistent directional difference between adult and
young recovery distribution centers. However, it
still might be possible for adults and young from
specific breeding areas (rather than continentally)
to exhibit consistent wintering ground differences.
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We considered this possibility for reference areas
having three or more years of data represented in
the analysis of Table 3.

No consistent differences occurred between
wintering distributions of young and adult
mallards banded in NE Southern Alberta-SW
Saskatchewan (041; Table 3). During some years,
young mallards were recovered substantially
farther south and east than adults, but during
other years adult recoveries were centered farther
south and east. Winter recoveries of birds banded
in specific degree blocks in this reference area also
showed temporal variation in the difference be-
tween the age classes. Winter recoveries from SW
Manitoba (061; Table 3) were available for males
for 3 years and females for 1 year. The adult males
were recovered farther east than the young dur-
ing all 3 years. Winter recoveries from both adults
and young from this reference area were massed
around the lower Mississippi River Valley, but
adult recoveries were consistently more prevalent
(though still not numerous) in coastal areas of the
mid-Atlantic States and the southeastern United
States. Similarly, adult male recoveries from birds
banded in E Ontario-W Quebec (081; Table 3) were
consistently (3 years of data) more closely
associated with the Atlantic coast than those of
young males, which were found more frequently
along the Ohio and Mississippi River valleys.
However, there were no consistent differences be-
tween the recovery distributions of young and
adult females from this area. Among birds banded
in N California (101) young males were consistent-
ly (6 of 6 tested years) recovered slightly farther
north than adult males, although the majority of
recoveries from both groups occurred in the
Central Valley of California.

Short-term Temporal Variation
Background

The mallard literature contains conflicting
reports about whether or not birds return to the
same wintering areas year after year. Similarities
of first winter versus subsequent winter band
recovery distribution patterns have led some
workers to conclude that mallards generally tend
to return to the areas in which they spend their
initial winter (Munro 1943; Cartwright and Law
1952; Boyd and Ogilvie 1961; Crissey 1965; Gollop
1965; Martinson 1966; Drewien 1968). In fact,
Munro (1943) concluded from his mallard studies

in the Pacific Northwest that . . . units of popula-
tion remain together on the wintering ground in
successive years and, presumably, visit the same
localities to nest in summer.”” However, Pullianen
(1963) and Nilsson (1973) noted variations in
winter mallard counts in areas of Scandinavia and
suggested that they were associated with winter
weather conditions. Examinations of band
recovery distributions of North American mallards
led Lensink (1964) and Bellrose and Crompton
(1970) to conclude that the direction of migration
from breeding areas was constant from year to
year for some populations, but that wintering
ground latitude varied in response to weather and
perhaps food availability. Bellrose and Crompton
(1970; see also, Martinson 1966) suggested that
such “flexible homing behavior’’ was character-
istic of mallards in the Mississippi migration cor-
ridor (Bellrose 1968). Hopper et al. (1978) examined
the winter recovery distributions of mallards
banded during winter in Colorado and concluded
that subadults exhibited ‘“a relatively weak
association with a particular migration route or
wintering area.”’

Methodology

We used two general types of hypothesis tests
to address questions about possible temporal
variation in wintering areas of specific groups of
mallards. We used Mardia’s (1967) test (in conjunc-
tion with mallards banded preseason in specific
years) to test the hypothesis that the distribution
pattern of bands recovered during the first winter
after banding (direct recoveries) was similar to that
of bands recovered during subsequent winters (in-
direct recoveries). As in the previous analyses, we
defined the winter recovery period as extending
from December to February. A minimum of 10 re-
coveries from each of the two classes (direct and
indirect) was required for inclusion in the analysis.
Separate analyses were again conducted using (1)
preseason reference areas and (2) specific degree
blocks as the banding areas. Summary test
statistics for specific areas and North America
were computed in the same manner as for the age-
sex class comparisons.

Additionally, we conducted tests directed at the
possible age- and sex-specificity of temporal varia-
tion in winter distribution patterns, by using
winter banding data and corresponding band
recoveries. We examined the proportion of band
recoveries from the first winter after banding



(December-February) occurring in the general area
of banding, and asked whether these proportions
differed among the age-sex classes for specific
areas. Although tests based on single years of
banding would have been preferable, we could not
obtain enough recoveries in this manner.
Therefore, we chose combinations of years for each
banding area such that there were at least 20 total
recoveries with at least 7 in each of the compared
age-sex classes. Also, we limited the banding
periods to years in which reasonable numbers of
birds were banded in each of the age-sex classes
being compared. In one analysis we used winter
banding reference areas as both the banding and
recovery areas of interest. In the other analysis
we examined specific degree blocks of banding and
computed the proportion of subsequent winter
recoveries occurring in the banding block and the
eight degree blocks immediately surrounding it.
Conditional (conditioned on the number of
recoveries for the tested groups) z statistics
(Snedecor and Cochran 1967) were computed for
each banding area. Composite statistics for all
areas were computed as:

= g Zi /‘/n_
i=1

where 2; is the statistic for banding area i, and n
is the number of areas.

Results and Discussion

Significant (P < 0.10) differences were found be-
tween the direct and indirect winter recovery
distribution patterns of male mallards (both adult
and young) in both the reference area (Table 5) and
degree block (Table 6) analyses. Nonsignificant
test statistics were obtained for adult females in
both analyses (Tables 5 and 6). The two analyses
yielded conflicting results for young females, with
the reference area analysis indicating a significant
difference (P = 0.03), and the degree block analysis
showing no difference (P = 0.44).

We are interested in using these tests of similar-
ity of direct versus indirect recovery distribution
patterns to draw inferences about temporal varia-
tion in winter distribution patterns of mallards.
However, such tests could be affected by substan-
tial changes in hunting regulations occurring in
some portions of the wintering grounds but not
in others. We examined hunting regulations in the
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periods and States of interest for banding areas
that showed significant test statistics (Tables 5
and 6) and subjectively concluded that such ma-
jor regulation changes were probably not impor-
tant in influencing results of these tests. The
significant test statistics thus suggest that
mallards do not necessarily return to the same
wintering areas every year. Such changes may in-
deed represent responses to weather or food
availability, as hypothesized by Bellrose and
Crompton (1970). Recently, we tested this hypoth-
esis for mallards wintering in the Mississippi
Alluvial Valley and concluded that environmental
variables (e.g., winter temperature and water con-
ditions) do influence distribution patterns in at
least some winters (Nichols et al. 1983).

Although we did find evidence of temporal varia-
tion in winter distribution patterns, it is important
to place this inference in proper perspective. In all
age-sex classes there were a number of reference
areas showing nonsignificant test statistics, and
hence similar recovery distributions over the years
(Tables 5 and 6). In most of the instances in which
significant test statistics were obtained, the geo-
metric centers of the direct and indirect recovery
distributions were very close (often < 1 degree
latitude or longitude), and plots of the distribu-
tions also had similar general appearances. We
conclude that mallards exhibit some temporal
variation in wintering grounds, but that such
variation is relatively small and that mallards do
indeed exhibit a tendency to return to general
wintering areas year after year (see also Martinson
1966).

We used the tests of recoveries from winter
bandings (Tables 7 through 11) to ask whether the
degree of temporal variation that occurs in winter-
ing areas is a function of age-sex class. The pro-
portions of winter recoveries occurring in the
general area of banding differed significantly
(P < 0.01) for adult and subadult males in 2 of 10
reference areas (Table 7). In 9 of the 10 tested
areas, the actual proportion of recoveries occur-
ring in the banding reference area was greater for
adult males than for subadult males, and the com-
posite statistic for North America was significant
(Table 7). In the degree block analysis, 5 of the
10 degree block test statistics were significant
(P < 0.10), as was the continental statistic (P <
0.01), and proportions of recoveries in the area of
interest were higher for adults in all 10 tests
(Table 11). In the adult female versus subadult



Table 5. Direct versus indirect winter recovery distribution test results by preseason reference area of banding.?

Male Female
Adult Young Adult Young
Reference area nP x2 df P n x? df P n x2 i P n 2 df P
SW Alberta (031) 437 18.94 12 0.09 91 1.24 2 0.54 - - - - 44 0.09 2 0.96
NE Southern Alberta-

SW Saskatchewan (041) 1,393 51.29 30 0.01 1,150 47.71 26 0.01 58 2.26 2 0.32 569 23.83 14 0.05
SE Saskatchewan (051) 193 7.93 6 0.24 119 4.40 4 0.35 - - - - 61 3.15 2 0.21
SW Manitoba (061) 516 23.51 14 0.05 94 238 4 0.67 - - - - - - - -
E Ontario-W Quebec (081) 161 3.06 4 0.55 1,163 81.61 18 0.00 - - - - 538 19.18 14 0.16
N California (101) 1,216 22.89 30 0.82 377 14.43 12 0.27 - - - - - - - =
Central California (102) - = - = 131 5.46 4 0.24 - - - - - - - -
Idaho (111) 63 5.42 2 0.07 66 1.97 2 0.37 - - - - - - - —
W Montana (112) - - - - 132 13.46 4 0.01 - - - - - - - -
E Montana (121) 63 4.35 2 0.11 - - - - - - - - - - - -
E North Dakota (131) 327 5.21 8 0.73 = = = = = = - - - - - -
E South Dakota (132) 55 0.81 2 0.67 - - - - 62 0.19 2 0.91 - - - -
W Minnesota (133) 62 0.08 2 096 379 16.91 10 0.08 - - - - 56 0.65 2 0.72
Wisconsin-N Illinois (142) _ 175 6.39 4 0.17 56 2.64 2 0.27 117 5.98 4 0.20 - - - -
Michigan-N Ohio-N Indiana *

(143) -~ - - - 263 10.74 6 0.10 - - - - - - - -
Western Mid-Atlantic (151) - - - - 78 210 2 035 - - - - 61 17.71 2 0.02
NE United States (161) - - - - 100 14.76 4 0.01 - - - - 23 4.34 2 0.11
Total® 4,661 39.34 24 0.03 4,199 98.96 28 0.00 237 5.66 6 0.46 1,352 25.70 14 0.03

8These tests used samples of mallards banded preseason in the specified reference areas. The null hypothesis was that the geographic distribution of winter direct recoveries
was equivalent to that of winter indirect recoveries. Mardia’s (1967) test was used.
n denotes the number of recoveries includ’%d in the test.

°The total x2 value was computed as -2 L In P; with 2m degrees of freedom. P; denotes the probability associated with reference area i of the m total areas.
i=1

oy
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Table 6. Summary statistics for comparisons of direct versus indirect winter recovery distribution pat-
terns by degree block of banding.®

Sample size Test statistic?
Age-sex class Degree blocks Recoveries x2 df P
Adult male 21 4,076 57.47 42 0.06
Adult female 4 347 3.84 8 0.87
Young male 21 1,802 77.71 42 0.00
Young female 7 504 14.16 14 0.44

3These tests used samples of mallards banded preseason in sp;ciﬁc degree blocks. The null hypothesis was that the geographic
distribution of winter direct recoveries wa’% equivalent to that of winter indirect recoveries. Mardia’s (1967) test was used.

bThe total x? value was computedas -2 X In P; with 2m degrees of freedom. P; denotes the probability associated with
degree block i of the m total blocks. i=1

female comparisons, one of four areas showed a test statistic for the reference area analysis

significant (P < 0.01) test statistic in both the ref-
erence area and degree block analyses (Tables 8
and 11). An examination of the actual recovery
proportions, especially for the degree block analy-
sis, suggests larger proportions of adults near
the banding area (Tables 8 and 11). The composite

approached significance (P = 0.16; Table 8), and
that for the degree block analysis was significant
(P < 0.01; Table 11). The composite test statistic
for the reference area analysis with adult males
and females was barely significant (P = 0.10;
Table 9), but the degree block analysis showed no

Table 7. Comparison of first winter recoveries from winter-banded adult and subadult males occurring
in and out of the reference area of banding.

Subadults Adults
Total Proportion in Total Proportion in w
Reference area Years recoveries reference area recoveries reference area z pe
E Utah-

W Colorado (225) 1974-77 25 0.72 18 0.78 -0.43 0.67
W North Dakota-

W South Dakota (242) 1969-76 36 0.39 55 0.78 -3.99 0.00
SE Wyoming-

W Nebraska (251) 1968-69 16 0.75 23 0.87 -0.93 0.35
NE Colorado (252) 1968-77 179 0.56 220 0.83 -5.85 0.00
SE Colorado (253) 1968-77 17 0.53 27 0.63 -0.66 0.51
E New Mexico (261) 1968-77 43 0.74 40 0.78 -0.33 0.74
E Arkansas-

W Tennessee-

NW Mississippi (302) 1971-77 29 0.62 12 0.63 -0.04 0.97
E Tennessee (303) 1968-77 42 0.19 41 0.29 -1.09 0.28
SE Missouri-

S Illinois-

SW Indiana-W Ken-

tucky (313) 1972-77 44 0.18 52 0.14 0.63 0.53
Georgia-

South Carolina (341) 1973-77 27 0.67 37 0.68 -0.08 0.94
Totals and mean proportions 458 0.54 585 0.64 -4.04 0.00

2Probabilities correspond to a 2-tailed z-test.
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Table 8. Comparison of first winter recoveries from winter-banded adult and subadult females occurring
in and out of the reference area of banding.

Subadults Adults
Total  Proportion in Total Proportion in M

Reference area Years recoveries reference area recoveries reference area z pa
NE Colorado (252) 1968-77 58 0.50 63 0.78 -3.31 0.00
E New Mexico (261) 1969-77 11 0.73 10 0.60 0.62 0.54
W Arkansas-

W Tennessee-

NW Mississippi (302) 1971-77 16 0.69 12 0.58 0.57 0.57
Georgia-South Carolina

(341) 1973-77 22 0.73 27 0.82 0.72 0.47
Totals and mean proportions 107 0.66 112 0.70 -142 0.16

2Probabilities correspond to a 2-tailed z-test.

indication of a difference (Table 11). No evidence
of a sex-specific difference was found for subadults
in either analysis (Tables 10 and 11).

Although these test results are certainly not un-
equivocal, we suggest that they reflect a greater
tendency of adult mallards to return to traditional
wintering areas. The tests provided a fairly clear
indication of greater temporal variation in winter
distribution patterns of subadult versus adult
males. Subadult females also appeared to exhibit
greater variation than adult females, although the
evidence was not as clear as that for males. These
results are consistent with those of Hopper et al.
(1978) and with their hypothesis that ‘‘these inex-
perienced birds may be influenced more easily than

adults to stray in their second year when coming
in contact with birds utilizing different migration
routes and wintering areas’’ (Hopper et al. 1978).

The tests using recoveries of winter bandings
provided little evidence in adult birds of a sex-
specific difference in tendency to return to general
wintering areas and no evidence in young birds.
This lack of a difference between adult males and
adult females initially does not seem to fit well
with the results of Tables 5 and 6, which suggested
temporal variation in winter distribution patterns
of adult males, but not for adult females. However,
all tests with adult females are characterized by
very small sample sizes and consequent low power.
We have no evidence to suggest that adult males

Table 9. Comparison of first winter recoveries from winter-banded adult males and females occurring
in and out of the reference area of banding.

Males

Females

Total  Proportion in Total Proportion in Test statistic
Reference area Years - recoveries reference area recoveries reference area z pa
W North Dakota-

W South Dakota (242) 1969-76 55 0.78 8 0.38 2.26 0.02
NE Colorado (252) 1968-77 220 0.83 63 0.78 0.85 0.40
SE Colorado (253) 1968-76 25 0.64 14 0.55 0.53 0.60
E New Mexico (261) 1969-77 38 0.76 10 0.60 0.96 0.34
W Arkansas- . i

W Tennessee-

NW Mississippi (302) 1971-77 72 0.63 12 0.58 0.27 0.79
Georgia-South Carolina

(341) 1972-77 49 0.67 33 0.76 -0.84 0.40
Totals and mean proportions 459 0.72 137 0.61 1.65 - 0.10

@Probabilities correspond to a 2-tailed z-test.
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Table 10. Comparison of first winter recoveries from winter-banded subadult males and females occurring
in and out of the reference area of banding.

Males Females
Total Proportion in Total Proportion in w
Reference area Years recoveries reference area recoveries reference area z pe
W North Dakota-

W South Dakota (242) 1971-77 35 0.46 i 0.43 0.14 0.89
SE Wyoming-W Nebraska

(251) 1966-76 52 0.67 10 0.40 1.63 0.10
NE Colorado (252) 1964-77 235 0.56 83 0.48 1.19 0.23
E New Mexico (261) 1966-77 52 0.75 14 0.79 -0.29 0.77
W Arkansas-

W Tennessee-

NW Mississippi (302) 1967-77 69 0.68 41 0.73 -0.57 0.57
E Tennessee (303) 1967-77 48 0.25 18 0.17 0.77 0.44
Georgia-South Carolina

(341) 1967-77 73 0.69 52 0.71 -0.32 0.75
Totals and mean proportions 564 0.58 225 0.53 0.96 0.34

2Probabilities correspond to a 2-tailed 2-test.

and females do not exhibit similar degrees of varia- locations. Such shifts are not only of interest
tion in winter distribution patterns. biologically but are also important and sometimes
controversial from management and political per-

o spectives (Yancey 1976). Some of the more

Long-term Temporal Variation dramatic local shifts of the past three decades
Background resulted from the creation of ‘“‘new’’ habitats. For
example, extensive water-control developments

Mallards can rapidly exploit new wintering and subsequent grain production along the
habitats, and this sometimes results in relatively Columbia and Snake rivers in Oregon,
rapid, but long-lasting, shifts in wintering ground Washington, and Idaho produced a nearly fourfold

Table 11. Summary statistics for comparisons of the proportions of recoveries occurring near the degree
block of banding.®

Sample size Test statistic
Comparison (A vs. B) Degree blocks Recoveries Prop. A> Prop. BP z° pd
Adult male vs. 10 797 10 6.25 0.00
subadult male
Adult female vs. 4 153 4 2.58 0.01
subadult female
Adult male vs. 6 430 2 -0.02 0.98
adult female
Subadult male vs. 7 639 5 0.86 0.39

subadult female

ﬂThe recovery area of interest included the degree block of bandmg and the eight degree blocks immediately surrounding it.
bNumber of degree blocks in which the proportion of recoveries near the bandmg block was greater for age-sex class A than
for class B.
cPosmve z indicates a greater proportion of recoveries near the banding block for age-sex class A.
dprobabilities correspond to a 2-tailed z-test.




Table 12. Comparison of direct winter recovery distribution patterns of mallards banded preseason 1950-58 versus 1966-76.%

Male Female
Adult Young ‘ Adult Young
Reference area nP x* d P n X df P n X df P n ¥ df P
Central MacKenzie (021) 30 2.05 2 0.36 79 4.83 2 0.09 - - - - 65 0.95 2 0.62
NE British Columbia- - - - - 58 2.61 2 0.27 26 2.07 2 0.35 63 1.18 2 0.55
NW Alberta (022)
SW Alberta (031) 239 0.34 2 0.84 166 6.53 2 0.04 37 216 2 0.34 109 1.51 2 0.47
NE Southern Alberta- 578 15.40 2 0.00 585 11.27 2 0.00 161 7.93 2 0.02 460 3.08 2 0.21
SW Saskatchewan (041)
SE Saskatchewan (051) 199 21.44 2 0.00 139 4.33 2 0.11 - - - - 119 2.38 2 0.30
SW Manitoba (061) 363 7.93 2 0.02 253 0.99 2 0.61 107 10.69 2 0.00 183 0.52 2 0.77
E Ontario-W Quebec (081) - - - - 653 2.95 2 0.23 - - - - 401 5.21 2 0.07
W Washington (091) - - - - 101 5.28 2 0.07 42 1711 2 0.03 66 18.40 2 0.00
E Washington (092) = e - - 89 11.82 2 0.00 - - - - 90 10.00 2 0.01
W Oregon (093) - - - - 57 1.98 2 0.37 27 1.05 2 0.59 41 2.87 2 0.24
E Oregon (094) 94 0.87 2 0.65 128 17.27 2 0.00 53 1.43 2 0.49 82 4.74 2 0.09
N California (101) 579 17.68 2 0.02 382 1.82 2 0.40 180 4.40 2 0.11 136 9.18 2 0.01
Central California (102) 76 10.40 2 0.01 232 27.62 2 0.00 54 17.39 2 0.02 118 16.17 2 0.00
Idaho (111) 79 4.16 2 0.12 83 5.57 2 0.06 - - - - 42 2.33 2 0.31
Utah (114) 35 0.83 2 0.66 - - - - - - - - - - - -
E Montana (121) 76 297 2 0.23 40 4.49 2 0.11 - - - - ~ - - -
S Central Colorado (127) - - - - - - - - 57 495 2 0.08 64 3.39 2 0.14
E North Dakota (131) 204  3.08 2 0.21 78 1.48 2 0.49 - - - - 47 9.82 2 0.01
E South Dakota (132) - - - - 44 0.69 2 0.71 - = = = 61 2.83 2 0.24
W Minnesota (133) 134 1.02 2 0.60 260 10.44 2 0.01 88 4.30 2 0.12 199 5.43 2 0.07
E Minnesota-E Iowa (141) - - - - 79 1.87 2 0.39 - - - - a L i =
Michigan-N Ohio- - - - - 291 4.80 2 0.09 - - - s 235 0.17 2 0.92
N Indiana (143)

Western Mid-Atlantic (151) = = = - 197 18.00 2 0.00 81 6.14 2 0.05 169 14.23 2 0.00
Chesapeake Bay Region (152) - - - - 37 1.34 2 0.51 - - - - =

NE United States (161) - - - - 171 3.95 2 0.14 - - - 140 14.42 2 0.00
Total 2,686 178.17 26 0.00 4,202 151.93 46 0.00 913 59.62 24 0.00 2,890 129.35 42 0.00
8These tests used samples of mallards banded preseason in the specified reference areas. The null hypothesis was that the geographic distribution of winter direct recoveries

was equivalent for the banding periods 1950-58 and 1966-76. Mardia’s (1967) test was used.
n denotes the number of recoveries included in the test.
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increase in mallards wintering in this area during
the 1950’s and early 1960’s (Buller 1975; Ball et
al. 1979). Reservoir construction and other water
resource projects are believed to be largely re-
sponsible for the substantial increases in mallards
wintering in Kansas over the last two decades
(Buller 1975).

At the continental level, Anderson and Henny
(1972) compared mallard recovery distributions of
the 1950’s with those of the 1960’s for some breed-
ing reference areas. Although they noted some dif-
ferences, it is difficult to interpret their results in
terms of wintering grounds, because their recovery
data spanned the entire hunting season.
Johnsgard (1961b) used Auduban Society
Christmas count data to conclude that mallards
were increasing relative to black ducks in Eastern
States and that the mallard was ‘‘invading the
East.” He suggested that these changes were
caused by increases in breeding habitat resulting
from changes in land-use patterns. Mallard har-
vest estimates provide some evidence that propor-
tionally more mallards are now being shot in
Southern States than in previous decades Martin
and Carney 1977; MBMO files; but see Yancey
1976).

Methodology

We addressed the question of whether or not
there have been long-term shifts in mallard winter
distribution patterns by testing for differences in
first year winter band recovery distributions be-
tween the two periods, 1950-58 and 1966-76.
These periods are separated by the drought years
of 1959 and the early 1960’s. We used Mardia’s
(1967) test in conjunction with direct recoveries of
birds banded in specific breeding areas during
these periods. A minimum of 10 recoveries during
each of the two time periods was required for the
analysis. Separate analyses were again conducted
on birds banded in specific (1) breeding reference
areas and (2) degree blocks. Continental summary
test statistics were computed by summing chi-
square statistics and their associated degrees of
freedom.

Results and Discussion

A number of reference areas for each age-sex
class showed significant (P < 0.10) differences
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between winter recovery distribution patterns oc-
curring during the two periods, and the continental
test statistics for all age-sex classes were highly
significant (P < 0.01; Table 12). Shifts in banding
locations within reference areas could have caused
these differences, but the significant (P < 0.05)
summary statistics in the degree block analysis
suggest that this was not the case (Table 13). As
in our tests for short-term temporal variation,
changes in hunting regulations in certain parts of
the wintering grounds could have been partially
responsible for the observed differences. Again,
the actual centers of the recovery distributions
were generally very close, despite the significant
test statistics.

We used the centers of the recovery distribu-
tions from the two periods to look for major direc-
tional shifts in wintering distributions at the
continental level. Mean latitude of the 1966-76
recovery distribution was farther south than that
of the 1950-58 distribution in 13 of 23 reference
areas for young males (not significantly different
from that expected under a null hypothesis of
equal numbers of differences in each direction,
P >0.10, 2-tailed binomial test), 13 of 20 reference
areas for young females (P > 0.10), 9 of 13 for adult
males (P > 0.10), 5 of 12 for adult females (P
> 0.10), and 40 of 68 for all age~sex classes com-
bined (P > 0.10). Mean longitude of the 1966-76
recovery distribution was farther east than that
of the 1950-58 distribution in 7 of 23 reference
areas for young males (P = 0.09), 9 of 21 for young
females (P > 0.10), 9 of 13 for adult males (P
> 0.10), 4 of 12 (P > 0.10) for adult females, and
29 of 69 for all age-sex classes combined (P > 0.10).
Thus, we did not find evidence of a consistent
directional shift in winter distribution patterns at
the continental level.

There is probably no reason to expect mallards
throughout North America to exhibit wintering
ground shifts in the same direction. Instead, we
would expect shifts to occur in response to such
factors as habitat changes in the potential winter-
ing areas associated with particular breeding
grounds. We examined the recovery distribution
centers for the two periods, 1950-58 and 1966-76,
for groups of breeding reference areas that share
common wintering grounds in broad regions of
North America. This examination suggested that
birds from the prairie breeding reference areas of
Canada and the United States (reference areas 031,
041, 051, 061, 121, 131, 132, and 133; Anderson
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and Henny 1972) generally exhibited more
southerly winter recovery distributions in 1966-76
than in 1950-58. Among these reference areas, the
mean latitude of the 1966-76 winter recovery
distribution pattern was farther south than that
of 1950-58 in 6 of 8 areas for young males (P
> 0.10, 2-tailed binomial test), 7 of 7 areas for
young females (P = 0.02), 6 of 7 areas for adult
males (P > 0.10), 3 of 4 areas for adult females
(P > 0.10), and 22 of 26 for all classes combined
(P < 0.01).

We believe that interpreting results of the long-
term temporal variation analyses is more difficult
than interpreting results of the short-term tem-
poral variation and sex- and age-specific variation
analyses. This difficulty results from the greater
possibility that long-term temporal variation in
winter band recovery distribution patterns reflects
changes in geographic patterns of hunting
pressure, as well as changes in actual distribution
patterns of mallards. We conclude that winter
band recovery distributions, and probably actual
mallard distribution patterns, differed between the
tested periods. Because of the substantial changes
that have occurred in important areas of mallard
wintering habitat in the last three decades, we ex-
pected some change in distribution patterns.
However, we found no evidence of a general ten-
dency for mallards from specific breeding areas to
winter farther eastward in recent years. Therefore,
recent increases in wintering mallard populations
in the east probably result from increases in
eastern breeding populations (Johnsgard 19615),
rather than simply from eastward shifts in winter-
ing grounds. Finally, we found evidence that
winter band recovery distributions of prairie-
banded mallards are centered farther south now
than in the 1950’s, a result consistent with mallard

harvest survey data, but we do not know whether
this is a result of hunting pressure changes,
mallard distribution changes, or both.

Sources of Variation
in Survival and
Recovery Rates

Survival rates, reproductive rates, and rates of
migration in and out of a population are the funda-
mental parameters that determine the rate of
population change. For population management,
we would like to obtain estimates of these param-
eters and, more important, to learn something of
the functional relationships affecting them (Martin
et al. 1979). Survival rate estimates based on pre-
season banding data have some advantages over
estimates based on winter bandings. A bird
banded during winter must survive the period be-
tween winter and the beginning of the next hunt-
ing season (i.e., 30 January-1 September) to have
a chance of being recovered. The period between
banding and the beginning of the hunting season
is much shorter for a bird banded preseason (i.e.,
15 August-1 September), and a bird’s probabili-
ty of surviving it is thus much higher. For this
reason, birds banded preseason generally have
higher recovery rates (see Terminology and Defini-
tions) than birds banded during winter. The preci-
sion of the Brownie et al. (1978) survival rate
estimates is directly dependent on recovery rate;
therefore, survival estimates based on preseason
bandings tend to be more precise than those based
on winter bandings. Nichols et al. (1982b) studied
the effects of heterogeneity of survival and
recovery rates on band recovery model estimates
and concluded that the resulting bias in survival

Table 13. Summary statistics for comparisons of direct winter recovery distributions of mallards banded
preseason 1950-58 versus 1966-76, by degree block of banding.®

Sample size Test statistic
Age-sex class Degree blocks Recoveries % df P
Adult male 11 1,623 49.26 22 0.00
Adult female 4 305 18.63 8 0.02
Young male 9 1,249 43.02 18 0.00
Young female 10 817 59.18 20 0.00

8These tests used samples of mallards banded preseason in the specified degree blocks. The null hypothesis was that the
geographic distribution of winter direct recoveries was equivalent for the two time periods tested. Mardia’s (1967) test was used.



rate estimates would probably be larger and more
difficult to detect with winter banding data. Sur-
vival rate estimates based on winter bandings also
are not as useful as those based on preseason band-
ings for some tests of the compensatory versus ad-
ditive mortality hypotheses (cf. Anderson and
Burnham 1976). The problem arises because we do
not know when any density-dependent compen-
satory changes in nonhunting mortality might oc-
cur. Compensatory changes in response to the
hunting season of year ¢ could occur either before
or after the anniversary date (30 January, year
t+1) of our survival rate estimates. If such
changes occur before the anniversary date, then
they will be reflected in the survival estimate for
year t, S,. However, if they occur after the an-
niversary date, then S, will reflect harvest in hunt-
ing season ¢ and compensatory changes in
nonhunting mortality occurring in response to the
hunting season of year ¢-1 (see related discussion
in Conroy and Eberhardt 1983). The ability to in-
terpret results of any test for a relationship be-
tween survival rates and harvest rates or some
other indicator of hunting intensity would be
severely limited.

Despite these disadvantages, however, survival
rate estimates based on winter bandings should
provide important insights into the biology and
management of mallard populations. For example,
we should be better able to associate a banded
sample with a particular set of hunting regulations
if banding is done in the winter. Winter-banded
birds have probably spent a substantial portion
of the hunting season in the general area in which
they are banded, and certain questions about the
relationship between survival rates and area-
specific regulations can be better addressed in this
situation than with preseason bandings. Further-
more, winter bandings of known-age birds can pro-
vide insight into the timing of age-specific
mortality that cannot be obtained by preseason
banding alone. Finally, because preseason and
winter bandings provide independent estimates of
adult survival rate, they can be used in com-
parisons to gain insight into the accuracy of these
estimates.

Survival and recovery rate estimates for mal-
lards (all ages combined) banded during winter are
presented by minor reference area in Appendix B.
When interpreting these estimates, it is important
to recall the definition of recovery rate. These
recovery rate estimates are not comparable to
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those based on preseason data and are not
necessarily closely associated with harvest rates
or hunting intensity. The subsequent tests deal-
ing with sources of variation in survival and
recovery rates are based on the estimates in
Appendix B.

Age-specific Variation

Background

Information about the age-specificity of survival
and recovery rates of winter-banded birds is useful
in making inferences about the timing of age-
specific mortality. Young mallards banded
preseason have lower survival rates than adults
(Anderson 1975). If winter-banded subadults were
found to have lower survival rates than winter-
banded adults, then we could infer that birds less
than 1 year old experience greater mortality than
adults (> 1 year old) during the period, 30 Jan-
uary-15 August. However, if winter-banded
subadults and adults exhibit the same survival
rates, then we would infer that the greater mortal-
ity risks experienced by young preseason-banded
birds relative to adults must all occur during the
general period 15 August-30 January.

Until the mid-1960’s, mallards banded during
winter were typically classified as adults because
no reliable techniques were available for determin-
ing age of birds in the field. Preseason aging
criteria based on tail feather appearance and
cloacal examination were known to be invalid for
winter work (Hochbaum 1942; Kortright 1942). In
the late 1950’s, S. M. Carney developed a tech-
nique for aging mallard wings (Carney and Geis
1960; Carney 1964), and this led to the initiation
of the Parts Collection Survey (Martin and Carney
1977). In the winter of 1964 (December 1963-
February 1964), Hopper and Funk (1970) began
using Carney’s technique to determine ages of
banded mallards in Colorado. The wing technique
was validated (Hopper and Funk 1970) for field use
and is now in common use in winter banding opera-
tions throughout North America.

Two analyses dealing with the question of age-
specificity of survival and recovery rates in winter-
banded mallards have already been published.
Hopper et al. (1978) analyzed the data set from
Colorado, 1964-1972, and found no evidence that
survival or recovery rates differed between
subadults and adults. Rakestraw (1981) analyzed
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data from mallards banded during winter at the
Santee National Wildlife Refuge, South Carolina,
and also found no evidence of age-specificity in
these rates. However, Anderson (1975) used an en-
tirely different test with preseason-banded
mallards and suggested that second-year birds
may ‘“‘have at least a slight tendency to have dif-
ferent survival or recovery rates’ than either first-
year birds or birds in their third (or later) year of
life. A number of variables associated with repro-
duction have been shown to differ between first-
year and older female mallards (Krapu and Doty
1979). Because of the mortality risks believed to
be associated with reproduction in mallards
(Sargeant 1972; Johnson and Sargeant 1977;
Bailey 1981), these age-specific reproductive dif-
ferences may result in corresponding mortality dif-
ferences. It is also relevant that age-specificity of
population parameters has been noted in some
wintering diving ducks. G. M. Haramis (personal
communication) recently completed a large-scale
capture-recapture experiment on wintering
canvasbacks in Chesapeake Bay and found that
subadult birds had lower survival rates than
adults. Longwell and Stotts (1959) banded diving
ducks (Aythyini) during the winter in Chesapeake
Bay, 1952-1957, and found higher recovery rates
for subadult lesser scaup and canvasbacks than
for adults.

Methodology

Because aging techniques for winter mallards
are relatively new, there has been some confusion
about the proper age codes to assign these birds.
Age code “5” is defined (U.S. Fish and Wildlife
Service 1976) as “A bird known to have hatched
in the calendar year preceding the year of banding
and in its second calendar year of life.” This defini-
tion corresponds to our definition of ‘“subadult”
for winter-banded birds, and most banders are be-
lieved to have applied this age code appropriate-
ly. However, confusion exists about which age
codes to assign winter-banded ‘‘adults.” The ap-
propriate age code for these birds is “6’": ‘A bird
known to have hatched earlier than the calendar
year preceding the year of banding; year of hatch
otherwise unknown” (U.S. Fish and Wildlife
Service 1976). However, we are aware of some
instances in which adults in January-February
banding operations were assigned age code “1,”
defined as ““A bird known to have hatched before

the calendar year of banding” (U.S. Fish and
Wildlife Service 1976). Age code ‘‘1” is the correct
assignment for an adult banded preseason, and
even for an adult banded in December, but it is not
appropriate for an adult banded in January-
February. Age code ‘1’ actually includes both
winter-banded adults and subadults by our defini-
tions of these categories, and thus provides no in-
formation on the age of winter-banded birds. In
the following analyses we used age code ‘5"’ birds
as subadults and age code ‘6"’ birds as adults.

We used these samples of aged, winter-banded
birds to test the null hypothesis that subadults
and adults have similar survival and recovery
rates versus the alternative hypothesis that sur-
vival or recovery rates, or both, differ between the
two age classes. We used the test of model H,
versus H; described by Brownie et al. (1978).
Model H, assumes that survival and recovery
rates vary from one year to the next but that they
are the same for adults and subadults (i.e., the
model assumes no age-specificity). Model H, also
assumes year-specific survival and recovery rates
but additionally assumes age-specificity of these
rates. We only performed the H, versus H, test
on data sets that adequately fit model H,, as
assessed by a goodness-of-fit test (Brownie et al.
1978). Sex-specific H, versus H, tests were con-
ducted on data from each reference area. These
test statistics are distributed as x2, and com-
posite test statistics (over all reference areas) were
obtained by summing the reference area statistics
and their degrees of freedom.

Results and Discussion

Estimates of adult and subadult survival and
recovery rates under model H, are presented in
Tables 14 and 15, together with x2 statistics for
the H, versus H, test. Of the 19 male and female
data sets only 2 showed any evidence (P < 0.10)
of age-specificity in survival and recovery rates.
In both instances the mean adult survival rate was
somewhat higher than that for subadults. The
composite test statistics provided no evidence of
any age-specificity. We examined the mean esti-
mates of survival and recovery rates to determine
if the two age classes exhibited consistent dif-
ferences. Of the 19 data sets, 7 (binomial proba-
bility, Py, of obtaining a result this extreme if
there were no consistent differences between the
two age classes is P = 0.36) exhibited higher



survival rates for the adults, and 12 (Pz = 0.36)
showed higher recovery rates for adults (Tables 14
and 15). We conclude that there is no evidence of
a difference between survival and recovery rates
of adult and subadult winter-banded mallards. We
are thus able to pool these age categories and to
also include birds of unknown age in all subse-
quent analyses.

Among preseason-banded mallards, adults have
higher survival rates than young, with the dif-
ference being more pronounced in males (Anderson
1975). The absence of age-specific survival rate dif-
ferences in winter-banded birds suggests that this
difference in mortality risk must occur during the
interval separating the preseason and winter band-
ing periods (i.e., during 15 August-30 January).
Because this period includes the hunting season
and because young mallards banded preseason
have higher harvest rates than adults (Anderson
1975), one might be tempted to conclude that the
additional hunting mortality experienced by
young mallards is the basis for the difference in
survival rates between the age groups. However,
there is little evidence of a relation between annual
survival rates and harvest rates of young (or adult)
mallards (Anderson and Burnham 1976; Rogers et
al. 1979; Anderson et al. 1982; Nichols and Hines
1983; Burnham and Anderson 1984; Burnham et
al. 1984), considerably weakening the hypothesis
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that hunting is largely responsible for the dif-
ference between young and adult survival rates.
Even if this evidence is ignored and it is assumed
that hunting mortality is additive (Anderson and
Burnham 1976), the difference between estimated
kill rates of young and adult mallards is not large
enough to account for the entire difference in an-
nual survival rate estimates (Anderson 1975).
Nonhunting mortality rates must also differ age-
specifically.

Rakestraw (1981) suggested that the energetic
demands associated with the autumn molt and
migration may result in greater physiological
stress in young mallards than in adults. A “cost”
or increased mortality risk associated with migra-
tion is implicitly or explicitly assumed in most
hypotheses dealing with the evolution of avian
migration (Lack 1944, 1954; Cohen 1967; Cox
1968; von Haartman 1968; Gauthreaux 1978;
Greenberg 1980). Little direct evidence of such a
cost has been accumulated, but Ketterson and
Nolan (1976) speculated that potential risks in-
clude increased predation in unfamiliar stopover
sites, severe weather, and difficulty in finding suf-
ficient food in unfamiliar locations. Greenberg
(1980) argued that young birds are much more af-
fected by such migrational risks than adults, and
has postulated ‘‘heavy juvenile mortality asso-
ciated with first migrations.”” There is no direct

Table 14. Results of testing the hypothesis that subadult and adult winter-banded male mallards have
stmilar survival and recovery rates.®

Banding

Reference area years S S’ f . df x2 2
W North Dakota- 1969-76 0.675 0.778 0.038 0.037 16 15.19 0.51
W South Dakota (242)
N Wyoming (243) 1974-76 1.066 1.522 0.025 0.046 6 9.65 0.14
NE Colorado (252) 1968-77 0.754 0.761 0.041 0.037 19 20.62 0.36
SE Colorado (253) 1968-77 0.753 0.869 0.028 0.028 19 12.67 0.86
E New Mexico (261) 1968-77 0.670 0.708 0.040 0.038 19 9.10 097
E Oklahoma (281) 1972-74 0.907 0.813 0.033 0.032 6 539 049
E Texas (282) 1973-75 0.684 0.555 0.034 0.043 6 3.02 0381
S Iowa-W Missouri (292) 1968-73 0.699 0.677 0.045 0.051 12 24.53 0.02
E Arkansas-W Tennessee- 1971-77 0.707 0.801 0.041 0.039 13 18.30 0.15
NW Mississippi (302)
Georgia-South Carolina (341) 1973-77 0.623 0.702 0.051 0.055 9 796 0.54
All areas 125 126.43 0.45

8Mean adult and subadult survival rates are denoted S and S, respectively, and mean adult and subadult recovery rates are
denoted f and f. These estimates are based on model H, (Browme et al. 1978). Test statistic is based on the test of

model Hy vs. H; (Brownie et al. 1978).
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evidence of high nonhunting mortality among
young mallards during fall migration, and such
evidence probably would be difficult and expensive
to obtain. However, we do note that young
mallards appear to exhibit greater flexibility in
wintering-ground location than adults and that the
young seem to be more responsive to environmen-
tal cues when migrating south and selecting
wintering areas (Nichols et al. 1983). This suggests
either that young are more susceptible to adverse
environmental conditions than adults or that
adults attain substantial advantages from migra-
tion route and wintering ground fidelity. Either
situation could produce an age-specific difference
in survival probability during fall migration and
early winter.

Because recovery rates of winter-banded birds
reflect both January-August survival and harvest
rate or hunting intensity, it is often difficult to
draw specific inferences from these recovery rate
estimates. However, if the survival rates of winter-
banded adults and subadults are the same and if
we can assume no major differences in the timing
of mortality (i.e., when mortality occurs during the
year), then if the two ages experience similar
recovery rates we can infer that harvest rates and
vulnerability to hunting are probably also similar
for the two ages.

We recognize that the similarity of adult and
subadult survival and recovery rates could be used

to argue against the practice of aging winter-
banded mallards. However, we concur with
Hopper et al. (1978) and recommend that aging be
continued. Our age-specific comparisons of winter
distribution patterns and similar work by Hopper
et al. (1978) suggest that differences do exist in
the wintering grounds and possibly the migration
routes of subadults versus adults. Any major
changes that might occur either in mortality risks
or hunting intensity in specific areas would thus
tend to affect ages differentially, depending on the
age-specific differences in use of the affected areas.
The practice of aging birds in winter banding
operations will permit the periodic testing of
hypotheses about age-specificity and prevent our
overlooking any age-specific differences that
might occur in the future. We do suggest that sam-
ple sizes for winter banding programs designed to
estimate survival rate, be developed assuming
that age classes will be pooled. If age-specific dif-
ferences are later found to exist, then future ex-
periments can be designed accordingly.
Finally, we discourage any attempts to
generalize our results on age-specificity to other
waterfowl species. Anatids appear to exhibit
substantial variation in life history characteristics
(Patterson 1979), and differences in degree of age-
specificity of population parameters are expected.
The finding of different survival and recovery
rates for subadult and adult diving ducks on the

Table 15. Results of testing the hypothesis that subadult and adult winter-banded female mallards
have similar survival and recovery rates.?

Banding & & & %
Reference area years S S’ f i df x? P
E Utah-W Colorado (225) 1974-77 0.511 0.455 0.027 0.023 7 6.98 0.43
W North Dakota- 1971-73 0.463 0.558 0.022 0.018 6 3.61 0.73
W South Dakota (242)
NE Colorado (252) 1968-77 0.635 0.698 0.019 0.020 19 25.86 0.13
SE Colorado (253) 1970-76 0.528 0.483 0.011 0.018 14 9.43 0.80
E New Mexico (261) 1969-77 0.523 0.373 0.027 0.026 17 11.30 0.84
E Oklahoma (281) 1972-74 0.230 0.566 0.031 0.019 6 4.02 0.67
S Iowa-W Missouri (292) 1968-72 0.704 0.771 0.022 0.024 10 13.65 0.19
E Arkansas-W Tennessee- 1971-77 0.627 0.879 0.026 0.025 13 1261 0.48
NW Mississippi (302)
Georgia-South Carolina (341) 1973-77 0.531 0.448 0.044 0.032 9 15.35 0.08
All areas 101 102.81 0.40

8Mean adult and subadult survival rates are denoted S and S', respectively, and mean adult and subadult recovery rates are
denoted f and f'. These estimates are based on model H; (Brownie et al. 1978). Test statistic is based on the test of model

Hj vs. H; (Brownie et al. 1978).



Chesapeake Bay (G. M. Haramis, personal com-
munication; Longwell and Stotts 1959) illustrates
this possibility.

Sex-specific Variation
Background

Early studies on mallard population dynamics
disagreed on whether survival and harvest rates
differed between the sexes (Munro 1943; Bellrose
and Chase 1950; Hickey 1952a). Geis et al. (1969)
used the methods of Hickey (1952b) to estimate
survival rates of mallards banded during winter
throughout North America and generally found
higher survival and recovery rates among males.
Anderson (1975) applied the estimation and
hypothesis-testing methodologies of Brownie et al.
(1978) to mallards banded preseason and con-
cluded that adult males have higher survival and
recovery rates than adult females. Young males
had higher recovery rates than young females, but
no sex-specific difference in survival rates of young
birds was found. Anderson (1975) suggested that
young males may actually have slightly higher
survival rates than young females, and that his
finding of no difference probably resulted from
small sample sizes. Males and females have been
treated separately in applications of the Brownie
et al. (1978) band recovery models to winter band-
ings of mallards (Hopper et al. 1978; Hyland and
Gabig 1980; Rakestraw 1981). Female survival and
recovery rate estimates appeared lower than those
for males in these three studies, and Rakestraw
(1981) tested and rejected the hypothesis of equal
survival and recovery rates of the two sexes.

Methodology

For each minor reference area, we selected sets
of years having adequate banding and recovery
data for both males and females. We used the con-
tingency table test of Brownie et al. (1978) to test
the null hypothesis of no difference between sur-
vival and recovery rates of the two sexes. A
statistic was computed for each minor reference
area, and a composite statistic was computed by
summing these individual statistics and their
associated degrees of freedom. This test involved
both survival and recovery rates. We were also in-
terested in asking questions about sex-specific dif-
ferences in each of these parameters, separately.
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Sex-specific comparisons of survival rates and
recovery rates were thus conducted using =z
statistics (Brownie et al. 1978) in conjunction with
the parameter and variance estimates of Appen-
dix B. These tests were restricted to mean survival
and recovery rate estimates for males and females,
corresponding to exactly the same years. A
statistic was computed for each minor reference
area, and a composite statistic was computed as

Z= T 2z INn
=1

where 2; is the z statistic associated with reference
areai and n is the number of reference areas tested.
Like 2z, Z is distributed as Normal (0, 1) under the
null hypothesis.

Results and Discussion

Results of the contingency table tests of
Brownie et al. (1978) indicated strong rejection of
the null hypothesis in virtually every data set in
all reference areas, and the composite statistic was
highly significant (P < 0.01; Table 16). These
results indicated a sex-specific difference in either
survival rates, recovery rates, or both. When mean
survival rate estimates over comparable time
periods were tested, significant (P < 0.10) dif-
ferences were found in 23 of the 59 data sets
(Table 17). Of the 59 data sets, male survival rate
estimates were higher than female estimates in 55,
a result which would be extremely unlikely
(binomial probability, Pgz< 0.01) if there was no
tendency for males to have higher survival rates.
The composite Z statistic was highly significant
(P < 0.01), and the overall mean survival rate
estimate for males was nearly 0.11 greater than
that for females (Table 17). The comparisons of
mean recovery rates showed significant differences
in 38 of the 59 data sets (T'able 18). Male recovery
rate estimates were larger than those for females
in all but 5 of the 59 data sets (Pz < 0.01). The
composite Z statistic was highly significant (P
< 0.01), and the overall mean estimate for males
was 0.015 greater than that for females (Table 18).
We conclude that both survival and recovery rates
of winter-banded mallards are greater for males
than females. This conclusion is consistent with
that of Anderson (1975) based on preseason-
banded mallards, and with the analyses of Hopper
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Table 16. Results of testing the hypothesis that male and female winter-banded mallards have similar
survival and recovery rates.?

Reference area Year x2 df P
S British Columbia-W Washington (201) 1933-36 14.99 10 0.13
1960-62 26.50 10 0.00
E Washington-NE Oregon (202) 1949-57 184.60 24 0.00
1958-77 434.15 39 0.00
W Oregon-NW California (203) 1951-70 252.46 39 0.00
SE Oregon-NE California- 1950-52 17.76 T 0.01
NW Nevada (204) 1957-64 76.66 20 0.00
1966-69 61.84 11 0.00
Central California-W Nevada (211) 1953-68 243.17 35 0.00
1971-77 90.51 13 0.00
W Idaho (221) 1950-53 57.63 13 0.00
1958-61 49.83 11  0.00
1966-77 117.21 23 0.00
W Montana (222) 1949-52 28.37 12 0.00
1964-70 109.84 18 0.00
E Idaho-SW Wyoming (223) 1963-77 151.80 29  0.00
NE Nevada-W Utah (224) 1966-70 43.69 13  0.00
E Utah-W Colorado (225) 1974-77 33.75 7 0.00
S Nevada-S California-W Arizona (231) 1963-68 40.03 15 0.00
E Montana (241) 1964-67 150.57 11 0.00
W North Dakota-W South Dakota (242) 1940-43 9.02 10 0.53
1969-77 146.79 17 0.00
N Wyoming (243) 1964-67 53.44 13 0.00
1969-72 31.14 9 0.00
1974-76 19.70 (] 0.00
SE Wyoming-W Nebraska (251) 1964-76 291.93 26 0.00
NE Colorado (252) 1945-52 420.73 22 0.00
1964-77 984.20 27 0.00
SE Colorado (253) 1949-52 117.29 14 0.00
1966-77 204.36 23 0.00
S Central Colorado (254) 1950-52 56.07 11 0.00

1961-64 38.67 14 0.00
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Reference area Year x2 df p
W Kansas (255) 1936-38 13.84 12 031
1966-68 63.90 11 0.00
1972-75 47.16 8 0.00
E New Mexico (261) 1966-77 181.09 23  0.00
W Oklahoma-W Texas (262) 1972-77 19.67 11  0.05
E South Dakota (271) 1951-55 42.81 13 0.01
1960-67 144.17 21  0.00
E Nebraska (272) 1952-57 52.91 15 0.00
1966-~74 166.11 20 0.00
E Kansas (273) 1930-32 7.57 8 048
1963-70 184.89 21 0.00
1974-77 44.66 7 0.00
E Oklahoma (281) 1939-45 27.57 17 0.05
1947-57 131.55 26  0.00
1966-77 270.03 23  0.00
E Texas (282) 1964-68 32.32 12 0.00
1973-77 33.93 9 0.00
S Minnesota-N Iowa (291) 1971-77 23.90 13 0.03
S Iowa-W Missouri (292) 1952-57 25.59 15 0.04
1963-73 232.73 24 0.00
E Arkansas-W Tennessee- 1950-58 53.47 20 0.00
NW Mississippi (302) 1963-77 493.57 29 0.00
E Tennessee (303) 1953-55 9.35 7 0.23
1959-73 416.39 33 0.00
1975-77 16.16 5 0.01
E Louisiana-SW Mississippi (305) 1954-57 29.29 11  0.00
E Mississippi-Alabama (306) 1955-61 19.67 16 0.24
1963-72 135.47 23  0.00
1975-77 18.16 5 0.00
N Illinois-N Indiana-SW Michigan (311) 1958-61 16.00 12 0.19
1963-70 137.11 21 0.00
1972-74 45.48 8 0.00
SE Great Lakes Region (312) 1961-77 97.56 33 0.00
SE Missouri-S Illinois-SW Indiana- 1922-24 6.23 9 0.72
W Kentucky (313) 1955-72 693.45 37 0.00
1975-77 34.01 5 0.00
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Table 16. Continued

Reference area Year xZ df P
SE Indiana-S Ohio-E Kentucky (314) 1967-74 97.40 18 0.00
North-Atlantic States (321) 1963-76 46.67 28 0.01
Mid-Atlantic States (332) 1954-57 53.81 13 0.00
1958-77 358.31 39 0.00
North Carolina (333) 1955-57 8.76 9 0.46
1961-73 64.97 28 0.00
1975-77 2.45 5 0.78
Georgia-South Carolina (341) 1963-77 419.46 29 0.00
Total 9,578.30 1,304 0.00

8See Brownie et al. (1978).

Table 17. Results of testing the hypothesis that male and female winter-banded mallards have similar
mean survival rates.

Mean survival rate estimate

Reference area Years Males Females Difference z pa

E Washington- 1949-56 0.608 0.524 0.084 3.13 0.00
NE Oregon (202) 1958-76 0.633 0.619 0.014 0.60 0.55

W Oregon- 1951-69 0.599 0.550 0.049 1.28 0.20
NW California (203)

SE Oregon- 1950-51 0.686 0.421 0.265 1.39 0.16
NE California- 1957-63 0.678 0.583 0.095 1.38 0.17
NW Nevada (204) 1966-68 0.688 0.559 0.129 0.87 0.39

Central California- 1949-50 0.554 0.522 0.032 0.19 0.85
W Nevada (211) 1953-67 0.642 0.594 0.048 1.68 0.09

1971-76 0.617 0.543 0.074 1.02 0.31

W Idaho (221) 1950-52 0.765 0.588 0.177 1.89 0.06

1958-60 0.791 0.481 0.310 2.67 0.01
1966-76 0.635 0.631 0.004 0.05 0.96

W Montana (222) 1964-69 0.672 0.642 0.030 0.51 0.61

E Idaho-SW Wyoming (223) 1963-76 0.735 0.738 -0.003 -0.02 0.99

NE Nevada-W Utah (224) 1966-69 0.629 0.516 0.113 1.12 0.26

E Utah-W Colorado (225) 1974-76 0.700 0.551 0.149 1.53 0.13
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Mean survival rate estimate

Reference area Years Males Females Difference z p2
S Nevada-S California- 1963-67 0.658 0.698 -0.040 -0.30 0.77
W Arizona (231)
E Montana (241) 1964-66 0.660 0.485 0.175 1.32 0.19
W North Dakota- 1969-76 0.689 0.547 0.142 2.83 0.00
W South Dakota (242)
SE Wyoming- 1965-75 0.686 0.617 0.069 1.96 0.05
W Nebraska (251)
NE Colorado (252) 1964-76 0.730 0.620 0.110 6.26 0.00
SE Colorado (253) 1949-51 0.669 0.605 0.064 1.12 0.26
W Kansas (255) 1972-74 0.739 0.357 0.382 3.09 0.00
E New Mexico (261) 1966-76 0.684 0.559 0.125 2.33 0.02
W Oklahoma-W Texas (262) 1972-76 0.798 0.624 0.174 0.84 0.40
E South Dakota (271) 1951-54 0.623 0.447 0.176 2.217 0.02
1960-66 0.686 0.538 0.148 3.70 0.00
E Nebraska (272) 1952-56 0.637 0.525 0.112 2.52 0.01
1966-73 0.707 0.649 0.058 1.31 0.19
E Kansas (273) 1930-31 0.661 0.913 -0.252 -0.94 0.35
1965-69 0.691 0.623 0.068 0.96 0.34
E Oklahoma (281) 1939-44 0.535 0.486 0.049 0.83 0.41
1947-56 0.584 0.579 0.005 0.12 0.91
1966-76 0.730 0.611 0.119 2.35 0.02
E Texas (282) 1973-76 0.671 0.510 0.161 0.85 0.39
S Minnesota-N Iowa (291) 1971-76 0.667 0.507 0.160 1.40 0.16
S Iowa-W Missouri (292) 1952-56 0.682 0.555 0.127 1.32 0.19
1963-72 0.683 0.586 0.097 2.49 0.01
E Arkansas- 1963-76 0.686 0.591 0.095 3.58 0.00
W Tennessee-
NW Mississippi (302)
E Tennessee (303) 1959-72 0.626 0.553 0.073 2.71 0.01
1975-76 0.724 0.361 0.363 1.96 0.05
W Louisiana (304) 1976 0.555 0.177 0.378 2.52 0.01
E Louisiana- 1939-40 0.457 0.543 -0.086 -0.44 0.66
SW Mississippi (305) 1954-56 0.642 0.564 0.078 0.53 0.60
1976 0.628 0.468 0.160 0.59 0.55
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Table 17. Continued.

Mean survival rate estimate

Reference area Years Males Females  Difference z pe
E Mississippi- 1955-60 0.679 0.493 0.186 1.87 0.06
Alabama (306) 1963-71 0.645 0.630 0.015 0.16 0.87
N Illinois-N Indiana- 1958-60 0.656 0.482 0.174 1.33 0.18
SW Michigan (311) 1963-69 0.648 0.556 0.092 1.99 0.05
SE Great Lakes Region (312) 1961-76 0.650 0.486 0.164 2.33 0.02
SE Missouri-S Illinois- 1922-23 0.485 0.429 0.056 0.40 0.69
SW Indiana- 1963-71 0.677 0.561 0.116 7.05 0.00
W Kentucky (313)
SE Indiana-S Ohio- 1967-73 0.662 0.588 0.074 1.30 0.19
E Kentucky (314)
North-Atlantic States (321) 1963—75 0.654 0.585 0.069 1.30 0.19
Mid-Atlantic States (332) 1954-56 0.573 0.563 0.010 0.10 0.92
1958-76 0.664 0.552 0.112 5.13 0.00
North Carolina (333) 1955-56 0.622 0.501 0.121 0.67 0.50
1961-68 0.647 0.536 0.111 1.15 0.25
1975-76 0.612 0.511 0.101 0.35 0.73
Means and composite z 0.656 0.550 0.106 12.30 0.00

8Probabilities correspond to a 2-tailed z-test.

Table 18. Results of testing the hypothesis that male and female winter-banded mallards have similar
mean recovery rates.

Mean recovery rate estimate

Reference area Years Males Females Difference z pa

E Washington- 1949-57 0.069 0.050 0.019 4.86 0.00
NE Oregon (202) 1958-76 0.066 0.037 0.029 12.38 0.00

W Oregon- 1951-69 0.090 0.068 0.022 4.80 0.00
NW California (203)

SE Oregon- 1950-52 0.065 0.054 0.011 0.57 0.57
NE California- 1957-63 0.069 0.047 0.022 2.80 0.01
NW Nevada (204) 1966-68 0.069 0.053 0.016 1.07 0.29

Central California- 1949-50 0.061 0.017 0.044 3.57 0.00
W Nevada (211) 1953-67 0.059 0.038 0.021 6.75 0.00

1971-76 0.098 0.051 0.047 4.74 0.00
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Mean recovery rate estimate
Reference area Years Males Females Difference z p2
W Idaho (221) 1950-53 0.051 0.047 0.004 0.61 0.54
1958-61 0.039 0.027 0.012 1.95 0.05
1966-77 0.054 0.033 0.021 5.03 0.00
W Montana (222) 1964-69 0.038 0.028 0.010 2.87 0.00
E Idaho-SW Wyoming (223) 1963-76 0.042 0.029 0.013 3.89 0.00
NE Nevada-W Utah (224) 1966-69 0.064 0.041 0.023 3.35 0.00
E Utah-W Colorado (225) 1974-76 0.038 0.023 0.015 3.00 0.00
S Nevada-S California- 1963-67 0.069 0.041 0.028 2.73 0.01
W Arizona (231)
E Montana (241) 1964-66 0.027 0.018 0.009 1.50 0.13
W North Dakota- 1969-77 0.042 0.022 0.020 7.15 0.00
W South Dakota (242)
SE Wyoming-W Nebraska 1965-76 0.038 0.016 0.022 11.21 0.00
(251)
NE Colorado (252) 1964-76 0.040 0.021 0.019 16.04 0.00
SE Colorado (253) 1949-52 0.034 0.034 -0.000 -0.12 0.90
W Kansas (255) 1972-74 0.034 0.016 0.018 3.14 0.00
E New Mexico (261) 1966-76 0.039 0.023 0.016 4.83 0.00
W Oklahoma-W Texas (262) 1972-77 0.021 0.014 0.007 1.62 0.11
E South Dakota (271) 1951-54 0.062 0.043 0.019 . 2.15 0.03
1960-66 0.024 0.018 0.006 2.95 0.00
E Nebraska (272) 1952-56 0.077 0.070 0.007 0.99 0.32
1966-73 0.048 0.023 0.025 7.35 0.00
E Kansas (273) 1930-32 0.140 0.096 0.044 1.33 0.18
1965-70 0.037 0.022 0.015 4.97 0.00
E Oklahoma (281) 1939-44 0.073 0.062 0.011 1.39 0.16
1947-56 0.077 0.056 0.021 3.68 0.00
1966-77 0.040 0.021 0.019 8.79 0.00
E Texas (282) 1973-77 0.038 0.029 0.009 1.21 0.23
S Minnesota-N Iowa (291) 1971-76 0.046 0.029 0.017 2.36 0.02
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Table 18. Continued.

Mean recovery rate estimate

Reference area Years Males Females Difference z pa
S Iowa-W Missouri (292) 1952-57 0.073 0.049 0.024 2.49 0.01
1963-72 0.042 0.025 0.017 6.26 0.00
E Arkansas- 1963-77 0.044 0.030 0.014 7.68 0.00
W Tennessee-
NW Mississippi (302)
E Tennessee (303) 1959-72 0.053 0.036 0.017 5.82 0.00
1975-76 0.040 0.034 0.006 0.65 0.52

W Louisiana (304) 1976-77 0.032 0.024 0.008 1.23 0.22

E Louisiana- 1939-41 0.033 0.033 0.000 0.00 1.00
SW Mississippi (305) 1954-56 0.061 0.061 0.000 -0.02 0.99

1976 0.044 0.029 0.015 1.68 0.09

E Mississippi-Alabama (306) 1955--60 0.049 0.055 -0.006 -0.66 0.51

1963-71 0.050 0.033 0.017 3.41 0.00

N Illinois-N Indiana- 1958-61 0.061 0.053 0.008 0.57 0.57
SW Michigan (311) 1963-70 0.057 0.038 0.019 3.80 0.00

SE Great Lakes Region 1961-76 0.051 0.035 0.016 2.37 0.02
(312)

SE Missouri-S Illinois- 1922-23 0.129 0.109 0.020 0.56 0.58
SW Indiana- 1963-71 0.048 0.035 0.013 7.45 0.00
W Kentucky (313)

SE Indiana-S Ohio- 1967-73 0.063 0.044 0.019 2.65 0.01
E Kentucky (314)

North-Atlantic States (321) 1963-76 0.043 0.033 0.010 2.29 0.02

Mid-Atlantic States (332) 1954-56 0.054 0.061 -0.007 -0.54 0.59

1958-76 0.050 0.038 0.012 6.05 0.00

North Carolina (333) 1955-57 0.079 0.076 0.003 0.11 0.92

1961-69 0.046 0.034 0.012 1.53 0.13
1975-76 0.025 0.027 -0.002 -0.17 0.86
Means and composite 2 0.054 0.039 0.015 26.39 0.00

®Probabilities correspond to a 2-tailed z-test.



et al. (1978), Hyland and Gabig (1980), and
Rakestraw (1981) using winter-banded mallards.

Bellrose and Chase (1950) and Bellrose et al.
(1961) suggested that hen mallards suffer greater
mortality risks during the breeding and nesting
periods than do males. Recent field studies have
provided strong evidence of high mammalian
predation rates on nesting hen mallards (Sargeant
1972; Johnson and Sargeant 1977) and substan-
tial female mortality during the reproductive
season (L. M. Cowardin and D. S. Gilmer, personal
communication). In many bird species, females are
more susceptible to periods of winter stress than
males (Ketterson and Nolan 1976; Nichols and
Haramis 1980; Sayler and Afton 1981), and this
has been noted in some Anatids (Harrison and
Hudson 1964). Jorde (1981) studied wintering
mallards along the Platte River, Nebraska, and
noted that females lost weight in early winter
when males were gaining weight, and that they
spent more time feeding than males. It is possible
that such sex-specific differences translate into
greater mortality risks for female mallards during
winter. This is still speculation, however, whereas
the evidence for greater female losses during the
breeding season is now very convincing. Our
analysis of winter banding data provides no infor-
mation on the timing or causes of greater female
mortality risks.

Harvest rates estimated from preseason-banded
mallards are consistently higher for males than
females (Anderson 1975; Nichols and Hines, un-
published data). Therefore, if winter-banded males
and females have equal probabilities of surviving
the period 30 January-15 August, we would ex-
pect higher recovery rates for males. If females
have lower probabilities of surviving this period
than males, as suggested above, then this would
produce an even greater difference in recovery
rates. The observed greater recovery rates of
winter-banded males was thus expected based on
sex-specific differences in harvest and survival
rates.

Temporal Variation
Background

Survival rates are expected to exhibit some
degree of variation over time in all natural animal
populations. Some of the most interesting ques-
tions in animal population ecology deal with
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factors that cause such variation. We suspect that
a number of mallard mortality risks vary in inten-
sity from year to year. Waterfowl hunting regula-
tions and estimates of the mallard hunting kill
have varied substantially over the past two
decades (Martin and Carney 1977). Anderson
(1975) has demonstrated widespread variation
in recovery rates (indices to harvest rate) (Henny
and Burnham 1976) of preseason-banded mallards,
and some of this variation has been associated
with major changes in hunting regulations
(Martin et al. 1979; Rogers et al. 1979; Kirby et
al. 1983).

Mortality risks associated with environmental
factors probably also exhibit year-to-year varia-
tion. There is some evidence for prairie breeding
areas that mallard survival rates vary in response
to changes in number of spring wetlands and
mallard:pond ratios (Nichols et al. 1982a). Environ-
mental conditions on the wintering grounds also
vary from year to year. Winter temperatures and
precipitation may affect mallard distribution pat-
terns in winter (Nichols et al. 1983), and might also
be expected to influence mortality risks.

It is important to recognize that temporal varia-
tion in risks associated with particular mortality
sources does not necessarily imply temporal varia-
tion in annual survival rates (Anderson and
Burnham 1976). For example, if mortality risks
during some of the year act in a strongly density-
dependent manner, then these risks may effective-
ly prevent the translation of mortality from other
sources into a change in annual survival rate. The
recent inability to find a relation between mallard
harvest and survival rates (Anderson and
Burnham 1976; Rogers et al. 1979; Anderson et
al. 1982; Nichols and Hines 1983; Burnham and
Anderson 1984; Burnham et al. 1984) provides
some evidence for the existence of such a
mechanism of compensatory mortality. The
hypothesis of temporal variation in annual sur-
vival rates is thus not as trivial as it might appear
at first. Even if it were trivial biologically,
however, it would still be important to detect tem-
poral variation in survival rates before going on
to investigate causes of this variation.

We are also interested in whether temporal
variation occurs in recovery rates of winter-banded
birds. This interest is not associated with recovery
rates, per se, but with a desire to choose the most
appropriate models for estimating survival rates
(Brownie et al 1978).
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Methodology

We first tested the hypothesis that survival and
recovery rates are constant from year to year ver-
sus the alternative that one or both of these
parameters exhibit temporal variation. We con-
ducted this test on data sets corresponding to
minor reference areas, using the Model 3 goodness-
of-fit test (Brownie et al. 1978). Test statistics are
distributed as x2, and we obtained composite
statistics for each sex by summing these statistics
and their associated degrees of freedom over all
data sets.

We next conducted goodness-of-fit tests for
Models 1 and 2 of Brownie et al. (1978). Model 1
assumes year-specific survival and recovery rates
(Brownie et al. 1978; Seber 1970; Robson and
Youngs 1971), while Model 2 assumes year-specific
recovery rates but survival rates that are constant
over time (Brownie et al. 1978). If the Model 1
goodness-of-fit statistic exhibited reasonable
(P > 0.01) fit, then we also conducted a likelihood
ratio test of Model 2 versus Model 1 (Brownie et
al. 1978). This is essentially a test of the
hypothesis that survival rates are constant over
time. Test statistics for all three tests are
distributed as x2, and we obtained composite
statistics for each sex by summing these statistics
and their associated degrees of freedom over all
data sets.

Results and Discussion

The Model 3 goodness-of-fit test indicated rejec-
tion (P < 0.05) in 40 of 70 data sets for winter-
banded males and 27 of 72 data sets for females
(Table 19). Both composite statistics were highly
significant (P < 0.01). Model 3 thus provided an
inadequate description for nearly half of the ex-
amined data sets. The larger sample sizes of the
male data sets, and the resulting greater test
power, were probably largely responsible for the
larger number of rejections in males. We conclude
that survival or recovery rates, or both, exhibited
year-to-year variation in a substantial number of
data sets for winter-banded mallards.

The Model 2 goodness-of-fit statistic was signifi-
cant (P < 0.05) in 15 of 69 data sets for males
(Table 20) and 7 of 61 data sets for females
(Table 21). The composite statistics were highly
significant (P < 0.01) for both sexes. The Model 2
versus Model 1 likelihood ratio test indicated re-
jection of Model 2 in favor of Model 1 for 16 of 63

data sets for male mallards (Table 20) and 10 of
60 data sets for females (Table 21). Both composite
statistics were again significant (P < 0.05).
Model 2, with constant survival rates, thus ap-
peared to provide an adequate description for a
large proportion of the examined data sets. In the
remaining data sets, survival rate must be
modeled as varying from year to year. Again, the
larger sample sizes and greater test power for
males resulted in more rejections of the constant-
survival model. When considering these results it
is important to remember that the power of the
Model 2 versus Model 1 test is generally low
(Brownie and Robson 1974), especially for the low
recovery rates that characterize winter-banded
mallards. We conclude that mallards probably ex-
hibit some year-to-year variation in survival rates,
but that in many instances survival rates can be
modeled as a constant.

The Model 1 goodness-of-fit test was significant
(P < 0.05) in 13 of 69 data sets for males (Table 20)
and 14 of 61 for females (Table 21). In some of the
data sets for which the model was rejected, ex-
amination of the contributions of particular cells
to the total x2 values indicated that single
anomalous years were responsible for the rejection.
Thus, Model 1 adequately described most of the
data sets despite significant composite statistics
for both sexes.

Geographic Variation

Background

There are a number of factors associated with
different mortality risks that would be expected
a priori to exhibit geographic variation. Hunting
pressure, winter weather conditions, composition
and density of predator communities, quantity
and quality of available food resources, distances
between breeding and wintering grounds, and
population densities of competitors and con-
specifics all have potential effects on mallard
mortality and would be expected to vary geo-
graphically. Anderson (1975) found little evidence
of geographic variation in survival rates of
preseason-banded mallards, but suggested that
large sampling variances may have obscured any
existing differences. He further suggested that
mallards banded in central breeding areas tended
to have higher survival rates than those banded
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Table 19. Results of testing the hypothesis that survival and recovery rates of winter-banded mallards
are constant from year to year.?

Males Females

Reference area Years df x2 p Years df x2 P
S British Columbia- 1970-72 12 124 0.42 1933-36 13 23.7 0.03
W Washington (201) 1960-62 8 10.3 0.25
E Washington-NE Oregon 1948-57 86 234.6 0.00 1949-57 50 81.0 0.00
(202) 1958-77 147 390.2 0.00 1958-77 113 200.5 0.00
W Oregon-NW California (203) 1951-70 127 218.5 0.00 1951-70 91 115.8 0.04
SE Oregon-NE California- 1949-52 17 120 0.80 1950-52 6 5.2 0.52
NW Nevada (204) 1957-64 65 129.2 0.00 1957-64 22 38.8 0.02
1966-69 28 45.2 0.02 1966-69 10 22.3 0.01
Central California- 1949-51 12 114 0.49 1949-51 10 6.8 0.75
W Nevada (211) 1953-68 131 187.0 0.00 1953-68 84 89.2 0.33
1971-77 21 52.0 0.00 1971-77 19 40.6 0.00
W Idaho (221) 1950-54 37 34.5 0.59 1950-53 16 33.6 0.01
1958-62 36 60.6 0.01 1958-61 10 80 0.63
1964-77 75 116.4 0.00 1966-77 42 56.6 0.07
W Montana (222) 1964-70 62 147.4 0.00 1949-52 17 21.7 0.20
1964-70 33 26.8 0.77
E Idaho-SW Wyoming (223) 1963-77 94 155.3 0.00 1963-77 54 93.9 0.00
NE Nevada-W Utah (224) 1966-70 32 30.8 0.53 1966-70 18 27.1 0.08
E Utah-W Colorado (225) 1974-77 8 11.2 0.19 1974-77 8 6.0 0.65
S Nevada-S California- 1963-68 29 314 0.35 1963-68 23 49.2 0.00

W Arizona (231)

E Montana (241) 1959-62 9 9.7 0.38 1964-67 10 9.0 0.53
1964-67 23 65.1 0.00
1970-73 19 18.5 0.44

W North Dakota-W South 1940-43 12 15.4 0.22 1969-77 29 21.2 0.85
Dakota (242) 1965-77 73 177.9 0.00

N Wyoming (243) 1964-67 18 52.8 0.00

1969-72 8 7.7 0.47

SE Wyoming-W Nebraska 1964-177 93 213.8 0.00 1965-76 56 448 0.86

(251)

NE Colorado (252) 1945-53 99 289.1 0.00 1945-52 59 106.7 0.00

1964-77 102 456.0 0.00 1964-77 84 131.1 0.00

SE Colorado (253) 1949-52 38 53.5 0.05 1949-52 26 31.6 0.21

1966-77 72 144.1 0.00 1966-77 45 62.5 0.04
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Table 19. Continued.

Males Females
Reference area Years df x2 p Years df x2 p
S Central Colorado (254) 1950-52 14 17.1 0.25
1961-64 19 41.2 0.00
W Kansas (255) 1972-75 16 31.8 0.01 1966-68 16 8.5 0.93
1972-75 5 2.1 0.84
E New Mexico (261) 1966-77 69 105.8 0.00 1966-77 46 57.3 0.12
W Oklahoma-W Texas (262) 1971-77 24 289 0.22 1972-77 12 8.7 0.73
E South Dakota (271) 1951-55 34 415 0.18 1951-55 15 17.8 0.27
1960-67 84 142.4 0.00 1960-67 39 46.0 0.20
E Nebraska (272) 1952-57 48 55.8 0.21 1952-57 27 31.3 0.26
1966-74 67 102.3 0.00 1966-74 44 43.1 0.51
E Kansas (273) 1930-32 9 149 0.09 1930-33 8 9.1 0.33
1965-70 54 104.8 0.00 1963-70 33 40.9 0.16
1974-77 7 9.5 0.22
E Oklahoma (281) 1939-45 37 50.7 0.07 1939-45 24 18.0 0.80
1947-57 71 93.2 0.10 1947-57 45 52.2 0.22
1966-77 74 86.7 0.15 1964-77 51 63.0 0.12
E Texas (282) 1964-68 25 23.3 0.56 1973-77 7 12.8 0.08
1972-77 15 14.6 0.48
S Minnesota-N Iowa (291) 1971-77 23 33.0 0.08 1971-77 13 10.2 0.67
S Iowa-W Missouri (292) 1952-58 39 449 0.24 1952-57 16 13.1 0.66
1963-73 94 188.9 0.00 1963-73 51 55.6 0.31
W Arkansas (301) 1963-67 32 85.2 0.00
E Arkansas-W Tennessee- 1950-58 54 78.5 0.02 1963-77 80 168.1 0.00
NW Mississippi (302) 1959-77 133 2949 0.00
E Tennessee (303) 1959-73 136 3124 0.00 1953-55 6 5.6 0.47
1975-77 4 7.8 0.10 1959-73 86 117.5 0.01
1975-77 3 2.0 0.58
E Louisiana- 1938-41 16 36.0 0.00 1939-41 10 21.2 0.02
SW Mississippi (305) 1954-57 22 20.6 0.55 1954-57 10 16.4 0.09
E Mississippi-Alabama (306) 1955-61 37 52.2 0.05 1955-61 16 16.3 0.43
1963-72 12 127.0 0.00 1963-72 44 88.3 0.00
1975-77 3 1.1 0.79
N Illinois-N Indiana- 1956-61 40 99.5 0.00 1958-61 12 4.8 0.96
SW Michigan (311) 1963-74 89 143.5 0.00 1963-70 43 46.4 0.33
1972-74 8 5.7 0.68
SE Great Lakes Region (312) 1961-77 83 88.0 0.33 1961-77 19 30.1 0.05
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Table 19. Continued.

Males Females
Reference area Years df x? P Years df x2 p
SE Missouri-S Illinois- 1922-24 10 17.2 0.07 1922-24 10 15.7 0.11
SW Indiana-W Kentucky 1955-72 135 5189 0.00 1963-71 57 108.4 0.00
(313) 1975-77 4 10.0 0.04 1975-77 4 19.6 0.00
SE Indiana-S Ohio- 1967-74 47 73.0 0.01 1967-74 29 43.2 0.04
E Kentucky (314)
North-Atlantic States (321) 1962-77 72 112.0 0.00 1963-76 46 79.8 0.00
Mid-Atlantic States (332) 1954-57 21 40.1 0.01 1954-57 16 18.1 0.32
1958-77 160 224.0 0.00 1958-77 112 147.8 0.01
North Carolina (333) 1955-58 14 13.0 0.53 1955-57 9 6.3 0.71
1961-73 69 84.7 0.10 1961-73 44 69.1 0.01
1975-77 3 5.3 0.15 1975-77 3 0.6 0.91
Georgia-South Carolina (341) 1955-59 17 28.2 0.04 1963-77 71 111.4 0.01
1961-77 116 210.2 0.00
Totals 3,737 7,170.0 0.00 2,213 3,122.3 0.00

8Results from the goodness-of-fit test for Model 3 (Brownie et al. 1978).

Table 20. Results of testing the hypothesis that both recovery and survival rates of winter-banded
male mallards vary from year to year versus the hypothesis that recovery rates vary from year
to year but survival is constant.

Fit of Model 1 Fit of Model 2 Model 2 vs. Model 1
Reference area Years df x2 p df x? p df x? P
S British Columbia- 1970-72 6 2.31 0.89 7 2.3 094 1 0.0 0.8
W Washington (201)
E Washington- 1948-57 60 70.1 0.18 71 83.9 0.14 8 17.7  0.02
NE Oregon (202) 1958-77 107 1416 0.01 127 177.0 0.00 18 33.2 0.02
W Oregon-NW California 1951-70 89 103.7 0.14 109 139.3 0.03 18 28.6 0.05
(203)
SE Oregon-NE California- 1949-52 6 4.1 0.67 8 5.1 0.75 2 1.4 0.50
NW Nevada (204) 1957-64 46 56.1 0.15 52 62.9 0.14 6 83 0.22
1966-69 17 18.1 0.39 17 31.1 0.02 2 10.3 0.01
Central California- 1949-51 7 5.6 0.59 8 6.1 0.64 k 0.5 047
W Nevada (211) 1953-68 99 949 0.60 114 111.5 0.57 14 19.1 0.16

1971-77 11 11.1 0.43 15 17.6 0.28 5 74 0.19
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Table 20. Continued

Fit of Model 1

Fit of Model 2

Model 2 vs. Model 1

Reference area Years df x2 P df x? p df x? p
W Idaho (221) 1950-54 21 21.0 0.46 26 25.7 0.48 3 39 0.27
1958-62 18 26.8 0.08 22 38.5 0.02 3 129 0.00
1964-77 46 52.1 0.25 61 66.2 0.30 12 15.7 0.20
W Montana (222) 1949-52 12 35.4 0.00 17 50.2 0.00 - - -
1964-70 41 55.8 0.06 47 73.3 0.01 5 18.1 0.00
E Idaho- SW Wyoming 1963-77 65 65.7 0.45 78 878 0.21 13 21.3 0.07
(223)
NE Nevada-W Utah (224) 1966-70 14 19.6 0.14 18 21.2 0.27 3 1.4 0.70
E Utah-W Colorado (225) 1974-77 3 6.1 0.11 5 79 0.16 2 2.7 0.26
S Nevada-S California- 1963-68 14 22.2 0.07 19 25.8 0.14 4 29 0.57
W Arizona (231)
E Montana (241) 1959-62 2 1.1 0.57 5 29 0.72 2 2.6 0.27
1964-67 14 19.7 0.14 16 21.3 0.17 2 1.8 0.42
1970-73 10 7.4 0.69 12 7.3 0.84 2 0.0 0.98
W North Dakota-W South 1940-43 4 94 0.05 6 104 0.11 2 1.8 0.42
Dakota (242) 1965-77 49 62.8 0.09 60 78.7 0.05 11 18.5 0.07
SE Wyoming-W Nebraska 1964-77 59 57.9 0.52 76 79.5 0.37 12 24.5 0.02
(251)
NE Colorado (252) 1945-53 48 77.4 0.00 67 83.2 0.09 - - -
1964-77 71 106.7 0.01 89 126.0 0.01 12 25.8 0.01
SE Colorado (253) 1949-52 21 439 0.00 23 44.2 0.00 - - -
1966-77 49 81.0 0.00 59 105.7 0.00 - - -
W Kansas (255) 1972-75 9 13.8 0.13 11 15,5 0.16 2 1.3 0.5
E New Mexico (261) 1966-77 44 42.1 0.56 56 58.2 0.40 10 17.7 0.06
W Oklahoma-W Texas 1971-77 13 114 0.58 18 14.1 0.72 5 3.0 0.70
(262)
E South Dakota (271) 1951-55 18 25.4 0.11 21 30.5 0.08 3 28 043
1960-67 54 49.3 0.65 59 59.4 0.46 (] 13.3 0.04
E Nebraska (272) 1952-57 29 32.2 0.31 33 33.7 0.43 4 1.7 0.78
1966-74 45 45.1 0.47 54 63.4 0.18 7 17.3 0.02
E Kansas (273) 1930-32 2 5.1 0.08 2 5.0 0.08 1 0.5 047
1965-70 36 427 0.21 40 429 0.35 4 1.6 0.80
E Oklahoma (281) 1939-45 23 33.0 0.08 27 345 0.15 5 1.8 0.88
1947-57 47 44.0 0.60 58 53.0 0.66 9 7.8 0.55
1966-77 53 44.7 0.78 63 58.9 0.62 10 17.7 0.06
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Table 20. Continued.

Fit of Model 1 Fit of Model 2 Model 2 vs. Model 1

Reference area Years df x2 P df x2 P df x? P

E Texas (282) 1964-68 13 169 0.21 17 19.0 0.33 3 1.7 0.64

1972-77 5 8.8 0.12 11 94 0.58 4 1.1 0.90

S Minnesota-N Iowa (291) 1971-77 12 7.4 0.83 17 99 0.91 5 25 0.78

S Iowa-W Missouri (292) 1952-58 23 234 0.44 26 35.7 0.10 5 13.5 0.02

1963-73 71 90.2 0.06 80 103.1 0.04 9 10.4 0.32

W Arkansas (301) 1963-67 18 18.5 0.43 22 22.1 0.45 3 38 0.28

E Arkansas-W Tennessee- 1950-58 30 34.3 0.27 40 429 0.35 7 13.3 0.07
NW Mississippi (302) 1959-77 88 81.6 0.67 114 108.9 0.63 17 26.8 0.06

E Tennessee (303) 1959-73 98 123.3 0.04 114 166.5 0.00 13 50.0 0.00

1975-77 1 0.5 0.47 2 41 0.13 1 3.6 0.06

E Louisiana- 1938-41 4 21 0.71 6 8.7 0.19 2 6.6 0.04
SW Mississippi (305) 1954-57 12 13.9 0.31 13 159 0.25 2 3.8 0.15

E Mississippi- Alabama 1955-61 21 25.3 0.24 26 38.5 0.05 5 109 0.05
(306) 1963-72 52 60.0 0.21 60 65.4 0.30 8 6.9 0.55

N Illincis-N Indiana- 1956-61 25 39.8 0.03 30 48.8 0.02 4 99 0.04
SW Michigan (311) 1963-74 65 67.5 0.39 71 81.8 0.33 10 20.1 0.03

SE Great Lakes Region 1961-77 51 53.2 0.39 66 68.1 0.40 15 22.2 0.10
(312)

SE Missouri-S Illinois- 1922-24 4 11.8 0.02 5 13.8 0.02 1 44 0.04
SW Indiana- 1955-72 97 1119 0.14 116 154.2 0.01 16 45.7 0.00
W Kentucky (313) 1975-77 1 8.4 0.00 2 9.0 0.01 - - -

SE Indiana-S Ohio- 1967-74 31 47.7 0.03 38 49.0 0.11 6 44 0.62
E Kentucky (314)

North-Atlantic States 1962-77 44 37.7 0.74 60 62.6 0.39 14 179 0.21
(321)

Mid-Atlantic States 1954-57 11 189 0.06 13 18.4 0.14 2 1.0 0.60
(332) 1958-77 117 135.0 0.13 137 155.8 0.14 18 19.1 0.39

North Carolina (333) 1955-58 6 5.0 0.54 i 7.7 0.36 2 2.6 0.27

1961-73 39 51.3 0.09 50 58.1 0.20 11 11.2 0.43

Georgia-South Carolina 1955-59 3 8.8 0.03 7 10.3 0.17 3 3.0 0.39

(341) 1961-77 87 131.9 0.00 101 146.2 0.00 - - -

Totals 2,417 2,903.5 0.00 2,933 3,595.6 0.00 415 683.3 0.00
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Table 21. Results of testing the hypothesis that both recovery and survival rates of winter-banded
female mallards vary from year to year versus the hypothesis that recovery rates vary from year

to year but survival is constant.

Fit of Model 1

Fit of Model 2

Model 2 vs. Model 1

Reference area Years df x2 P df x? p df x2 P
S British Columbia- 1933-36 2 54 0.07 4 54 0.25 2 0.0 0.98
W Washington (201) 1960-62 4 8.8 0.07 5 8.7 0.12 1 0.0 0.96
E Washington-NE Oregon  1949-57 28 39.2 0.08 34 41.0 0.19 7 3.0 0.89
(202) 1958-77 72 102.8 0.01 90 117.2 0.03 18 18.1 045
W Oregon-NW California 1951-70 58 61.0 0.37 71 73.3 0.40 18 22.7 0.20
(203)
SE Oregon-NE California- 1950-52 1 3.8 0.05 2 4.3 0.12 1 0.8 0.37
NW Nevada (204) 1957-64 9 10.8 0.29 13 9.6 0.73 6 3.1 0.79
1966-69 5 6.6 0.25 5 13.1 0.02 2 7.8 0.02
Central California- 1949-51 3 3.6 0.31 4 3.7 045 1 0.0 0.84
W Nevada (211) 1953-68 49 48.5 0.50 63 66.3 0.36 14 159 0.32
1971-77 5 13.1 0.02 12 11.9 0.45 5 8.8 0.12
W Idaho (221) 1950-53 8 12.5 0.13 10 13.8 0.18 2 2.5 0.28
1966-77 22 189 0.65 33 38.7 0.23 10 189 0.04
W Montana (222) 1949-52 8 129 0.12 10 14.2 0.16 2 1.7 0.42
1964-70 16 148 0.54 19 15.8 0.67 5 6.7 0.24
E Idaho-SW Wyoming (223) 1963-77 23 21.6 0.54 38 51.2 0.07 13 259 0.02
NE Nevada-W Utah (224} 1966-70 8 11.7 0.17 13 184 0.14 3 40 0.26
E Utah-W Colorado (225) 1974-77 3 3.7 0.29 5 3.7 0.59 2 0.2 091
S Nevada-S California- 1963-68 6 15.8 0.01 12 22.1 0.04 4 71 013
W Arizona (231)
E Montana (241) 1964-67 1 43 0.04 3 4.7 0.19 2 0.6 0.75
W North Dakota-W South  1969-77 14 9.2 0.82 21 13.5 0.89 i 29 0.90
Dakota (242)
N Wyoming (243) 1964-67 4 9.4 0.05 7 9.5 0.22 2 1.0 0.60
SE Wyoming-W Nebraska 1965-76 29 19.2 0.92 43 254 0.99 10 6.7 0.75
(251)
NE Colorado (252) 1945-52 38 58.0 0.02 43 60.5 0.04 6 54 0.50
1964-77 55 57.5 0.38 68 68.4 0.46 12 109 0.54
SE Colorado (253) 1949-52 14 12.7 0.55 16 209 0.18 2 7.0 0.03
1966-77 20 28.7 0.09 31 45.0 0.05 10 19.2 0.04
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Fit of Model 1

Fit of Model 2

Model 2 vs. Model 1

Reference area Years df x2 P df x2 p df x2 P
S Central Colorado (254) 1950-52 7 5.8 0.57 8 6.6 0.58 1 1.0 0.32
1961-64 6 10.1 0.12 11 155 0.16 2 7.0 0.03
W Kansas (255) 1936-38 4 10.0 0.04 6 16.0 0.01 1 10.0 0.00
1966-68 6 4.7 0.58 7 5.2 0.63 1 0.7 0.40
E New Mexico (261) 1966-77 19 21.3 0.32 29 33.0 0.28 10 124 0.26
E South Dakota (271) 1951-55 4 1.9 0.76 7 3.8 0.80 3 24 0.49
1960-67 21 233 0.33 30 31.3 0.40 6 5.8 0.44
E Nebraska (272) 1952-57 14 17.7 0.22 18 19.4 0.37 4 1.6 0.81
1966-74 26 28.6 0.33 32 32.6 0.44 7 49 0.67
E Kansas (273) 1963-70 10 16.9 0.08 22 16.6 0.79 6 2.2 0.90
E Oklahoma (281) 1939-45 11 11.1 0.43 15 13.9 0.53 5 3.3 0.66
1947-57 27 37.8 0.08 33 45.1 0.08 9 12.2 0.20
1964-77 23 20.4 0.62 37 33.8 0.62 12 18.9 0.09
S Minnesota-N Iowa (291)  1971-77 1 6.2 0.01 6 8.8 0.18 5 24 0.79
S Iowa-W Missouri (292) 1952-57 2 5.5 0.06 8 8.7 0.37 4 2.4 0.66
1963-73 25 404 0.03 35 48.6 0.06 9 7.9 0.55
E Arkansas-W Tennessee- 1963-77 52 56.1 0.32 66 77.8 0.15 13 16.7 0.21
NW Mississippi (302)
E Tennessee (303) 1959-73 55 66.7 0.13 68 75.6 0.25 13 11.0 0.61
E Louisiana- 1939-41 2 1.6 0.46 5 8.1 0.15 1 71 0.01
SW Mississippi (305) 1954-57 2 2.2 0.33 4 5.0 0.29 2 2.5 0.29
E Mississippi-Alabama 1955-61 3 71 0.07 7 10.1 0.18 5 2.8 0.74
(306) 1963-72 21 33.1 0.04 33 44.0 0.10 8 17.0 0.03
N Illinois-N Indiana- 1963-70 28 23.8 0.69 34 26.2 0.83 6 6.1 0.42
SW Michigan (311) 1972-74 3 4.0 0.26 4 4.3 0.37 1 0.3 0.59
SE Missouri-S Illinois- 1922-24 3 9.4- 0.02 5 10.7 0.06 1 0.7 0.40
SE Indiana-W Kentucky 1963-71 38 46.3 0.17 45 56.7 0.11 8 10.0 0.27
(313) 1975-77 1 0.1 0.76 2 44 0.11 1 4.7 0.03
SE Indiana-S Ohio- 1967-74 14 23.7 0.05 19 26.9 0.11 6 4.6 0.60
E Kentucky (314)
North-Atlantic States (321) 1963-76 21 324 0.05 33 39.0 0.22 12 8.0 0.78
Mid-Atlantic States (332) 1954-57 7 1.7 0.97 9 2.2 0.99 2 0.6 0.75
1958-77 74 103.8 0.01 92 116.4 0.04 18 12.0 0.85
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Table 21. Continued.

Fit of Model 1

Fit of Model 2 Model 2 vs. Model 1

Reference area Years df x2 p df x2 P df x2 P
North Carolina (333) 1955-57 1 3.9 0.05 1 2.9 0.09 1 0.0 0.94
1961-73 11 28.1 0.00 28 43.0 0.04 - - -
Georgia-S Carolina (341) 1963-77 46 524 0.24 63 67.1 0.34 13 140 0.37
Totals 1,093 1,372.6 0.00 1,497 1,739.6 0.00 363 414.1 0.03

in eastern breeding areas but also noted that this
apparent difference was not large.

Efforts to develop mallard management units
have led to the investigation of possible differences
in survival rates between mallards banded in dif-
ferent areas of the Central and Mississippi
flyways. Funk et al. (1971) suggested that survival
rates were higher for mallards banded during
winter in the High Plains (our major reference
areas 24, 25, and 26) than for birds banded in the
Low Plains (major reference areas 27 and 28),
although they stated that larger sample sizes were
needed for more reliable results. Hyland and Gabig
(1980) found no difference among mean survival
rates of mallards banded during winter, 1963-76,
in the High Plains, the Low Plains and the
Western Mississippi Flyway (major reference area
29, and portions of reference areas 30 and 31).
However, they did find evidence of lower female
survival rates in the Western Mississippi Flyway
during the period, 1963-68 (Hyland and Gabig
1980).

Methodology

We computed weighted mean survival rate
estimates for specific geographic areas using the
following general equation:

- H
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A g

where §W is the weighted mean estimate, j
denotes an individual data set or sub-area, n
denotes the number of data sets or sub-areas used

to compute Sy, and S; and SE(S) denote the
estimated mean and standard error, respectively,
of the survival rate for data set or sub-area j. The
sampling variance of Sy is estimated as:

vor (§) = ———
n
> 1
J=1 s‘E(sj))

Our choice of the SE (S)) as a basis for weighting
the survival rate estimates can certainly be
challenged. Reasonable alternatives not only exist,
but can be shown to be more appropriate in cer-
tain situations. If substantial variation existed
among the true survival rates of the data sets or
geographic sub-areas over which weighted means
were computed, then it might have been more ap-
propriate to weight each data set by the number
of birds each set represented (e.g., perhaps based
on Winter Survey results). After examining the
estimates in Appendix B, the results of tests for
temporal variation in survival rates presented in
this report and by Anderson (1975) and Rogers et
al. (1979), and the results of tests for geographic
variation in survival rates presented by Anderson
(1975), we concluded that substantial variation
probably did not exist. Despite this apparent lack
of variation, however, we still would have strong-
ly considered the use of Winter Survey data as
weights if we had been able to obtain mallard
counts for each minor reference area. Although
State totals for Winter Survey results are avail-
able for the past 40 years, many minor reference
areas do not follow State boundaries. With the
help of the Fish and Wildlife Service Flyway Rep-
resentatives and various State agency personnel,



we were able to obtain winter mallard counts for
a number of minor reference areas for some years.
However, we were not able to obtain even a near-
ly complete data set, and we were forced to aban-
don the idea of using Winter Survey data in this
manner. Another alternative for weighting sur-
vival rate estimates involves the use of var(Sj)
rather than SE(SJ) In situations where the true
var{S;) are known, the use of the var(S,) produces
welgf;ted means with optimal statistical proper-
ties. However, we did not know the true var(gj)
but had only estimates, and we were hesitant to
use such an “‘extreme’’ weighting system (extreme
in the sense of producing very large differences in
contributions of different SJ) based on these
estimates. Instead we chose an ad hoc approach
and used the SE(S)), thus weighting by an
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estimator of precision, but one which produced less
variation in the contributions of the different S..

We were interested in survival rate estimates by
major reference area and flyway for the period
1960-77. We first used the individual data sets
(sets of consecutive years for which survival rate
estimates could be obtained, from Appendix B) to
compute a weighted mean survival rate, Sy, for
each minor reference area. We then used these
minor reference, area estimates to compute a
weighted mean, Sy, for each major reference area.
These major reference area estimates were in turn
used to compute a weighted mean for each flyway.

We were interested in whether reference areas
with low male survival rates also had low female
survival rates and vice versa. We computed a
Pearson product-moment correlation coefficient

Table 22. Weighted mean survival rate estimates for winter-banded mallards by major reference area
and Flyway 1960-77.2

Males Females
Reference area or Flyway S SE(S) S SE(S)
Northwestern Pacific Flyway (20) 0.653 0.028 0.576 0.058
Central California (21) 0.616 0.036 0.559 0.051
Northeastern Pacific Flyway (22) 0.671 0.013 0.589 0.034
Southern Pacific Flyway (23) 0.658 0.069 0.698 0.116
Pacific Flyway 0.656 0.013 0.591 0.027
Northern High Plains (24) 0.648 0.021 0.498 0.043
Central High Plains (25) 0.736 0.011 0.602 0.015
Southern High Plains (26) 0.700 0.025 0.573 0.055
Northern Low Plains (27) 0.694 0.014 0.600 0.025
Southern Low Plains (28) 0.688 0.021 0.596 0.052
Central Flyway 0.699 0.008 0.583 0.013
Northwestern Mississippi Flyway (29) 0.679 0.018 0.565 0.037
Southern Mississippi Flyway (30) 0.599 0.026 0.504 0.027
Southern Great Lakes-Ohio River Valley (31) 0.675 0.021 0.556 0.018
Mississippi Flyway? 0.656 0.012 0.542 0.014
Northeastern Atlantic Flyway (32) 0.630 0.033 0.585 0.043
Mid-Atlantic Flyway (33) 0.653 0.044 0.544 0.038
Southern Atlantic Flyway (34) 0.665 0.015 0.539 0.019
Atlantic Flyway® 0.654 0.014 0.551 0.017

aMmor reference area survival rate estimates were weighted by the inverse of their estimated standard errors.
bNote that a segment of western New York and northwestern Pennsylvania occurs in major reference area 31, and that data
from this area contribute to the Mississippi Flyway means rather than those of the Atlantic Flyway.



70

and tested the null hypothesis of no relationship
between male and female survival rates from the
same areas (Snedecor and Cochran 1967). Geo-
graphic variation in survival rates from major
reference areas was investigated using two series
of tests. The first series tested the hypothesis of
no difference between survival rates from adjacent
eastern and western reference areas. The second
series used adjacent northern and southern
reference areas in similar tests. These tests used
z statistics (Brownie et al. 1978). Variation in sur-
vival rates among all pairs of flyways was also
tested with z statistics. Weighted mean syrvival
rate and associated variance estimates, Sy, and
var(Sy), for the period 1960-77, were used in all
comparisons.

Results and Discussion

Weighted mean survival rate estimates and their
standard errors are presented by major reference
area and flyway in Table 22. Major reference area
estimates for males varied from 0.599 to 0.736,
with most estimates falling in the interval
0.65-0.70. Female mallard estimates ranged from
0.498 to 0.698, but most estimates fell between
0.54 and 0.60. The relationship between male and
female survival rate estimates from the same
reference areas was positive but not significant
(Pearson r = 0.38, 13 df, 0.10 < P < 0.20). The
weighted mean flyway estimates were very similar
within sexes, with the absolute difference between
the highest and lowest estimates being less than
0.05 (Table 22).

The comparisons of adjacent eastern and
western major reference areas showed five signifi-
cant (P < 0.10) differences for males and two for
females (Table 23). Males from the Central High
Plains (25) and females from the Northern High
Plains (27) appeared to have higher survival rates
than their counterparts in the Northeastern
Pacific Flyway (22). Males from the Central High
Plains (25) also exhibited higher survival rates
than those from the Northern Low Plains (27).
However, Northern Low Plains (27) males and
females showed higher survival rates than those
from the Northern High Plains (24). Thus,
although there does seem to be some geographic
variation in survival rate within the Central
Flyway, there is no evidence of consistently higher

survival rates in the High Plains reference areas.
This inference is consistent with conclusions of
Hyland and Gabig (1980).

Males from the Southern Mississippi Flyway
(30) had the lowest point estimate of survival rate
of all the reference areas (Table 22). This estimate
was significantly (P < 0.05) lower than those of
males from both the Southern Low Plains (28) and
the Southern Atlantic Flyway (34; Table 23).
However, examination of the estimates that went
into the Sy for the Southern Mississippi Flyway
(30) shows that two contributing minor reference
areas, W Louisiana (304) and E Mississippi-
Alabama (306), had very low survival rate esti-
mates for the 1960-77 period (see Tables B-60,
B-61, B-64, B-65). These estimates were imprecise
and thus obtained relatively small weights when
Sy was computed, but their contributions were
still sufficient to yield the low Southern Missis-
sippi Flyway (30) estimate. Survival rate estimates
for the two contributinig minor reference areas
having good banding data, W Arkansas-W
Tennessee-NW Mississippi (302) and E Tennessee
(303), were not at all low (Sy = 0.66 and 0.68). In
addition, survival rate estimates from bandings in
Louisiana that occurred too recently (1978-82) to
be included in this report were high (C. Kimball,
personal communication). We thus reject the idea
that male mallards in the Southern Mississippi
Flyway (30) exhibit substantially lower survival
rates than mallards elsewhere.

We know of no biological hypotheses that would
predict an east-west gradient in mallard survival
rates throughout North America. The results of
these tests (Table 23) provided no indications that
any trend of this kind exists.

The comparisons of adjacent northern and
southern major reference areas showed three
significant (P < 0.05) differences for males and
one for females (Table 24). Males and females
from the Central High Plains (25) showed higher
survival rates than their counterparts from the
Northern High Plains (24). Males from the
Southern Mississippi Flyway (30) appeared to
have lower survival rates than those from both
reference areas to the north, Northwestern
Mississippi Flyway (29) and Southern Great
Lakes-Ohio River Valley (31; Table 24). Again,
however, for the reasons provided above, we
doubt that the Southern Mississippi Flyway (30)
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Table 23. Results of testing the hypothesis of no difference between survival rates of mallards from
adjacent eastern and western reference areas, 1960-77.

Mal Femal

Reference areas compared — = BT —_
(east vs. west) Sg-Sy* z pb gSw' z pb

Northeastern Pacific Flyway (22) 0.02 0.59 0.56 0.01 0.18 0.86
vs. Northwestern Pacific
Flyway (20)

Southern Pacific Flyway (23) 0.04 0.53 0.60 0.14 1.10 0.27
vs. Central California (21)

Northern High Plains (24) -0.02 -0.96 0.34 -0.09 -1.66 0.10
vs. Northeastern Pacific Flyway (22)

Central High Plains (25) 0.06 3.75 0.00 0.01 0.37 0.71
vs. Northeastern Pacific Flyway (22)

Southern High Plains (26) 0.04 0.58 0.56 -0.13 -0.98 0.33
vs. Southern Pacific Flyway (23)

Northern Low Plains (27) 0.05 1.84 0.07 0.10 2.06 0.04
vs. Northern High Plains (24)

Northern Low Plains (27) -0.04 -2.30 0.02 -0.00 -0.07 0.94
vs. Central High Plains (25)

Southern Low Plains (28)- -0.01 -0.36 0.72 0.02 0.30 0.76
vs. Southern High Plains (26)

Northwestern Mississippi Flyway (29) -0.01 -0.66 0.51 -0.04 -0.79 0.43
vs. Northern Low Plains (27)

Southern Mississippi Flyway (30) -0.09 -2.69 0.01 -0.09 -1.56 0.12
vs. Southern Low Plains (28)

Southern Great Lakes- -0.00 -0.14 0.89 -0.01 -0.23 0.82
QOhio River Valley (31)
vs. Northwestern
Mississippi Flyway (29)

Mid-Atlantic Flyway (33) -0.02 -0.46 0.65 -0.01 -0.29 0.77
vs. Southern Great Lakes-Ohio
River Valley (31)

Southern Atlantic Flyway (34) 0.07 2.24 0.03 0.03 1.07 0.28
vs. Southern Mississippi
Flyway (30)

"éE—S'W denotes the difference between the weighted mean survival rate estimates of mallards from the eastern and western
reference areas, respectively.
bProbabilities correspond to a 2-tailed z-test.
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survival rates are really substantially lower than
those for adjacent northern reference areas.

It is possible to develop some biologically-
motivated hypotheses about expected north-
south differences in survival rates. Certainly birds
in northern wintering areas would be exposed to
more severe weather conditions than birds in
southern areas, and this could result in lower sur-
vival rates in northern areas. However, any risk
associated with migration distance (Ketterson and
Nolan 1976; Greenberg 1980) might be greater for
birds wintering in the south. Gauthreaux (1978)
suggested that the more dominant individuals
migrate the shortest distances between breeding
and wintering areas. This hypothesis might lead

to the prediction of higher survival rates for birds
in northern wintering areas. In any case, there
seemed to be no consistent differences between
survival rates of mallards in adjacent northern ver-
sus southern wintering areas (Table 24).

The tests comparing survival rates among the
four flyways were very powerful because of the
precision of the flyway weighted means (see SE (S)
in Table 22). Male mallards in the Central Flyway
appeared to show higher survival rates than those
in the other three flyways (Table 25). Similarly, Cen-
tral Flyway females had higher survival rates than
Mississippi Flyway females (Table 25). No other
survival rate differences were noted between any
pairs of flyways. Even for the comparisons with

Table 24. Results of testing the hypothesis of no difference between survival rates of mallards from
adjacent northern and southern reference areas, 1960-77.

Males Females

Referencé areas compared =% I
(north vs. south) Sy-Ss* z P Sy-Sg* z P

Northwestern Pacific Flyway (20) 0.04 0.81 0.42 0.02 0.23 0.82
vs. Central California (21)

Northeastern Pacific Flyway (22) 0.01 0.19 0.85 -0.11 -091 0.36
vs. Southern Pacific Flyway (23)

Northern High Plains (24) -0.09 -3.70 0.00 -0.10 -2.29 0.02
vs. Central High Plains (25)

Central High Plains (25) 0.04 1.32 0.19 0.03 0.52 0.60
vs. Southern High Plains (26)

Northern Low Plains (27) 0.01 0.23 0.82 0.00 0.08 0.94
vs. Southern Low Plains (28)

Northwestern Mississippi Flyway (29) 0.08 2.57 0.01 0.06 1.33 0.18
vs. Southern Mississippi
Flyway (30)

Southern Great Lakes-Ohio River 0.08 2.30 0.02 0.05 1.60 0.11
Valley (31) vs. Southern
Mississippi Flyway (30)

Northeastern Atlantic Flyway (32) -0.02 -0.43 0.67 0.04 0.72 047
vs. Mid-Atlantic Flyway (33)

Mid-Atlantic Flyway (33) -0.01 -0.26 0.79 0.00 0.10 0.92

vs. Southern Atlantic Flyway (34)

“._SN—.§S denotes the difference between the weighted mean survival rate estimates of mallards from the northern and southern

nce areas, respectively.
bProbabilities correspond to a 2-tailed z-test.



significant test statistics, the absolute differences
between the survival rate point estimates were
relatively small (Table 22).

When taken together, results of these analyses
(Tables 22-25) indicate some degree of geographic
variation in survival rates of mallards wintering
throughout North America. However, we believe
that such variation is relatively small. We found
no consistent directional gradients in mallard sur-
vival rates. We did find some evidence that sur-
vival rates of Central Flyway mallards may be
slightly higher than those of birds from some other
areas.

Comparison of Survival Estimates
from Winter Versus
Preseason Banding Data

Background

Biological organisms seldom, if ever, exactly
follow the assumptions underlying any statistical
estimation model. We can only hope that a par-
ticular data set has resulted from a process that
is approximated by the selected model well enough
to yield reasonably accurate estimates. There are
several methods by which we can obtain an idea
of how reasonable this hope is. One method is
through the use of goodness-of-fit tests and tests
between different models. However, such tests
often lack power for small to medium-sized band
recovery data sets, especially for certain alter-
natives (Brownie and Robson 1974; Nichols et al.
1982b). Results of such tests with winter-banded
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mallards are provided in the section of this report
dealing with temporal variation in survival rates.
The accuracy of population parameter estimates
can be also evaluated using these and related
estimates in population projection models (for
mallards see Anderson 1975 and Martin et al.
1979). Comparison of attributes of the projected
population with what is known about the “real”
population provides an indication of how
reasonable the parameter estimates are. The most
recent effort of this type with mallards led to the
conclusion that either continental survival esti-
mates (based on preseason banding data) or age-
ratio estimates, or both, were biased high (Martin
et al. 1979).

Another method for assessing estimate accuracy
involves a comparison of two estimates of the
same parameter. When working with parameter
estimates for natural animal populations, it is rare
to have two independent estimates of the same
parameter believed a priori to be comparable in
both accuracy and precision. Estimates of adult
mallard survival rate based on preseason and
winter bandings thus provide a unique oppor-
tunity for comparison.

Recently, there has been a great deal of specula-
tion and discussion about the ‘‘representative-
ness”’ of the annual samples of banded mallards.
Banded mallards represent a subset of North
American mallards. If this subset differs from all
other mallards with respect to survival rate, then
our estimates of survival rate will not pertain to
the population of interest and will be biased in this
sense. Banded mallards might have different sur-
vival probabilities from other North American

Table 25. z statistics for testing the hypothesis of no difference baetween survival rates of mallards
from different Flyways, 1960-77.

Flyway 2
Sex Flyway 1 Pacific Central Mississippi Atlantic
Male Pacific -2.87¢ -0.16 0.10
Central 3.00¢ 2.78¢
Mississippi 0.11
Female Pacific 0.24 1.61 1.27
Central 2.10b 1.52
Mississippi -0.39

8A positive z statistic reflects a higher survival rate in Flyway 1 than Flyway 2, and a negative z statistic reflects a higher

survival rate in Flyway 2.
bp < 0.05, 2-tailed test.
CP < 0.01, 2-tailed test.
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mallards if trapping and banding affects survival,
if trapping methods are only effective on a subset
of birds with atypical survival rates, or if trapping
stations tend to be located in geographic areas in-
habited by mallards with atypical survival rates.
If trapping and banding affect survival rates of
mallards, then we would expect to find frequent
rejections of Model 1 in our tests of Model 1 ver-
sus Model 0 (Brownie et al. 1978), and this seldom
happened in our analyses of winter banding data.
If samples of birds banded during either the pre-
season or winter periods are nonrepresentative as
aresult of either differential trap effectiveness or
geographic location of trapping stations, then we
might expect to see differences in survival rate
estimates based on bandings from these different
periods of the year. For example, various aspects
of mallard biology that might affect tendency to
be trapped (e.g., physiological condition, pair
status, general behavior, and activity patterns) are
expected to differ between July-September and
January-February. We believe it is unlikely
{nevertheless possible) that the same atypical
subset of birds appears in traps at these different
times of the year. We believe it is even more unlike-
ly that the geographic locations sampled most
heavily in both the preseason and winter periods
are frequented by the same atypical subset of
mallards. Certainly, some areas with preseason
mallards are not well sampled, but it is unlikely
that mallards in these areas also happen to choose
poorly sampled wintering grounds. Thus, we
believe that the comparison of survival rates
estimated from preseason and winter bandings will
provide insight about the representativeness of
banded samples.

Nichols et al. (1982b) investigated the effects of
heterogeneity of survival and recovery rates on
band recovery model estimates. They suggested
that heterogeneity in survival rates of winter-
banded birds would tend to produce a positive rela-
tionship between survival and recovery rates,
while preseason-banded birds would be expected
to exhibit either a negative relationship or no rela-
tionship at all. They investigated effects of these
relationships on survival rate estimates (see also
Pollock and Raveling 1982) and concluded that
winter bandings would likely produce positively-
biased survival rate estimates in the case of hetero-
geneous survival and recovery rates (Nichols et al.
1982b). Estimates based on preseason bandings
would be likely to exhibit either a smaller positive

bias or a negative bias (Pollock and Raveling 1982;
Nichols et al. 19825). Therefore, if heterogeneity
exists in mallard banding data, we would expect
survival estimates based on winter bandings to be
higher than those based on preseason bandings.

In previous comparisons, Hyland and Gabig
(1980) noted that survival rate estimates of
mallards banded during winter in the Central
Flyway were considerably higher than those based
on preseason bandings (Anderson 1975). They sug-
gested that ‘“more work is needed” to determine
the cause of this difference.

Methodology

Weighted mean survival rate estimates for adult
mallards banded preseason were computed for
each preseason minor reference area (Anderson
and Henny 1972), using the methodology de-
scribed for investigating geographic variation in
survival rate. These estimates were then used to
compute a weighted mean continental estimate
and associated variance for each sex, over the
period 1960-77. Continental survival rate
estimates based on winter bandings were com-
puted in the same way. For each sex we tested the
null hypothesis of no difference between the
estimates using a z statistic (Brownie et al. 1978).

Results and Discussion

The continental weighted mean survival rate
estimates based on winter and preseason banding
data were similar for both sexes (Table 26). The
estimates based on winter bandings were
somewhat higher and the difference was highly
significant (P < 0.01) for males but not for females
(Table 26). Despite this significant difference, we
were encouraged by the similarity of the estimates.
Considering the difficulty of estimating
parameters for natural animal populations, we find
this degree of correspondence between estimates
based on completely independent data sets sur-
prisingly good. This comparison provided no
evidence that the banded samples are not
representative of North American mallards.

The direction of the differences between the
estimates was that expected based on our work on
the effects of heterogeneity on band recovery
model estimates (Nichols et al. 19825). Of course,



the winter estimates might be higher than the
preseason estimates for some reason we have not
yet considered, but the correspondence is still en-
couraging. The magnitude of the difference be-
tween the estimates suggests that the degree of
heterogeneity of survival and recovery proba-
bilities is not large.

Summary

For this report we used nearly 2,000,000 band-
ings from both preseason and winter periods, and
more than 300,000 associated recoveries, to pro-
vide descriptive information on recovery distribu-
tion patterns and to address questions about
winter distribution and survival rates of mallards.
Detailed work maps were prepared to show the
band recovery distributions of mallards banded
during winter in specific degree blocks throughout
North America. We used these work maps in con-
junction with ancillary information from many
sources to delineate 45 minor winter reference
areas that represented 15 major reference areas.

Band recovery distribution summaries for
mallards banded during winter in these reference
areas are presented in Appendix tables and
figures. These summaries provide a general picture
of the breeding grounds, migration pathways and
possible alternative wintering locations of
mallards from the different wintering ground
reference areas. Our brief descriptions of the ma-
jor reference areas included information from the
recovery distribution summaries, average
estimates of the proportion of total Winter Survey
mallards reported from these areas, and informa-
tion from published reports on wintering mallards
and other waterfowl in the areas.

Tests involving winter band recoveries of
mallards banded during the preseason and winter
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periods were used to draw inferences about winter
distribution patterns of mallards. Age- and sex-
specific variation in wintering ground location was
examined by testing for differences between
winter recovery distributions of birds banded in
particular preseason reference areas. Within each
age class, males and females from the same
breeding reference areas exhibited similar winter
recovery distributions. Similar tests based on
winter recovery distributions of mallards banded
preseason as young versus adults, however, pro-
vided some evidence of age-specific differences
within each sex. The ‘‘foster-parent hypothesis”
of Bellrose and Crompton (1970) and the
hypothesis that young mallards are more respon-
sive than adults to environmental variables when
selecting wintering grounds provided two possi-
ble explanations for this age-specific variation in
wintering ground location.

We tested for possible year-to-year variation in
wintering ground location of specific groups of
mallards by comparing direct versus indirect
winter recovery distribution patterns for mallards
banded in specific preseason reference areas.
Evidence of differences between these direct ver-
sus indirect recovery distributions was obtained
for males of both ages and for young females.
There was no evidence of a difference for adult
females, but sample sizes, and hence power, were
low for this group. We concluded that mallards
probably exhibited some temporal variation in
wintering ground location but that such variation
was relatively small. We tested for potential age-
and sex-specificity of temporal variation in winter-
ing ground location by comparing proportions of
winter recoveries of winter-banded birds that oc-
curred near the original banding site. Both male
and female mallards banded as subadults during
winter exhibited less tendency to be recovered near

Table 26. Results of testing the hypothesis of no difference between weighted mean continental estimates
of survival rate for mallards banded in the winter versus preseason periods, 1960-1977.

Winter banding Preseason banding
Sex s SE(S) s SE(S) z pa
Males 0.675 0.0054 0.641 0.0053 4.49 0.00
Females 0.567 0.0081 0.554 0.0077 1.16 0.25

2Probabilities correspond to a 2-tailed z-test.
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the area of banding during the following winter
than did adults. There was little evidence of a sex-
specific difference within either age class.

Possible long-term shifts in winter distribution
patterns were examined by comparing first-year
winter band recovery distributions of mallards
banded in preseason reference areas during
1950-58 versus 1966-76. Significant differences
were found between the winter recovery dis-
tributions in the two time periods for all four
age-sex classes. However, the actual centers of
the recovery distributions were generally close,
indicating that the observed differences were
not large. It is not clear whether the differ-
ences resulted from shifts in winter distribution
patterns or from geographic changes in hunting
pressure.

Survival and recovery rates of winter-banded
mallards were estimated using the models and
algorithms of Brownie et al. (1978) and are
presented in the Appendix tables. Survival rate for
winter-banded birds corresponds to the probability
that a bird alive at about 30 January in year ¢ will
survive until 30 January of year t+1. Recovery
rate for winter-banded birds represents the proba-
bility that a banded bird alive at 30 January of
year t survives to the subsequent hunting season,
is shot, and its band reported to the Bird Banding
Laboratory. Recovery rate thus includes both the
probability of surviving the period from 30
January until the beginning of the next hunting
season and the probability of being shot during the
hunting season and having the band reported.
Because of this substantial survival component,
recovery rates of winter-banded birds are not
necessarily good indices to harvest rates as are
recovery rates for preseason-banded birds.

We found no evidence of differences between
survival and recovery rates of subadult versus
adult mallards banded in the winter. This finding
leads to the inference that the substantial dif-
ference between survival rates of young and adult
mallards banded preseason (Anderson 1975) must
result from increased mortality of young birds dur-
ing the approximate period, 15 August-30
January. Young birds appear to experience greater
hunting and nonhunting mortality during this
period. We recommend that the aging of mallards
in winter banding operations be continued.

We found strong evidence of a sex-specific dif-
ference between survival and recovery rates of
winter-banded mallards. Survival rates of males

were consistently higher than those of females
from the same areas, a result consistent with in-
ferences based on preseason bandings (Anderson
1975). Male recovery rates were also higher than
those of females. This difference was expected
because of the higher harvest rates (Anderson
1975) and survival rates of males.

The hypothesis of constant survival and
recovery rates was generally rejected for winter-
banded mallards. Test statistics based on all data
sets indicated that mallard survival rates ex-
hibited some degree of variation from year to year.
However, in many individual data sets, survival
rate could be effectively modeled as a constant.
Model 1 of Brownie et al. (1978), with year-specific
survival and recovery rates, provided an adequate
description of most of the winter banding data
sets. Results of these tests for temporal variation
were generally consistent with those based on
preseason-banded mallards.

Weighted mean survival rate estimates were
computed for major reference areas and flyways.
Comparisons of survival rates for adjacent eastern
versus western reference areas and northern
versus southern reference areas, provided evidence
that some geographic variation in survival rates
does exist. However, these tests provide no
evidence of consistent directional differences.
Some of the flyway comparisons indicated higher
survival rates of mallards banded in the Central
Flyway, but the estimated magnitudes of these dif-
ferences were small.

Weighted mean continental survival rate
estimates were obtained from preseason and
winter banding data. Estimates based on winter
banding data were slightly higher, and the dif-
ference was statistically significant for males but
not females. The direction of the difference was
consistent with predictions based on previous
work on the effects of heterogeneous survival and
recovery rates on band recovery model estimates.
The similarity of the estimates from these two in-
dependent data sets supports our belief that biases
in these estimates are relatively small.

Acknowledgments

The banding data on which this report is based
resulted from the work of many individuals



associated with State and Federal agencies and
private organizations. We gratefully acknowledge
the efforts of all mallard banders and parent
organizations, and thank them for providing
us with an excellent data base. Individuals and
agencies that have banded more than 1,000
mallards during the winter period are listed in Ap-
pendix C.

We acknowledge the substantial efforts of David
R. Anderson, leader of the original research team
that investigated the population ecology of the
mallard, and author of five of the first seven
monographs in this report series. We believe that
these seven reports constitute the most com-
prehensive investigation of the population ecology
of any continentally-distributed animal population
in the world. We drew heavily on the results of
these previous reports and benefited greatly from
the methodologies that were developed during
their preparation. In particular, the band recovery
models and associated computer programs
developed by David R. Anderson, Cavell Brownie,
Kenneth P. Burnham, and Douglas S. Robson
were extremely useful in all our work dealing with
survival and recovery rates.

When this study was initiated, we were members
of the Migratory Bird and Habitat Research
Laboratory. Fant W. Martin, former Director of
the Laboratory and H. Franklin Percival, former
Chief of the Migratory Game Bird Section, were
very helpful in providing not only administrative
assistance, but also technical advice, background
information, and general encouragement and sup-
port. We now work for Patuxent Wildlife Research
Center, where we have benefited from the ad-
ministrative help and support of John G. Rogers
and, especially, Thomas J. Dwyer. Richard S.
Pospahala of the Migratory Bird Management
Office provided background information, technical
advice, and considerable insight into mallard
population ecology and was very helpful through-
out the study. Fish and Wildlife Service Flyway
Representatives James C. Bartonek, Warren W.
Blandin, Kenneth E. Gamble, and Harvey W.
Miller provided advice, helped solicit comments
from State biologists on the winter reference areas,
and compiled Winter Survey data for some of
these areas. In addition, we have benefited from
discussions, technical advice, and other assistance
provided by the following persons: David R.
Anderson, Robert J. Blohm, Kenneth P. Burnham,
Samuel M. Carney, Michael J. Conroy, Paul H.

77

Geissler, G. Michael Haramis, Gary L. Hensler,
Gary R. Hepp, George M. Jonkel, Charles F. Kim-
ball, Ronald E. Kirby, Jerry R. Longcore, Elwood
M. Martin, R. Kahler Martinson, Lois M. Moyer,
Robert E. Munro, Kenneth J. Reinecke, Robert 1.
Smith, Michael F. Sorenson, S. Lynne Stokes,
Robert H. Traxler, and Byron K. Williams.

Donald Coyne, William M. Cygan, and Robert
Navitski provided computer programming
assistance in the early stages of our work. Peggy
C. Bowley, John M. Heiss, Carol A. Samuel, and
Regina M. Wilcox assisted in preparing band
recovery distribution maps. Regina M. Wilcox
typed the entire manuscript and assisted in
numerous other ways, and we are especially
grateful for her patience and expert help.

We thank the following persons for help in pro-
viding the photographs used in this report:
Richard M. Hopper and James K. Ringelman,
Colorado Division of Wildlife; Stephen P. Havera,
Illinois Natural History Survey; Joe L. Herring
and Charles M. Smith, Louisiana Department of
Wildlife and Fisheries; H. W. Heusmann,
Massachusetts Division of Fisheries and Wildlife;
Dale D. Humburg, Missouri Department of
Conservation; Eric G. Bolen and Paul N. Gray,
Texas Tech University; Michael J. Conroy, David
S. Gilmer, Dennis G. Jorde, Erwin E. Klaas, Gary
L. Krapu, Holliday H. Obrecht, Karl Parker,
Kenneth J. Reinecke, Susan Saul, Charles W.
Shaiffer, and Don Voros, U.S. Fish and Wildlife
Service. Our special thanks go to Alison G.
LaRochelle for contributing the artwork appear-
ing on the front cover.

Finally, we thank David R. Anderson, 1. J. Ball,
Michael J. Conroy, Gary R. Hepp, Douglas H.
Johnson, Kenneth J. Reinecke, and an anonymous
referee for reviewing and providing comments on
the entire manuscript.

References

Addy, C. E. 1964. Atlantic flyway. Pages 167-184 in
J. P.Linduska, ed. Waterfowl tomorrow. U.S. Depart-
ment of the Interior, Washington, D.C. 770 pp.

Alexander, W. C., and J. D. Hair. 1979. Winter forag-
ing behavior and aggression of diving ducks in South
Carolina. Proc. Annu. Conf. Southeast. Assoc. Fish
Wildl. Agencies 31:226-232.

Allen, C. E. 1980. Feeding habits of ducks in a green-
tree reservoir in eastern Texas. J. Wildl. Manage.
44:232-236.



78

Allen, C. E,, and L. K. Halls. 1978. Feasibility of a
green-tree reservoir in eastern Texas. Proc. Annu.
Conf. Southeast. Assoc. Game Fish Comm.
30:404-407.

Anderson, D. R. 1975. Population ecology of the mallard:
V. Temporal and geographic estimates of survival,
recovery, and harvest rates. U.S. Fish Wildl. Serv.,
Resour. Publ. 125. 110 pp.

Anderson, D. R., and K. P. Burnham. 1976. Population
ecology of the mallard: VI. The effect of exploitation
on survival. U.S. Fish Wildl. Serv., Resour. Publ. 128.
66 pp.

Anderson, D. R., and K. P. Burnham. 1980. Effect of
delayed reporting of band recoveries on survival
estimates. J. Field Ornithol. 51:244-247.

Anderson, D. R., K. P. Burnham, and G. C. White. 1982.
The effect of exploitation on annual survival of
mallard ducks: an ultrastructural model. Int. Biom.
Conf. 11:33-39.

Anderson, D. R., and C. J. Henny. 1972. Population
ecology of the mallard: I. A review of previous studies
and the distribution and migration from breeding
areas. U.S. Fish Wildl. Serv., Resour. Publ. 105.
166 pp.

Anderson, H. G. 1959. Food habits of migratory ducks
in Illinois. Ill. Nat. Hist. Surv. Bull. 27:289-344.
Anderson, M. G., and B. D. J. Batt. 1983. Workshop
on the ecology of wintering waterfowl. Wildl. Soc. Bull.

11:22-24.

Bailey, R. O. 1981. A theoretical approach to problems
in waterfowl management. Trans. N. Am. Wildl. Nat.
Resour. Conf. 46:58-71.

Baldassarre, G. A., and E. G. Bolen. 1984. Field-feeding
ecology of waterfowl wintering on the southern High
Plains of Texas. J. Wildl. Manage. 48:63-71.

Ball, I. J., K. W. Fletcher, and J. H. Foster. 1979. Long
term effects of the Columbia Basin irrigation project
on game bird populations. Pages 55-63 in P. Dyer,
ed. Proceedings of a symposium on water rights for
fish and wildlife. Institute for Environmental Studies,
University of Washington, Seattle. 132 pp.

Barclay, J. S. 1970. Ecological aspects of defensive
behavior in breeding mallards and black ducks. Ph.D.
Thesis, Ohio State University, Columbus. 176 pp.

Barclay, J. S. 1976. Waterfowl use of Oklahoma reser-
voirs. Ann. Okla. Acad. Sci. 5:141-151.

Batschelet, E. 1972. Recent statistical methods for orien-
tation data. Pages 61-91 in S. R. Galler, K. Schmidt-
Koenig, G. J. Jacobs, and R. E. Belleville, eds. Animal
orientation and navigation, NASA SP-262. National
Aeronautics and Space Administration, Washington,
D.C. 606 pp.

Batschelet, E. 1978. Second-order statistical analysis of
directions. Pages 3-24 in K. Schmidt-Koenig and W.
T. Keeton, eds. Animal migration, navigation, and
homing. Springer-Verlag, New York. 462 pp.

Bayley, S., V. D. Stotts, P. F. Springer, and J. Steenis.
1978. Changes in submerged aquatic macrophyte pop-
ulations at the head of Chesapeake Bay, 1958-1975.
Estuaries 1:73-84.

Beer, J. R. 1945. Sex ratios of ducks in southwestern
Washington. Auk 62:117-124,

Bellrose, F. C. 1968. Waterfowl migration corridors east
of the Rocky Mountains in the United States. Ill. Nat.
Hist. Surv., Biol. Notes 61. 24 pp.

Bellrose, F. C. 1976. Ducks, geese and swans of North
America. Stackpole Books, Harrisburg, Pa. 543 pp.

Bellrose, F. C., and E. B. Chase. 1950. Population losses
in the mallard, black duck, and blue-winged teal. I11.
Nat. Hist. Surv., Biol. Notes 22. 27 pp.

Bellrose, F. C., and R. D. Crompton. 1970. Migrational
behavior of mallards and black ducks as determined
from banding. Ill. Nat. Hist. Surv. Bull. 30:167-234.

Bellrose, F. C., T. G. Scott, A. S. Hawkins, and J. B.
Low. 1961. Sex ratios and age ratios in North
American ducks. Ill. Nat. Hist. Surv. Bull.
27:391-474.

Bolen, E. G., and F. S. Guthery. 1982. Playas, irriga-
tion, and wildlife in west Texas. Trans. N. Am, Wildl.
Nat. Resour. Conf. 47:528-541.

Bolen, E. G., C. D. Simpson, and F. A. Stormer. 1979.
Playa lakes: threatened wetlands of the southern
Great Plains. Pages 22-30 in Riparian and wetland
habitats of the Great Plains. Great Plains Agric.
Counc. Publ. 91. 88 pp.

Boyd, H., and M. A. Ogilvie. 1961. The distribution of
mallard ringed in southern England. Wildfowl Trust
Annu. Rep. 12:125-136.

Brownie, C., D. R. Anderson, K. P. Burnham, and D. S.
Robson. 1978. Statistical inference from band re-
covery data: a handbook. U.S. Fish Wildl. Serv.,
Resour. Publ. 131. 212 pp.

Brownie, C., and D. S. Robson. 1974. Testing for equal-
ity of the annual survival rates in the SRY model for
band return data. Biometrics Unit, Cornell University,
Ithaca, N.Y. BU-515-M. 18 pp. (mimeo)

Brownie, C., and D. S. Robson. 1976. Models allowing
for age-dependent survival rates for band return data.
Biometrics 32:305-323.

Buller, R. J. 1964. Central Flyway. Pages 209-232 in
J. P. Linduska, ed. Waterfowl tomorrow. U.S. Depart-
ment of the Interior, Washington, D.C. 770 pp.

Buller, R. J. 1975. Redistribution of waterfowl: influence
of water, protection and feed. Proc. Int. Waterfowl
Symp. 1:143-154.

Burnham, K. P., and D. R. Anderson. 1979. The com-
posite dynamic method as evidence for age-
specific waterfowl mortality. J. Wildl. Manage.
43:356-366.

Burnham, K. P., and D. R. Anderson. 1984. Tests of com-
pensatory vs. additive hypotheses of mortality in
mallards. Ecology 65:105-112.

Burnham, K. P., G. C. White, and D. R. Anderson. 1984.
Estimating the effect of hunting on annual sur-
vival rates of adult mallards. J. Wildl. Manage.
48:350-361.

Buss, 1. O,, and L. D. Wing. 1966. Pre-impoundment
observations of wintering mallards and nesting
Canada geese on the Snake River, southeast
Washington. Res. Stud. 34:1-36.

Calder, W. A. 1974. Consequences of body size for avian
energetics. Pages 86-144 in R. A. Paynter, Jr., ed.
Avian energetics. Nuttall Ornithol. Club Publ. 15.
334 pp.



Carney, S. M. 1964. Preliminary keys to waterfowl age

and sex identification by means of wing plumage. U.S.
. Fish Wildl. Serv., Spec. Sci. Rep—Wildl. 82. 47 pp.

Carney, S. M., and A. D. Geis. 1960. Mallard age and
sex determination from wings. J. Wildl. Manage.
24:372-381.

Carter, V., and G. M. Haramis. 1980. Distribution and
abundance of submersed aquatic vegetation in the
tidal Potomac River—implications for waterfowl.
Atlantic Nat. 33:14-19.

Cartwright, B. W., and J. T. Law. 1952. Waterfowl band-
ing 1939-1950 by Ducks Unlimited. Ducks Unlimited,
Winnipeg, Manit. 53 pp.

Chabreck, R. H. 1960. Coastal marsh impoundments for
ducks in Louisiana. Proc. Annu. Conf. Southeast.
Assoc. Game Fish Comm. 14:24-29.

Chabreck, R. H. 1979. Wildlife harvest in wetlands of
the United States. Pages 618-631 in P. E. Greeson,
J. R. Clark, and J. E. Clark, eds. Wetland functions
and values: the state of our understanding. American
Water Resources Association, Minneapolis, Minn.
674 pp.

Chabreck, R. H,, R. K. Yancey, and L. McNease. 1975.
Duck usage of management units in the Louisiana
coastal marsh. Proc. Annu. Conf. Southeast. Assoc.
Game Fish Comm. 28:507-516.

Chamberlain, E. B., Jr. 1960. Florida waterfowl popula-
tions, habitats and management. Fla. Game Fresh
Water Fish Comm., Tech. Bull. 7. 62 pp.

Chamberlain, J. L. 1959. Gulf coast marsh vegetation
as food of wintering waterfowl. J. Wildl. Manage.
23:97-102.

Chattin, J. E. 1964. Pacific Flyway. Pages 233-252 in
J. P. Linduska, ed. Waterfowl tomorrow. U.S. Depart-
ment of the Interior, Washington, D.C. 770 pp.

Cohen, D. 1967. Optimization of seasonal migratory
behavior. Am. Nat. 101:5-17.

Conrad, W. B., Jr. 1966. A food habits study of ducks
wintering on the lower Pee Dee and Waccamaw rivers,
Georgetown, South Carolina. Proc. Annu. Conf.
Southeast. Assoc. Game Fish Comm. 19:93-98.

Conroy, M. J., and R. T. Eberhardt. 1983. Variation in
survival and recovery rates of ring-necked ducks. J.
Wildl. Manage. 47:127-137.

Cooper, J. A., and M. A. Johnson. 1977. Wintering
waterfowl in the Twin Cities. Loon 49:121-138.

Copelin, F. F. 1961. Waterfowl inventory on small flood
prevention reservoirs in western Oklahoma. Proc.
Okla. Acad. Sci. 42:260-263.

Cox, G. W. 1968. The role of competition in the evolu-
tion of migration. Evolution 22:180-192.

Crawford, E. E. 1938. A study of the food habits of the
waterfowl of the Willamette Valley, Oregon. M.S.
Thesis, Oregon State College, Corvallis. 59 pp.

Crissey, W. F. 1955. The use of banding data in deter-
mining waterfowl migration and distribution. J. Wildl
Manage. 19:75-84.

Crissey, W. F. 1965. Waterfowl species management:
problems and progress. Trans. N. Am. Wildl. Nat.
Resour. Conf. 30:229-246.

Critcher, T. S. 1949. An investigation of the waterfowl
resources on Currituck Sound, North Carolina, during

79

the 1947-48 and 1948-49 hunting seasons. M.S.
Thesis, North Carolina State College, Raleigh. 111 pp.

Cronan, J. M., and B. F. Halla, 1968. Fall and winter
foods of Rhode Island waterfowl. Rhode Island Dep.
Nat. Resour., Wildl. Pam. 7. 40 pp.

Dillon, O. W., Jr. 1959. Food habits of wild mallard
ducks in three Louisiana parishes. Trans. N. Am.
Wildl. Conf. 24:374-382.

Drake, S. O., Jr. 1970. Winter foods of mallards on
Eufaula National Wildlife Refuge. M.S. Thesis,
Auburn University, Auburn, Ala. 119 pp.

Drewien, R. C. 1968. Recovery analysis of mallards
banded in the Black Hills during the winters of
1950-51 and 1951-52 South Dakota. S. Dak. Pittman-
Robertson Rep. W-75-R-10. 15 pp.

Duke, R. W., and R. H. Chabreck. 1976. Waterfowl
habitat in lakes of the Atchafalaya Basin, Louisiana.
Proc. Annu. Conf. Southeast. Assoc. Game Fish
Comm. 29:501-512.

Eberhardt, L. L. 1972. Some problems in estimating sur-
vival from banding data. Pages 153-171 in Popula-
tion ecology of migratory birds—a symposium. U.S.
Fish Wildl. Serv., Wildl. Res. Rep. 2. 278 pp.

Ferguson, E. L., D. G. Jorde, and J. J. Sease. 1981. Use
of 35-mm color aerial photography to acquire mallard
sex ratio data. Photogrammat. Eng. Remote Sens.
47:823-8217.

Figley, W. K., and L. W. VanDruff. 1982. The ecology
of urban mallards. Wildl. Monogr. 81. 40 pp.

Fleming, W. B. 1959. Migratory waterfowl in Arizona.
Arizona Game Fish Dept., Wildl. Bull. 5. 74 pp.

Forsythe, S. W., and S. W. Gard. 1980. Status of bottom-
land hardwoods along the Lower Mississippi River.
Trans. N. Am. Wildl. Nat. Resour. Conf. 45:333-340.

Funk, H. D., J. R. Grieb, D. Witt, G. F. Wrakestraw,
G. W. Merrill, J. Sands, T. Kuck, D. Timm, T. Logan,
and C. D. Stutzenbaker. 1971. Justification of the
Central Flyway High Plains Mallard Management
Unit. Cent. Flyway Tech. Comm. Rep. 48 pp. (mimeo)

Furniss, S. B. 1974. Migrational characteristics and sur-
vival rates of mallards banded at Malheur National
Wildlife Refuge. M.S. Thesis, Oregon State Univer-
sity, Corvallis. 54 pp.

Gard, S. W. 1979. Unmet mitigation in the Lower
Mississippi River and tributaries. Pages 419-423 in
G. A. Swanson, tech. coord. The mitigation sym-
posium: a national workshop on mitigating losses of
fish and wildlife habitats. U.S. For. Serv., Gen. Tech.
Rep. RM-65. 696 pp.

Gauthreaux, S. A., Jr. 1978, The ecological signifi-
cance of behavioral dominance. Pages 17-54 in
P. P. G. Bateson and P. H. Klopfer, eds. Perspectives
in ethology. Vol. 3. Plenum Press, New York.
277 pp.

Geis, A. D. 1971. Breeding and wintering areas of
mallards harvested in various States and Provinces.
U.S. Fish Wildl. Serv., Spec. Sci. Rep—Wildl. 144.
59 pp.

Geis, A. D. 1972. Role of banding data in migratory bird
population studies, Pages 213-228 in Population
ecology of migratory birds—a symposium. U.S. Fish
Wildl. Serv., Wildl. Res. Rep. 2. 278 pp.



80

Geis, A. D., R. K. Martinson, and D. R. Anderson. 1969.
Establishing hunting regulations and allowable
harvest of mallards in the United States. J. Wildl.
Manage. 33:848-859.

Gilmer, D. S., M. R. Miller, R. D. Bauer, and J. R.
LeDonne. 1982. California’s Central Valley wintering
waterfowl: concerns and challenges. Trans. N. Am.
Wildl. Nat. Resour. Conf, 47:441-452.

Girard, G. L. 1941. The mallard: its management in
western Montana. J. Wildl. Manage. 5:233-259.

Givens, L. S., and T. Z. Atkeson. 1957. The use of
dewatered land in southeastern waterfowl manag-
ment. J. Wildl. Manage. 21:465-467.

Gollop, J. B. 1965. Dispersal and annual survival of the
mallard (Anas platyrhynchos). Canadian Wildlife
Service, Saskatoon, Sask. 104 pp. (mimeo)

Gordon, D. H. 1981. Condition, feeding ecology, and
behavior of mallards wintering in northcentral
Oklahoma. M.S. Thesis, Oklahoma State University,
Stillwater. 68 pp.

Gorham, W. E. 1975. Influences of United States Army
Corps of Engineers reservoirs on waterfowl popula-
tions in Oklahoma. M.S. Thesis, Oklahoma State
University, Stillwater. 100 pp.

Greenberg, R. 1980. Demographic aspects of long-
distance migration. Pages 493-504 in A. Keast and
E. S. Morton, eds. Migrant birds in the neotropics:
ecology, behavior, distribution, and conservation.
Smithsonian Institute Press, Washington, D.C.
576 pp.

Grieb, J. R., and E. L. Boeker. 1954. Waterfowl mi-
gration studies and their application to manage-
ment in Colorado. Trans. N. Am. Wildl. Conf.
19:195-210.

Harrison, J., and M. Hudson. 1964. Some effects of
severe weather on wildfowl in Kent in 1962-63.
Wildfowl Trust Annu. Rep. 15:26-32.

Hawkins, A. S., and F. C. Bellrose. 1939. The duck flight
and kill along the Illinois River during the fall of 1938.
Am. Wildl. 28:178-186.

Hawkins, A. S,, F. C. Bellrose, Jr., and H. G. Anderson.
1939. The waterfowl research program in Illinois. Ill.
Nat. Hist. Surv., Biol. Notes 12. 16 pp.

Hawkins, A. S., F. C. Bellrose, Jr., and R. H. Smith.
1946. A waterfowl reconnaissance in the Grand Prairie
region of Arkansas. Trans. N. Am. Wildl. Conf.
11:394-403.

Heit, W. S. 1948. Texas coastal waterfowl concentration
areas and their 1947-48 wintering population. Trans.
N. Am. Wildl. Conf. 13:323-338.

Heitmeyer, M. E. 1980. Characteristics of wetland
habitats and waterfowl populations in Oklahoma. M..S.
Thesis, Oklahoma State University, Stillwater.
263 pp.

Heitmeyer, M. E., and L. H. Frederickson. 1981. Do
wetland conditions in the Mississippi Delta hardwoods
influence mallard recruitment? Trans. N. Am. Wildl.
Nat. Resour. Conf. 46:44-57.

Heitmeyer, M. E., and P. A. Vohs, Jr. 1984. Distribu-
tion and habitat use of waterfowl wintering in
Oklahoma. J. Wildl. Manage. 48:51-62.

Henny, C. J., and K. P. Burnham. 1976. A reward band
study of mallards to estimate band reporting rates.
J. Wildl. Manage. 40:1-14.

Hepp, G. R., and J. D. Hair. 1984. Dominance in winter-
ing waterfowl (Anatini): effects on distribution of
sexes. Condor 86:251-257.

Heusmann, H. W. 1974, Mallard-black duck relation-
ships in the northeast. Wildl. Soc. Bull. 2:171-177.

Heusmann, H. W. 1981. Movements and survival
rates of park mallards. J. Field Ornithol.
52:214-221.

Heusmann, H. W. 1983. Mallards in the park—
contribution to the harvest. Wildl. Soc. Bull.
11:169-171.

Heusmann, H. W., and R. G. Burrell. 1974. Park
mallards. Pages 77-86 in Wildlife in an urbanizing en-
vironment. Holdsworth Natural Resource Center,
Cooperative Extension Service, Amherst, Mass.
Plann. Resour. Dev. Ser. 28. 182 pp.

Hickey, J. J. 1951. Mortality records as indices of migra-
tion in the mallard. Condor 53:284-297.

Hickey, J. J. 1952a. Monthly distributions of mallard
hunting mortality. J. Wildl. Manage. 16:32-38.

Hickey, J. J. 1952b. Survival studies of banded birds.
U.S. Fish Wildl. Serv., Spec. Sci. Rep.—Wildl. 15.
177 pp.

Hirst, S. M., and C. A. Easthope. 1981. Use of agricul-
tural lands by waterfowl in southwestern British Col-
umbia. J. Wildl. Manage. 45:454-462,

Hobaugh, W. C., and J. G. Teer. 1981. Waterfowl use
characteristics of flood-prevention lakes in north-
central Texas. J. Wildl. Manage. 45:16-26.

Hochbaum, H. A. 1942. Sex and age determination of
waterfowl by cloacal examination. Trans. N. Am.
Wildl. Conf. 7:299-307.

Hopper, R. M. 1968. Wetlands of Colorado. Colorado
Game, Fish, Parks Dep., Tech. Publ. 22. 89 pp.

Hopper, R. M. 1972. Waterfowl use in relation to size
and cost of potholes. J. Wildl. Manage. 36:459-468.

Hopper, R. M., and H. D. Funk. 1970. Reliability of the
mallard wing age-determination technique for field
use. J. Wildl. Manage. 34:333-339.

Hopper, R. M., H. D. Funk, and D. R. Anderson. 1978.
Age specificity in mallards banded postseason in
eastern Colorado. J. Wildl. Manage. 42:263-270.

Hopper, R. M., A. D. Geis, J. R. Grieb, and L. Nelson,
Jr. 1975. Experimental duck hunting seasons, San
Luis Valley, Colorado, 1963-1970. Wildl. Monogr. 46.
68 pp.

Humburg, D. D., D. Graber, S. Sheriff, and T. Miller.
1983. Estimating autumn-spring waterfowl nonhunt-
ing mortality in north Missouri. Trans. N. Am. Wildl
Nat. Resour. Conf. 48:241-256.

Hunter, C. G. 1978. Managing green tree reservoirs for
waterfowl. Proc. Int. Waterfowl Symp. 3:217-223.
Hyland, J. M., and P. J. Gabig. 1980. Survival and
recovery distribution of Central and Western
Mississippi Flyway winter-banded mallards. Nebr.

Tech. Ser. 6. 132 pp.

Johnsgard, P. A. 1960. A quantitative study of sexual
behavior of mallards and black ducks. Wilson Bull.
72:133-155.



Johnsgard, P. A. 1961la. Evolutionary relationships
among the North American mallards. Auk 78:3-43.

Johnsgard, P. A. 1961b. Wintering distribution changes
in mallards and black ducks. Am. Midl. Nat.
66:477-484.

Johnsgard, P. A,, and R. DiSilvestro. 1976. Seventy-five
years of changes in mallard-black duck ratios in
eastern North America. Am. Birds 30:904-908.

Johnson, D. H., and A. B. Sargeant. 1977. Impact of red
fox predation on the sex ratio of prairie mallards. U.S.
Fish Wildl. Serv., Wildl. Res. Rep. 6. 56 pp.

Jorde, D. G. 1981. Winter and spring staging ecology
of mallards in south central Nebraska. M.S. Thesis,
University of North Dakota, Grand Forks. 116 pp.

Jorde, D. G., G. L. Krapu, and R. D. Crawford. 1983.
Feeding ecology of mallards wintering in Nebraska.
J. Wildl. Manage. 47:1044-1053.

Kerwin, J. A., R. E. Munro, and W. W. A. Peterson.
1976. Distribution and abundance of aquatic vegeta-
tion in the upper Chesapeake Bay, 1971-1974. Pages
393-400 in J. Davis, coord. The effects of tropical
storm Agnes on the Chesapeake Bay estuarine
system. Chesapeake Res. Cons. Publ. 54. 639 pp.

Kerwin, J. A., and L. G. Webb. 1972. Foods of ducks
wintering in coastal South Carolina, 1965-1967. Proc.
Annu. Conf. Southeast. Assoc. Game Fish Comm.
25:223-245.

Ketterson, E. D., and V. Nolan, Jr. 1976. Geographic
variation and its climatic correlates in the sex ratio
of eastern-wintering dark-eyed juncos (Junco hyemalis
hyemalis). Ecology 57:679-693.

Kinghorn, R. G. 1949. Determination of winter water-
fowl population trends in Colorado by aerial survey.
Trans. N. Am. Wildl. Conf. 14:68-74.

Kirby, R. E., J. E. Hines, and J. D. Nichols. 1983. After-
noon closure of hunting and recovery rates of mallards
banded in Minnesota. J. Wildl. Manage. 47:209-213.

Kortright, F. H. 1942. The ducks, geese and swans of
North America. American Wildlife Institute, Wash-
ington, D.C. 476 pp.

Krapu, G. L., and H. A. Doty. 1979. Age-related aspects
of mallard reproduction. Wildfowl 30:35-39.

Kushlan, J. A., O. L. Bass, Jr., and L. C. McEwan. 1982.
Wintering waterfowl in the Everglades estuaries. Am.
Birds 36:815-819.

Lack, D. 1944. The problem of partial migration. Brit.
Birds 37:122-130, 143-150.

Lack, D. 1954. The natural regulation of animal
numbers. Clarendon Press, Oxford, England.
343 pp.

Landers, J. L., A. S. Johnson, P. H. Morgan, and
W. P. Baldwin. 1976. Duck foods in managed tidal
impoundments in South Carolina. J. Wildl. Manage.
40:721-728.

Lauckhart, J. B. 1961. Waterfowl population changes.
Proc. Annu. Conf. West. Assoc. State Game Fish
Comm. 40:157-160.

Leach, B. A. 1972. The waterfowl of the Fraser Delta,
British Columbia. Wildfowl 23:45-54.

Lensink, C. J. 1964. Distribution of recoveries from
banding of ducklings. U.S. Fish Wildl. Serv., Spec. Sci.
Rep.—Wildl. 89. 146 pp.

81

Leopold, A. 1919. Differential sex migration of mallards
in New Mexico. Condor 21:182-183.

Leopold, A. 1920. Further notes on differential sex
migration. Condor 22:156-157.

Longwell, J. R., and V. Stotts. 1959. Some observations
on the recovery of diving ducks banded in the
Maryland portion of Chesapeake Bay. Proc. Annu.
Conf. Southeast. Assoc. Game Fish Comm.
12:285-291.

Mall, R. E. 1969. Soil-water-salt relationships of water-
fowl food plants in the Suisun Marsh of California.
Calif. Dep. Fish Game, Wildl. Bull. 1. 59 pp.

March, J. R., and R. A. Hunt. 1978. Mallard population
and harvest dynamics in Wisconsin. Wis. Dep. Nat.
Resour., Tech. Bull. 106. 74 pp.

Mardia, K. V. 1967. A non-parametric test for the
bivariate two-sample location problem. J. R. Stat.
Soc., Ser. B, 29:320-342.

Mardia, K. V. 1968. Small sample power of a non-
parametric test for the bivariate two-sample location
problem in the normal case. J. R. Stat. Soc., Ser. B,
30:83-92.

Mardia, K. V. 1969a. On Wheeler and Watson’s
two-sample test on a circle. Sankhya, Ser. A,
31:177-190.

Mardia, K. V. 19695. On the null distribution of a non-
parametric test for the bivariate two-sample problem.
J. R. Stat. Soc., Ser. B, 31:98-102.

Mardia, K. V. 1972. Statistics of directional data.
Academic Press, London. 375 pp.

Martin, E. M., and S. M. Carney. 1977. Population
ecology of the mallard. IV. A review of duck hunting
regulations, activity, and success, with special
reference to the mallard. U.S. Fish Wildl. Serv.,
Resour. Publ. 130. 137 pp.

Martin, F. W., R. S. Pospahala, and J. D. Nichols. 1979.
Assessment and population management of North
American migratory birds. Pages 187-239 in J.
Cairns, G. P. Patil, and W. E. Waters, eds. Envi-
ronmental biomonitoring, assessment, prediction
and management—certain case studies and related
quantitative issues. Stat. Ecol. Ser. Vol I1. Interna-
tional Cooperative Publishing House, Fairland, Md.
438 pp.

Martinson, R. K. 1966. Some characteristics of winter-
ing mallard populations and their management. U.S.
Fish Wildl. Serv., Migr. Bird Pop. Stn., Adm. Rep.
116. 11 pp.

Martinson, K. 1975. Resume of harvest—comparisons
of Canada, Mexico and the United States. Proc. Int.
Waterfowl Symp. 1:189-192.

Martinson, R. K., and A. S. Hawkins. 1968. Lack of
association among duck broodmates during migration
and wintering. Auk 85:684-686.

McGilvrey, F. B. 1966. Fall food habits of ducks near
Santee Refuge, South Carolina. J. Wildl. Manage.
30:577-580.

Merrill, G. W. 1967. A proposal for including New
Mexico in the Western Mallard Management Unit.
Cent. Flyway Tech. Comm. Rep. 16 pp.

Moore, R. L. 1980. Aspects of the ecology and hunting
economics of migratory waterfowl on the Texas High



82

Plains. M.S. Thesis, Texas Tech University, Lubbock.
70 pp.

Mumford, R. E. 1954. Waterfowl management in
Indiana. Ind. Dep. Conserv., Pittman-Robertson
Bull. 2. 99 pp.

Munro, J. A. 1943. Studies of waterfowl in British
Columbia. Mallard. Can. J. Res. 21:223-260.

Munro, J. A. 1957. Observations of the winter water-
fowl population at Morro Bay, California. Murrelet
38:9-25.

Munro, R. E., and C. F. Kimball. 1982. Population
ecology of the mallard. VII. Distribution and deriva-
tion of the harvest. U.S. Fish Wildl. Serv., Resour.
Publ. 147. 127 pp.

Munro, R. E., and M. C. Perry. 1981. Distribution and
abundance of waterfowl and submerged aquatic
vegetation in Chesapeake Bay. Final report to
FWS/OBS-78/D-X0391. 180 pp.

Nelson, L. J., D. R. Anderson, and K. P. Burnham. 1980.
The effect of band loss on estimates of annual survival.
J. Field Ornithol. 51:32-38.

Nichols, J. D., and G. M. Haramis. 1980. Sex-specific
differences in winter distribution patterns of canvas-
backs. Condor 82:406-416.

Nichols, J. D., and J. E. Hines. 1983. The relationship
between harvest and survival rates of mallards: a
straightforward approach with partitioned data sets.
J. Wildl. Manage. 47:334-348.

Nichols, J. D., R. S. Pospahala, and J. E. Hines. 1982a.
Breeding-ground habitat conditions and the survival
of mallards. J. Wildl. Manage. 14:80-87.

Nichols, J. D., K. J. Reinecke, and J. E. Hines. 1983.
Factors affecting the distribution of mallards winter-
ing in the Mississippi Alluvial Valley. Auk
100:932-946.

Nichols, J. D., S. L. Stokes, J. E. Hines, and M. J.
Conroy. 1982b. Additional comments on the assump-
tion of homogeneous survival rates in modern bird
banding estimation models. J. Wildl. Manage.
46:953-962.

Nilsson, L. 1973. Annual fluctuations among Swedish
mallards (Arnas platyrhynchos) and their possible
causes. Int. Congr. Game Biol. 11:245-248.

Nilsson, L. 1976. Sex-ratios of Swedish mallard during
the non-breeding season. Wildfowl 27:91-94.

Ogilvie, M. A., and W. A. Cook. 1971. Differential migra-
tion of the sexes and other aspects of the recovery
overseas of mallard ringed at Borough Fen Decoy,
Northamptonshire. Wildfowl 22:89-97.

Orth, R. J., and K. A. Moore. 1981. Submerged aquatic
vegetation of the Chesapeake Bay: past, present and
future. Trans. N. Am. Wildl. Nat. Resour. Conf.
46:271-283.

Orth, R. J., and K. A. Moore. 1983. Chesapeake Bay:
an unprecedented decline in submerged aquatic
vegetation. Science 222:51-53.

Osborne, M. 1981. Resource management, planning and
priorities in the lower Mississippi River Valley.
Wetlands 1:1-8.

Palmisano, A. W. 1973. Habitat preference of waterfowl
and fur animals in the northern gulf coast marshes.
Pages 163-190 in R. H. Chabreck, ed. Procedures of

the second coastal marsh and estuary management
symposium, Louisiana State University, Baton Rouge.
316 pp.

Patterson, J. H. 1979. Can ducks be managed by regula-
tion? Experiences in Canada. Trans. N. Am. Wildl
Nat. Resour. Conf. 44:130-139.

Perdeck, A. C., and C. Clason. 1983. Sexual differences
in migration and winter quarters of ducks ringed in
the Netherlands. Wildfowl 34:137-143.

Perry, M. C., R. E. Munro, and G. M. Haramis. 1981.
Twenty-five year trends in diving duck populations
in Chesapeake Bay. Trans. N. Am. Wildl. Nat. Resour.
Conf. 46:299-310.

Petrides, G. A. 1944. Sex ratios in ducks. Auk
61:564-571.

Petrides, G. A., and C. R. Bryant. 1951. An analysis of
the 1949-50 fowl cholera epizootic in Texas panhandle
waterfowl. Trans. N. Am. Wildl. Conf. 16:193-216.

Pollock, K. H., and D. G. Raveling. 1982. Assumptions
of modern band-recovery models, with emphasis on
heterogeneous survival rates. J. Wildl. Manage.
46:88-98.

Pospahala, R. S., D. R. Anderson, and C. J. Henny. 1974.
Population ecology of the mallard. II. Breeding habitat
conditions, size of the breeding populations, and pro-
duction indices. U.S. Fish Wildl. Serv., Resour. Publ.
115. 73 pp.

Primrose, N. L. 1980. The wintering ecology of the
Magothy River waterfowl. M.S. Thesis, Johns
Hopkins University, Baltimore, Md. 145 pp.

Pulliainen, E. 1963. On the history, ecology and ethology
of the mallards (Anas platyrhynchos L. ) overwinter-
ing in Finland. Ornis Fenn. 40:45-66.

Rabenberg, M. J. 1982. Ecology and population
dynamics of mallards wintering in the Columbia Basin.
M.S. Thesis, University of Montana, Missoula. 135 pp.

Raisz, E. 1962. Principles of cartography. McGraw Hill,
New York. 315 pp.

Rakestraw, J. L. 1981. Survival and recovery rates of
mallards banded postseason in South Carolina. J.
Wildl. Manage. 45:1032-1036.

Reed, L. W. 1971. Use of western Lake Erie by
migratory and wintering waterfowl. M.S. Thesis,
Michigan State University, E. Lansing. 71 pp.

Reinecke, K. J. 1981. Winter waterfowl research needs
and efforts in the Mississippi Delta. Proc. Int. Water-
fowl Symp. 4:231-236.

Rienecker, W. C. 1976. Distribution, harvest and sur-
vival of American wigeon banded in California. Calif.
Fish Game 62:141-153.

Robson, D. S. 1968. The effect of ties on critical values
of some two-sample rank tests. Biometrics Unit,
Cornell University, Ithaca, N.Y. BU-258-M. 4 pp.

Robson, D. S., and W. D. Youngs. 1971. Statistical
analysis of reported tag-recaptures in the harvest from
an exploited population. Biometrics Unit, Cornell
University, Ithaca, N.Y. BU-369-M. 15 pp.

Rogers, J. P., J. D. Nichols, F. W. Martin, C. F. Kimball,
and R. S. Pospahala. 1979. An examination of har-
vest and survival rates of ducks in relation to hunt-
ing. Trans. N. Am. Wildl. Nat. Resour. Conf.
44:114-126.



Ryder, R. A. 1970. Waterfowl-water temperature rela-
tions in winter. Colorado State University, Environ.
Resour. Cent. Compl. Rep. Ser. 21. 60 pp.

Sargeant, A. B. 1972. Red fox spatial characteristics in
relation to waterfowl predation. J. Wildl. Manage.
36:225-236.

Saunders, G. B., and D.C. Saunders. 1981. Waterfowl
and their wintering grounds in Mexico, 1937-64. U.S.
Fish Wildl. Serv., Resour. Publ. 138. 151 pp.

Sayler, R. D., and A. D. Afton. 1981. Ecological aspects
of common goldeneyes Bucephala clangula wintering
on the Upper Mississippi River. Ornis. Scand.
12:99-108.

Seber, G. A. F. 1970. Estimating time-specific survival
and reporting rates for adult birds from band returns.
Biometrika 57:313-318.

Seber, G. A. F. 1972. Estimating survival rates from
bird-band returns. J. Wildl. Manage. 36:405-413.
Seber, G. A. F. 1973. The estimation of animal abun-
dance and related parameters. Griffen, London.

506 pp.

Siegler, H. R. 1945. Waterfowl and their management
in inland Texas. Trans. N. Am. Wildl. Conf.
10:274-280.

Sincock, J. L. 1965. Estimating consumption of food
by wintering waterfowl populations. Proc. Annu.
Conf. Southeast. Assoc. Game Fish Comm.
16:217-221.

Singleton, J. R. 1953. Texas coastal waterfowl survey.
Tex. Game Fish Comm., FA Rep. Ser. 11. 128 pp.
Slimak, M. W. 1975. Waterfowl (Anatidae) utilization
of impoundments in a north-central Oklahoma water-
shed. M.S. Thesis, Oklahoma State University, Still-

water. 189 pp.

Snedecor, G. W., and W. G. Cochran. 1967. Statistical
methods. Iowa State University Press, Ames. 593 pp.

Sokal, R. R., and F. J. Rohlf. 1969. Biometry. W. H.
Freeman and Company, San Francisco. 776 pp.

Soutiere, E. C., H. S. Myrick, and E. G. Bolen. 1972.
Chronology and behavior of American widgeon winter-
ing in Texas. J. Wildl. Manage. 36:752-758.

Speake, D. W, 1955. Seasonal abundance of waterfowl
on sample areas in Lee County, Alabama. M.S. Thesis,
Alabama Polytechnic Institute, Auburn. 110 pp.

Speake, D. W. 1956. Waterfowl use of creeks, beaver
swamps, and small impoundments in Lee County,
Alabama. Proc. Annu. Meet. Southeast. Assoc. Game
Fish Comm. 9:178-185.

St. Amant, L. S. 1959. Louisiana wildlife inventory and
management plan. Louisiana Wild Life Fisheries
Commission, New Orleans. 329 pp.

Steenis, J. H. 1950. Waterfowl habitat management in
the Tennessee Valley. U.S. Fish Wildl. Serv., Spec. Sci.
Rep.—Wildl. 7. 14 pp.

83

Stewart, R. E. 1962. Waterfowl populations in the upper
Chesapeake region. U.S. Fish Wildl. Serv., Spec. Sci.
Rep.—Wildl. 65. 208 pp.

Sugden, L. G., W. J. Thurlow, R. D. Harris, and K.
Vermeer. 1974. Investigations of mallards overwinter-
ing at Calgary, Alberta. Can. Field-Nat. 88:303-311.

Taylor, T. S. 1977. Avian use of moist soil impound-
ments in southeastern Missouri. M.S. Thesis, Univer-
sity of Missouri, Columbia. 98 pp.

" Uhler, F. M. 1956. New habitats for waterfowl. Trans.

N. Am. Wildl. Conf. 21:453-469.

U.S. Department of the Interior. 1950. Waterfowl con-
servation in the lower San Joaquin Valley.
Washington, D.C. 123 pp.

U.S. Fish and Wildlife Service. 1976. North American
bird banding manual. Vol. 1. U.S. Department of the
Interior, Washington, D.C.

Vermeer, K., and C. D. Levings. 1977. Populations,
biomass and food habits of ducks on the Fraser Delta
intertidal area, British Columbia. Wildfowl 28:49-60.

Voelzer, J. F., E. Q. Lauxen, S. L. Rhoades, and K. D.
Norman. 1982. Waterfowl status report 1979. U.S.
Fish Wildl. Serv., Spec. Sci. Rep.—Wildl. 246. 96 pp.

Von Haartman, L. 1968. The evolution of resident ver-
sus migratory habit in birds: some considerations.
Ornis Fenn. 45:1-7.

Wagar, J. V. K. 1946. Colorado’s duck-damage, grain-
crop problem. Trans. N. Am. Wildl. Conf. 11:156-162.

Weaver, H. R., B. C. Turner, S. P. Pryor, and J. R. Allen.
1979. Recovery distribution from summer duck band-
ing in Alberta. Alberta Waterfowl Tech. Comm., Spec.
Rep. 2. 127 pp.

Weller, M. W. 1965. Chronology of pair formation in
some Nearctic Aythya (Anatidae). Auk. 82:227-235.

Wheeler, S., and G. S. Watson. 1964. A distribution-free
two-sample test on a circle. Biometrika 51:256-257.

Wills, D. 1971. Chufa tuber production and its relation-
ship to waterfowl management on Catahoula Lake,
Louisiana. Proc. Annu. Conf. Southeast. Assoc. Game
Fish Comm. 24:146-153.

Winner, R. W. 1960. Fall and winter movements of black
and mallard ducks. J. Wildl. Manage. 24:332-335.
Yancey, R. K. 1976. Changes in winter distribution pat-
terns of waterfowl. Proc. Int. Waterfowl Symp.

2:23-29.

Yancey, R., M. Smith, H. Miller, and L. Jahn. 1958.
Waterfowl distribution and migration report. Proc.
Annu. Conf. Southeast. Assoc. Game Fish Comm.
11:105-114.

Yocum, C. F. 1949. A study of sex ratios of mallards
in the State of Washington. Condor 51:222-227.

Yocum, C. F. 1951. Waterfowl and their food plants in
Washington. University of Washington Press, Seattle.
272 pp.






Appendix A

85

Band Recovery Distributions of
Winter-banded Mallards

Figs. A-1 through A-15 and Table A-1 include data on the recovery distribu-
tions of mallards banded during winter in major and minor reference areas,
respectively, 1950-1977. This Appendix includes data from normal, wild mallards
banded during January-February and shot or found dead during any subse-
quent hunting season (e, HSS—1, HSS—2,. . ., HSS—N recoveries), 1950-1978.
In Figs. A-1 through A-15, bandings are summarized by major reference area
and recoveries are shown by degree block of recovery. The reference area of band-
ing is outlined in black. All sex and age classes are combined in Figs. A-1 through
A-15. In Table A-1, bandings are summarized by minor reference area of banding
and recoveries by State or Province and Flyway of recovery. Recovery data in
Table A-1 are summarized by age and sex class.
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Fig. A-1. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Northwestern Pacific
Flyway and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-2. Distribution of recoveries from mallards banded during winter, 1950-1977, in Central California and

recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-3. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Northeastern Pacific
Flyway and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A4. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Southern Pacific Flyway
and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-5. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Northern High Plains
and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-7. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Southern High Plains
and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-8. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Northern Low Plains

and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-9. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Southern Low Plains

and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Fig. A-10. Distribution of recoveries from mallards banded during winter, 1950-1977, in the Northwestern
Mississippi Flyway and recovered in subsequent hunting seasons. All age and sex classes are combined.
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Flyway and recovered in subsequent hunting seasons. All age and sex classes are combined.
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS.
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--~CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1877,

IN MINOR REFERENCE AREAS--CONTINUED.

SUBADULTS
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.
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TABLE A-1, DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
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TABLE A-1, DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
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N MINOR REFERENCE AREAS--CONTINUED.

BANDED IN: NE COLORADQ
RECOVERE!

SUBADULTS

D IN:
WESTERN WYOMING
CALIFORNIA
NEVADA

UTAH
WESTERN COLORADO
ARIZONA

PACIFIC FLYWAY

ALASKA
BRITISH COLUMBIA
DISTRICT OF MACKENZIE
ALBERTA
SASKATCHEWAN
MANITOBA
ONTARIO
QUEBEC
ALASKA AND CANADA

MEXICO
MEXICO

TOTAL (PERCENT)
TOTAL RECOVERIES

BANDED IN: SE COLORADO
RECOVERED IN:

GEORGIA
ATLANTIC FLYWAY

MINNESOTA
IOWA

ILLINOIS
MISSOURI
KENTUCKY
ARKANSAS
LOUISIANA
MISSISSIPPI
ALABAMA

MISSISSIPPI FLYWAY

EASTERN MONTANA
NORTH DAKOTA
SOUTH DAKOTA
EASTERN WYOMING
NEBRASKA
EASTERN COLORADO
KANSAS
EASTERN NEW MEXICO
OKLAHOMA
TEXAS

CENTRAL FLYWAY

WASHINGTON
OREGON

IDAHO

WESTERN MONTANA

WESTERN WYOMING

CALIFORNIA

NEVADA

UTAH

WESTERN COLORADO
PACIFIC FLYWAY

BRITISH COLUMBIA
ALBERTA
SASKATCHEWAN
MANITOBA

ALASKA AND CANADA

TOTAL (PERCENT)
TOTAL RECOVERIES

BANDED IN: S CENTRAL COLORADO
RECOVERED IN:

MINNESOTA

IOWA

OHIO

MISSOURI
ARKANSAS
TENNESSEE
LOUISIANA

MISSISSIPPI FLYWAY

oo
o0 ® or®@s N

-
o

100.0
2242

=N

WNwo OWNNOOINWOCOO OWWNO

W -
WOHWWRH &

o

HEHEE o0

@ N

o- o i 4
wo MW ow woNw

100
3

100.0
787

o0

N & WNHHOOO O o

w N
“uhw S2FONNON

N
oOo~NN

oo

N
@ N

[
=
oo

100.0
116

100.0
1533

-
~ wWNW w

>
WRNHFNOO R >
HNNONNWONOO

~

[
NWw~ LWWwowww

w

100.0
537

1.5

1.5

3
HoOooWLLoWw wn w o

NNWRBROSs H = W

o0

1.5

18.2
10.6

30.3
100.0
66

cCOoOFErNONE

@
wow -

16.9

100.0
2458

w
FPRWUNNWR W

ounNn
©ON> HONSFOLONNOW W NS NN NN

~

10.
23,

7
4
5
.2
11,7
2
9
0
100.0
1

100.0
612

N= N
NOLNDLLL

[

=] N
NO = wruNnbDLND ®
(F N w COOVMOWNNNEN

e

17

oo NoowowoNho OrRr&2O0ON-

=
[ -X=]
-Oo
-
oo

e
FRNNRRPOWWON R

>

W
- WONNN W
-B)OD-'bU! SPOOOOWONONW

o

e

-
&

NN

N
No OWN OO N

=
=o,
»~ 0
we

ONNNNE -

(=

109

TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1877,
I
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,

IN MINOR REFERENCE AREAS--CONTINUED.
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1877,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
--------------------------------------------- TOTAL
MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: E NEW MEXICO
REC D IN:

MINNESOTA .8

WISCONSIN .2
MICHIGAN 1.2

IOWA
MISSOURI

@ ™ @
@

ARKANSAS

TENNESSEE

LOUISIANA
MISSISSIPPI FLYWAY

EASTERN MONTANA
NORTH DAKOTA
SOUTH DAKOTA
EASTERN WYOMING
NEBRASKA
EASTERN COLORADO
KANSAS
EASTERN NEW MEXICO
OKLAHOMA
TEXAS

CENTRAL FLYWAY
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE

TOTAL
MALES FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: W O OMA-W TEXAS
RECOVERED

ALBERTA 17.3 5.8 2.9 22.2 10.1 17.9 11.7

SASKATCHEWAN 5.8 16.7 3.7 13L3 10.6 12.5 10.0

MANITOBA .8 .
ALASKA AND CANADA 23.1 22.2 8.6 33.3 20.7 32.1 22.0
TOTAL (PERCENT) 100.0 100.0 100.0
TOTAL RECOVERIES 52 18 s

BANDED IN: E_SOUTH DAKOTA
RECOVERED IN:

MINNESOTA
WISCONSIN
MICHIGAN
IOWA 25.0
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INDIANA
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ALABAMA

100.0 100.0 100.0 100.0
9 198 56 369

[

RPoORWo
s

N

NN

3

N O NN

=] ~ > N =
PROFOODWUUBLIPWEREWLN

-
NN

MISSISSIPPI FLYWAY 25.0

EASTERN MONTANA
NORTH DAKOTA
SOUTH DAKOTA 75.0
NEBRASKA
EASTERN COLORADO
KANSAS
OKLAHOMA
TEXAS
CENTRAL FLYWAY 75.0

]
=
w
N

[X]
>

BN e
(S >
-
[l od
WP W PO

WwWwFEN W~

0w ko

[ N

1°d
S
w

WASHINGTON
OREGON
IDAHO
WESTERN MONTANA
CALIFORNIA
PACIFIC FLYWAY

DISTRICT OF MACKENZIE
ALBERTA
SASKATCHEWAN
MANITOBA
ONTARIO

ALASKA AND CANADA

[
[
[

-

N W~

oy
wR o

LR LNN
-
B weo
VNWEsSN WD >

N
[

P
(=20 ]
o P
o N

TOTAL (PERCENT) 100.0
TOTAL RECOVERIES 4

100.0

-
w
-
w
3
=
o
-
o
1=}
o

1733

BANDED IN: E NEBRASKA

RECOVERED IN:
MINNESOTA
MICHIGAN
IOWA
ILLINOIS
INDIANA
KENTUCKY
ARKANSAS
LOUISIANA
ALABAMA
WISCONSIN
MISSOURI
TENNESSEE
MISSISSIPPI

MISSISSIPPI FLYWAY

EASTERN MONTANA
NORTH DAKOTA
SOUTH DAKOTA
NEBRASKA
EASTERN COLORADO
KANSAS

-
~N
[

N
PN O
NN
oW W
e
PN
oN N
R
=

16.7

w o RV | w
=
N

Nb;

=

N o
POORSsORORFWL NULUOAINRRSOHUL®OOKEWL

E ]

w oo

[

w oo
@ L N no~NNoLm OWOsrOUOWoFWL

w
@ WNN NOUROR NWEWE ww
-
o
w

N
[Ty

-

w

w

N

[T
[y

N
w
@

O
CorowoNnSTO

w

w

[
O©ruw w =~

w
@ WL >

EASTERN NEW MEXICO
OKLAHOMA

WD N WD On
P00 CPrOLN®D ON®W
-
ONNEREWNOUN & DO WNPFRPOUVELENDO &

OFWE SR Www
(eI o F wWe >
@ = = w wo N

[ o

TEXAS
CENTRAL FLYWAY

o0
o
wn
w

WASHINGTON




113

TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1850-1877,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
--------------------------------------------- TOTAL
MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS
BANDED_IN; BRASKA
REC N:
OREGON A1 .5 1
IDAHO .9 L] .2
WESTERN MONTANA 1 .9 ¢l
CALIFORNIA .3 1
UTAH A 5 .1
PACIFIC FLYWAY 1.0 2.8 3 i T
BRITISH COLUMBIA .5 .5 A oA
DISTRICT OF MACKENZIE .1 .4 A
ALBERTA 5.1 6.0 7.4 5.0 2.0 5.0
SASKATCHEWAN 10.3 9.3 8.9 12155 10.7 12.9 10.6
MANITOBA 1.0 3.7 1.0 4.2 2.5 3.5 2.2
ALASKA AND CANADA 16.4 19.5 17.7 16.7 18.3 19.2 18.0
TOTAL (PERCENT) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
TOTAL RECOVERIES 669 215 203 24 1150 255 2516
BANDED IN: E KANSAS
COVERED IN:
DELAWARE .3 .0
SOUTH CAROLINA .0 .0
ATLANTIC FLYWAY .0 <8 .1
MINNESOTA 1.6 2.9 1.7
WISCONSIN A .8 §2
MICHIGAN .3 .0
IOWA 1.6 2.3 1.6
ILLINOIS 14 2.6 1.3
INDIANA .0 .0
MISSOURT 4.6 4.9 4.5
KENTUCKY 1 .1
ARKANSAS 5.7 5.0 7.4 5.5 7.1
TENNESSEE <5 .4
LOUISIANA 5.7 2.8 3.4 2.9
MISSISSIPPI 33.3 1.1 .5 1.0
MISSISSIPPI FLYWAY 11.4 5.0 33.3 21.0 23,2 21.0
EASTERN MONTANA .3 A
NORTH DAKOTA 2.9 4.6 8.9 5.1
SOUTH DAKOTA 11.4 10.0 33.3 4.5 4.9 4.7
EASTERN WYOMING .2 .2
NEBRASKA iy 151 10.0 20.0 9.8 8.9 9.8
EASTERN COLORADO 2.9 7 5 7
KANSAS 22.9 50.0 60.0 277 24.5 27.4
EASTERN NEW MEXICO .0 .0
OKLAHOMA 2.9 33.3 8.7 7.8 8.5
TEXAS 2.9 15.0 6.8 6.5 6.7
CENTRAL FLYWAY 62.9 85.0 80.0 66.7 63.4 62.0 63.4
WASHINGTON i1 o1
OREGON i1 23 1
IDAHO 2.9 4 Vi
WESTERN MONTANA 2 :5 2
WESTERN WYOMING 1 +1
CALIFORNIA 0 .0
NEVADA 0 .0
UTAH 1 A
PACIFIC FLYWAY 2.9 7 8 7
.0 .0
BRITISH COLUMBIA .0 .3 i1
DISTRICT OF MACKENZIE .0 .0
ALBERTA 8.6 20.0 4.5 4.7 4.6
SASKATCHEWAN 11.4 10.0 8.7 7.8 8.6
MANITOBA 2.9 1.4 1.0 1.3
ONTARIO il .1
ALASKA AND CANADA 22.9 10.0 20.0 14.9 13.8 14.8
TOTAL (PERCENT) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
TOTAL RECOVERIES 35 20 5 3 2316 384 276
BANDED IN: E OKLAHOMA
RECOVERED IN:
GEORGIA 0 .0
FLORIDA i3 0
ATLANTIC FLYWAY .0 2 i
ALABAMA 4 .0
MINNESOTA 1.3 3.6 7 2.2 1.0
WISCONSIN 1.2 o -2 1
MICHIGAN .0 .0
IOWA 2.4 1.3 5.3 1.9 2.3 1.9
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

BANDED IN: E OKLAHOMA

RECOVERED IN:
ILLINOIS
INDIANA
OHIO
MISSOURI
KENTUCKY
ARKANSAS
TENNESSEE
LOUISIANA
MISSISSIPPI

MISSISSIPPI FLYWAY

EASTERN MONTANA
NORTH DAKOTA
SOUTH DAKOTA
EASTERN WYOMING
NEBRASKA
EASTERN COLORADO
KANSAS
EASTERN NEW MEXICO
OKLAHOMA
TEXAS

CENTRAL FLYWAY

WASHINGTON
OREGON
IDAHO
WESTERN MONTANA
WESTERN WYOMING
CALIFORNIA
UTAH
WESTERN COLORADO
ARIZONA

PACIFIC FLYWAY

ALASKA
BRITISH COLUMBIA
DISTRICT OF MACKENZIE
ALBERTA
SASKATCHEWAN
MANITOBA
ONTARIO

ALASKA AND CANADA

TOTAL (PERCENT)
TOTAL RECOVERIES

BANDED IN: E TEXAS

RECOVERED IN:
MINNESOTA
WISCONSIN
IOWA
ILLINOIS
MISSOURI

ARKANSAS
TENNESSEE
LOUISIANA
MISSISSIPPI
MISSISSIPPI FLYWAY
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NORTH DAKOTA
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EASTERN WYOMING
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CENTRAL FLYWAY
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SASKATCHEWAN
MANITOBA

ALASKA AND CANADA
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: E TEXAS
RECOVERED IN:

TOTAL (PERCENT) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
TOTAL RECOVERIES 57 16 56 12 378 122 641

BANDED IN: S MINNESOTA-N IOWA

RECOVERED IN:
IOWA
ILLINOIS
INDIANA
ARKANSAS
MINNESOTA
WISCONSIN
MICHIGAN
MISSOURI
KENTUCKY
TENNESSEE
LOUISIANA
MISSISSIPPI

MISSISSIPPI FLYWAY
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1877,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
--------- mmmme TOTAL
MALES  FEMALES MALES  FEMALES MALES ~ FEMALES BIRDS

BANDED IN: S IOWA-W MISSOURI
RECOVERED IN:

SASKATCHEWAN 8.
MANITOBA 3
ONTARIO
QUEBEC

ALASKA AND CANADA 17.0 23.7 16.9 1

TOTAL (PERCENT) 100.0 100.0 100.0 100. 100.0 100.0 100,
TOTAL RECOVERIES 710 215 391 Z 948 234 257
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED. .

ADULTS SUBADULTS UNKNOWN AGE

MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: E ARKANSAS-W TENNESSEE-NW MISSISSIPPI
RE s

TEXAS 4 o . *
CENTRAL FLYWAY 15.6 14.2 12.8 16.2 16.
WASHINGTON

15.3 15.

IDAHO
WESTERN MONTANA
PACIFIC FLYWAY N
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ALASKA AND CANADA 16.8 21.
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1850-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS

SUBADULTS

MALES

FEMALES

MALES

FEMALES

TOTAL
BIRDS

BANDED IN: W LOUISIANA

BANDED IN: E LOUISIANA-SW MISSISSIPPI
RECOVERED IN:

RECOVERED IN:
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ATLANTIC FLYWAY
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE

BANDED IN: E LOUISIANA-SW MISSISSIPPI
RECOVERED IN:
SASKATCHEWAN 10.0 25.0 10.8 8.9
MANITOBA 2.8 71 3.6
ALASKA AND CANADA 10.0 25.0 17.5 22.3

TOTAL (PERCENT) 100.0 100.0 100.0 100.0 100.0
TOTAL RECOVERIES 10 4
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS

FEMALES MALES  FEMALES

BANDED IN: N ILLINOIS-N INDIANA-SW MICHIGAN

RECOVERED IN:
KENTUCKY
ARKANSAS
TENNESSEE
LOUISIANA
MISSISSIPPI

ALABAMA
MISSISSIPPI FLYWAY

NORTH DAKOTA
SOUTH DAKOTA
NEBRASKA
KANSAS

TEXAS
CENTRAL FLYWAY

IDAHO
PACIFIC FLYWAY

DISTRICT OF MACKENZIE
ALBERTA
SASKATCHEWAN
MANITOBA
ONTARIO
QUEBEC

ALASKA AND CANADA

MEXICO
MEXICO

TOTAL (PERCENT)
TOTAL RECOVERIES

BANDED IN: SE %T LAKES REGION
RECOVERED IN:
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
-------------------- TOTAL
MALES  FEMALES MALES  FEMALES MALES ~ FEMALES BIRDS

BANDED INE SE_MISSOURI-S ILLINOIS-SW INDIANA-W KENTUCKY
0 D IN:

NEW YORK «1 1.0
PENNSYLVANIA .2 3 .0
WEST VIRGINIA .5
NEW JERSEY
DELAWARE
MARYLAND
VIRGINIA
NORTH CAROLINA
SOUTH CAROLINA
GEORGIA
FLORIDA
ATLANTIC FLYWAY
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXFRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
--------------- - —-ommee TOTAL

MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: SE INDIANA-S OHIO-E KENTUCKY
RECOVERED IN:

N
=

MICHIGAN
IOWA
ILLINOIS 50.0
INDIANA
KENTUCKY
ARKANSAS 50.0 100.0
LOUISIANA
ALABAMA
MINNESOTA
WISCONSIN
OHIO
MISSOURI
TENNESSEE
MISSISSIPPI
MISSISSIPPI FLYWAY 100.0 100.0
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BANDED IN: NORTH-ATLANTIC STATES
RECOVERED 1IN:
MAINE
VERMONT
NEW BAMPSHIRE
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CONNECTICUT
RHODE ISLAND
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE
e oo oo TOTAL
MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: CENTRAL APPALACHIAN REGION

RECOVERED IN:
PENNSYLVANIA
WEST VIRGINIA
MARYLAND 20.0
VIRGINIA
NORTH CAROLINA
SOUTH CAROLINA

ATLANTIC FLYWAY 20.0
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1850-1977,
IN MINOR REFERENCE AREAS--CONTINUED.

ADULTS SUBADULTS UNKNOWN AGE

MALES  FEMALES MALES  FEMALES MALES  FEMALES BIRDS

BANDED IN: MID-ATLANTIC STATES
RECOVERED IN:

MANITOBA 2
ONTARIO 9

QUEBEC 7

NEW BRUNSWICK .0
.0

1

0

Wk
(5.0
-
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NSN
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PRINCE EDWARD ISLAND

NOVA SCOTIA

NEWFOUNDLAND .
ALASKA AND CANADA 10.5 19.5 12.5 13.8 15.2 22.5 17.4
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TOTAL (PERCENT) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
TOTAL RECOVERIES 86 82 32 29 3258 1504 4991

BANDED IN: NORTH CAROLINA

RECOVERED IN:
MAINE
VERMONT
MASSACHUSETTS 16.7
CONNECTICUT
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TABLE A-1. DISTRIBUTION OF HUNTING SEASON BAND RECOVERIES (EXPRESSED AS PERCENT) FROM MALLARDS BANDED DURING WINTER, 1950-1977,
IN MINOR REFERENCE AREAS--CONTINUED.
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Appendix B.

Survival and Recovery Rate Estimates
from Winter Banding Data

Annual estimates of survival rate, recovery rate, and their standard errors are presented
by minor reference area in this Appendix. Additionally, arithmetic means and their stand-
ard errors, as well as estimates of mean life span (MLS) and its standard error, are presented.
In all data sets but one, the estimates are based on Model 1 of Brownie et al. (1978). The
only exception occurred with male mallards banded in reference area 253 during 1949-51,
for which Model 1 was conclusively rejected in favor of Model 0. Model goodness-of-fit
statistics and associated probability levels are presented for each data set for which they
could be computed. Total bandings and recoveries are also presented for each data set.

Table B-1. Estimates of survival and recovery
rates for male mallards banded during winter in
S British Columbia-W Washington (201).

Table B-3. Estimates of survival and recovery
rates for male mallards banded during winterin
E Washington-NE Oregon (202).

Year (i) S, SES) f SE(f) Year (i) S, SE(S) I/ SE(f)

1970 0.702 0.243 0.107 0.018 1948 0.523 0.206 0.068 0.033

1971 0.663 0.259 0.037 0.015 1949 0.644 0.073 0.083 0.010

Means? 0.682b 0.098 0.072 0.012 1950 0.485 0.041 0.074 0.006

a 1951 0.589 0.046 0.086 0.006

Ef?,id gy ";“L‘gﬁi MR DI . e 0.825 0104 0049  0.004

bMTI.S = 2.6, SE(MLS) = 1.0. 1953 0.509 0.081 0.086 0.010

1954 0.603 0.086 0.057 0.007

1955 0.510 0.067 0.088 0.009

1956 0.701 0.078 0.051 0.006

Table B-2. Estimates of survival and recovery Means® 0.599° 0.025 0.071 0.004
rates for female mallards banded during winter

in S British Columbia-W Washington (201). 1958 0.591 0.133 0.050 0.015

1959 0.726 0.074 0.042 0.006

1961 0.582 0.057 0.050 0.005

1933 0.643 0.239 0.093 0.028 1962 0.678 0.056 0.060 0.004

1934 0.580 0.227 0.073 0.014 963 0.657 0.061 0.057 0.005

1935 0.627 0.330 0.026 0.010 1964 0.441 0.056 0.084 0.006

Means? 0.616b 0.121 0.064 0.011 1965 0.703 0.086 0.071 0.009

1966 0.600 0.052 0.080 0.006

1960 0.506 0.199 0.037 0.015 q967 0.586 0.051 0.060 0.005

1961 . 0.495d 0.195 0.066 0.018 1968 0.512 0.062 0.084 0.006

Means 0501 0.115 0.052 0012 1969 0.646 0.083 0.074 0.009

8Based on 717 bandings and 73 recoveries. Model 1 goodness- 1970 0.755 0.080 0.096 0.009

K;If,lé x2 2_15§E(2N'111’:S})) = (?807 1971 0.677 0.071 0.054 0.005

& == 1972 0.576 0.068 0.088 0.008

?g:eg vy o el 0520  0.067  0.093  0.009

dMT'S = 1.4, SE(MLS) = 0.5. 1974 0.719 0.088 0.068 0.007

1975 0.649 0.076 0.054 0.005

1976 0.711 0.104 0.050 0.004

Means® 0.6334d 0.010 0.066 0.002

2Based on 9, 453 bandings and 1,708 recoveries. Model 1 good-
ness-offlt xZ = 70.1, 60 df, P = 0.18.
bMLS = 2.0, SEMLS) = 0.2.

“Based on 23,013 bandings and 3,498 recoveries. Model 1 good-
ness -of-fit X2 = 141.6, 107 df, P = 0.01.
d MLS = 2.2, SEMLS) = 0.1.



Table B-4. Estimates of survival and recovery
rates for female mallards banded during winter
in E Washington-NE Oregon (202).
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Table B-5. Estimates of survival and recovery
rates for male mallards banded during winterin
W Oregon-NW California (203).

Year (i) S, SES) f SE(f) Year (i) 8, SES) f, SE(f)
1949 0.646 0.130 0.056 0.011 1951 0.365 0.113 0.137 0.028
1950 0.475 0.066 0.045 0.006 1952 0.746 0.162 0.050 0.020
1951 0.496 0.070 0.068 0.007 1953 0.607 0.071 0.114 0.013
1952 0.512 0.102 0.039 0.005 1954 0.534 0.055 0.140 0.012
1953 0.582 0.150 0.072 0.013 1955 0.556 0.075 0.098 0.007
1954 0.550 0.157 0.057 0.011 1956 0.575 0.083 0.101 0.014
1955 0.529 0.163 0.050 0.011 1957 0.736 0.085 0.113 0.011
1956 0.404 0.105 0.028 0.007 1958 0.632 0.077 0.078 0.008
Means® 0524>  0.023 0.052 0.003 1959 0.469 0.062 0.065 0.008
1960 0.853 0.117 0.106 0.013
1958 0.801 0.306 0.038 0.015 1961 0.597 0.075 0.084 0.009
1959 0.593 0.132 0.016 0.005 1962 0.595 0.069 0.067 0.007
1960 0.519 0.113 0.027 0.005 1963 0.598 0.073 0.094 0.009
1961 0.528 0.109 0.038 0.008 1964 0.428 0.055 0.100 0.010
1962 0.678 0.111 0.038 0.005 1965 0.699 0.091 0.098 0.011
1963 0.600 0.109 0.035 0.006 1966 0.592 0.098 0.082 0.009
1964 0.408 0.096 0.045 0.006 1967 0.772 0.163 0.071 0.011
1965 0.658 0.147 0.038 0.009 1968 0.639 0.325 0.069 0.012
1966 0.670 0.088 0.052 0.006 1969 0.385 0.202 0.048 0.024
1967 0.665 0.093 0.028 0.003 Means® 0599  0.013 0.090 0.003
1968 0452 0.085 0040 0.005 apyqeq on 9,369 bandings and 2,053 recoveries. Model 1 good-
1969 0.589 0.109 0.038 0.007  pegs-of-fit x2 = 103.7, 89 df, P = 0.14.
1970 0.871 0.159 0.055 0.007 bMLS = 2.0, SE(MLS) = 0.1.
1971 0.557 0.123 0.040 0.007
1972 0.564 0.149 0.053 0.009
1973 0.494 0.164 0.040 0.009
1974 0.743 0.240 0.033 0.009
1975 0.435 0.104 0.022 0.004
1976 0.929 0.237 0.028 0.005
Means® 0.619¢  0.022 0.037 0.002

3Based on 5,317 bandings and 576 recoveries. Model 1 good-
ness-of-fit x> = 39.2, 28 df, P = 0.08.

bMLS = 1.6, SE(MLS) = 0.1.

‘Based on 13,905 bandings and 1,149 recoveries. Model 1 good-
ness-of-fit x> = 102.8, 72 df; P = 0.01.

dMIS = 2.2, SEMLS) = 0.2.
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Table B-6. Estimates of survival and recovery
rates for female mallards banded during winter
in W Oregon-NW California (203).

Table B-7. Estimates of survival and recovery
rates for male mallards banded during winterin
SE Oregon-NE California-NW Nevada (204).

Year (i) S, SE(S) f. SE(f) Year (i) S, SES) fi SE(f)
1951 0.344 0.187 0.107 0.024 1949 0.403 0.226 0.135 0.056
1952 0.462 0.177 0.097 0.032 1950 0.763 0.167 0.063 0.012
1953 0.428 0.098 0.101 0.018 1951 0.608 0.308 0.072 0.016
1954 0.502 0.077 0.086 0.011 Means? 0.591b 0.124 0.090 0.020
1955 0.437 0.080 0.073 0.008

1956 0.514 0.109 0.090 0.016 1957 0.508 0.105 0.103 0.016
1957 0.888 0.174 0.078 0.012 1958 0.614 0.124 0.091 0.018
1958 0.426 0.087 0.054 0.009 1959 0.756 0.150 0.106 0.015
1959 0.482 0.110 0.055 0.009 1960 0.693 0.161 0.038 0.008
1960 0.467 0.108 0.054 0.011 1961 0.663 0.144 0.063 0.013
1961 0.718 0.143 0.066 0.011 1962 0.592 0.087 0.035 0.006
1962 0.552 0.110 0.042 0.007 1963 0.921 0.141 0.050 0.007
1963 0.491 0.097 0.056 0.009 Means® 0.6784 0.026 0.069 0.005
1964 0.498 0.092 0.068 0.010

1965 0.652 0.129 0.064 0.009 1966 0.344 0.060 0.043 0.006
1966 0.501 0.125 0.047 0.008 1967 1.038 0.211 0.090 0.018
1967 0.861 0.288 0.050 0.011 1968 0.681 0.135 0.073 0.012
1968 0.222 0.137 0.035 0.010 Means® 0.688f 0.055 0.069 0.007
1969 1.008 0.694 0.060 0.034 3 : )

Means® 0550° 0036 0068 0004 meeartt 2o g e s s o veries: Model 1 good

8Based on 7,164 bandings and 952 recoveries. Model 1 good-
ness-of-fit x2 = 61.0, 58 df, P = 0.37.
bMLS = 1.7, SE(MLS) = 0.2.

~

bMLS = 1.9, SE(MLS) = 0.8.

®Based on 3,169, bandings and 505 recoveries. Model 1 good-
ness-of-fit x2 = 56.1, 46 df, P = 0.15.

dMIS = 2.6, SEMLS) = 0.3.

®Based on 1,624 bandings and 273 recoveries. Model 1 good-
ness-of-fit x> = 18.1, 17 df, P = 0.39.

IMLS = 2.7, SE(MLS) = 0.6.



Table B-8. Estimates of survival and recovery
rates for female mallards banded during winter
in SE Oregon-NE California-NW Nevada (204).
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Table B-9. Estimates of survival and recovery
rates for male mallards banded during winterin
Central California-W Nevada (211).

Year (i) S, SES) i SE(f) Year (i) S, SE(S) f SE(f)
1950 0.609 0.240 0.049 0.013 1949 0.467 0.126 0.065 0.015
1951 0.233 0.155 0.055 0.020 1950 0.642 0.202 0.057 0.015
Means? 0.421p 0.115 0.052 0.012 Means® 0.554P 0.099 0.061 0.011
1957 0.391 0.172 0.063 0.021 1953 0.595 0.115 0.090 0.016
1958 0.657 0.264 0.070 0.026 1954 0.657 0.081 0.052 0.006
1959 0.419 0.165 0.074 0.017 1955 0.628 0.091 0.046 0.006
1960 0.598 0.260 0.021 0.009 1956 0.739 0.105 0.044 0.007
1961 1111 0.523 0.056 0.021 1957 0.530 0.078 0.061 0.007
1962 0.419 0.165 0.014 0.005 1958 1.024 0.193 0.069 0.009
1963 0.487 0.193 0.029 0.009 1959 0.520 0.099 0.030 0.005
Means® 0.583d 0.064 0.047 0.007 1960 0.567 0.083 0.055 0.008
1961 0.582 0.075 0.061 0.006
1966 0.151 0.062 0.029 0.007 1962 0.656 0.085 0.043 0.006
1967 0.485 0.242 0.089 0.031 1963 0.606 0.085 0.066 0.007
1968 1.040 0.461 0.043 0.018 1964 0.480 0.071 0.064 0.008
Means® 0.559¢ 0.138 0.053 0.012 1965 0.808 0.125 0.054 0.007
o X . " 1966 0.569 0.086 0.066 0.010
ot gy g e el T 0.663 0092  0.084  0.009
bMIS = 1.2, SE(MLS) = 0.4. Means® 0.642d 0.013 0.059 0.002
°Based on 1,4247 bandings and 116 recoveries. Model 1 good-
Pt S i 1971 0593 0080 0121 0013
¢Based on 8’53 bandings and 59 recoveries. Model 1 good- 1972 0.291 0.129 0.106 0.011
ness-of-fit x2 = 6.6, 5 df, P = 0.25. 1973 0.885 0.394 0.100 0.045
fMLS = 1.7, SEMLS) = 0.7. 1974 0.515 0.080 0.087 0.011
1975 0.857 0.135 0.095 0.012
1976 0.559 0.133 0.080 0.008
Means® 0.617f 0.053 0.098 0.009

3Based on 520 bandings and 81 recoveries. Model 1 good-
ness-of-fit x2 = 5.6, 7 df, P = 0.59.

bMLS = 1.7, SE(MLS) = 0.5.

°Based on 9,593 bandings and 1,527 recoveries. Model 1 good-
ness-of-fit x2 = 94.9, 99 df, P = 0.60.

dMLS = 2.25, SE(MLS) = 0.1.

®Based on 3,766 bandings and 597 recoveries. Model 1 good-
ness-of-fit x2 = 11.1, 11 df, P = 0.43.

fMLS = 2.1, SEMLS) = 0.4.
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Table B-10. Estimates of survival and recovery
rates for female mallards banded during winter
in Central California-W Nevada (211).

Table B-11. Estimates of survival and recovery
rates for male mallards banded during winterin
W Idaho (221).

Year (i) S, SE(S) f SE(f) Year (i) S sES) 5 SE(f)
1949 0.572 0.256 0.014 0.008 1950 0.679 0.068 0.055 0.006
1950 0.473 0.236 0.021 0.009 1951 0.624 0.073 0.054 0.005
Means?® 0.522b 0.133 0.017 0.006 1952 0.992 0.213 0.053 0.006
1953 0.512 0.296 0.040 0.008
1953 0.638 0.181 0.050 0.015 Means? 0.702b 0.076 0.051 0.003
1954 0.630 0.142 0.048 0.008
1955 0.536 0.127 0.026 0.006 1958 0.810 0.125 0.048 0.009
1956 0.737 0.201 0.042 0.008 1959 1.144 0.209 0.043 0.007
1957 0.457 0.147 0.034 0.008 1960 0.418 0.077 0.024 0.005
1958 0.549 0.171 0.025 0.007 1961 0.766 0.152 0.041 0.006
1959 0.579 0.183 0.044 0.010 Means® 0.7844 0.052 0.039 0.003
1960 0.796 0.226 0.029 0.008
1961 0.352 0.085 0.024 0.005 1964 0.513 0.232 0.035 0.009
1962 0.439 0.104 0.044 0.008 1965 0.395 0.166 0.012 0.007
1963 0.949 0.272 0.038 0.008 1966 0.551 0.092 0.067 0.012
1964 0.436 0.141 0.033 0.009 1967 0.717 0.091 0.059 0.006
1965 0.402 0.113 0.025 0.007 1968 0.683 0.118 0.052 0.007
1966 0.625 0.162 0.051 0.012 1969 0.631 0.126 0.038 0.007
1967 0.785 0.213 0.053 0.010 1970 0.583 0.152 0.052 0.009
Means® 0.594¢ 0.025 0.038 0.002 1971 0.680 0.165 0.077 0.018
1972 0.757 0.114 0.053 0.007
1971 0.425 0.112 0.050 0.011 1973 0.614 0.111 0.052 0.007
1972 0.385 0.268 0.053 0.009 1974 0.579 0.124 0.063 0.009
1973 0.494 0.344 0.027 0.019 1975 0.453 0.112 0.047 0.008
1974 0.403 0.106 0.079 0.013 1976 0.736 0.230 0.043 0.009
1975 1.045 0.245 0.045 0.010 Means® 0.607* 0.021 0.050 0.003
1976 0.507 0.207 0.053 0.008 & :
M 0,543 0.050 0.051 0.005 lg:::d;fofx;tiéﬁi bzalngngls ;;;d 556 recoveries. Model 1 good

2Based on 454 bandings and 29 recoveries. Model 1 good-
ness-offltx =36, 3df, P = 0.31.

PMLS = 1.5, SEMLS) = 0.6.

“Based on 5, 948 bandings and 508 recoveries. Model 1 good-
ness-of-fit x> = 48.5, 49 df, P = 0.50.

dMLS = 1.9, SE(MLS) =02

®Based on 2,725 bandings and 234 recoveries. Model 1 good-
 Dess-of-fit X2 = 131.1, 5 df, P = 0.02.

IMLS = 1. 6, SEMLS) = 0.3.

= (.46.
bMTS = 2.8, SEMLS) = 0.9.

®Based on 2, 612 bandings and 335 recoveries. Model 1 good-
ness-of-fit x2 = 26.8, 18 df, P = 0.08.
dMLS = 4.1, SEMLS) = 1.1.

¢Based on 6, 433 bandings and 819 recoveries. Model 1 good-
ness-of-fit x¢ = 52.1, 46 df, P = 0.25.

TMLS = 2.0, SE(MLS) = 0.1.



Table B-12. Estimates of survival and recovery
rates for female mallards banded during winter
in W Idaho (221).
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Table B-14. Estimates of survival and recovery
rates for female mallards banded during winter
in W Montana (222).

Year (i) 3, SE®) f; SE(f) Year (i) 8, SE(S) f; SE(f)
1950 0.461 0.084 0.042 0.007 1949 0.721 0.137 0.039 0.007
1951 0.647 0.153 0.053 0.008 1950 0.444 0.098 0.043 0.008
1952 0.657 0.211 0.027 0.007 1951 0.567 0.321 0.034 0.008
Means® 0.588>  0.064 0.040 0.004 Means® 0577  0.109 0.039 0.004
1958 0.636 0.338 0.037 0.013 1964 1.021 0.326 0.039 0.011
1959 0.479 0.267 0.017 0.008 1965 0.432 0.122 0.019 0.006
1960 0.328 0.160 0.017 0.008 1966 0.627 0.183 0.038 0.006
Means® 04819  0.103 0.024 0.006 1967 0.474 0.145 0.026 0.008
1968 0.913 0.242 0.028 0.006
1966 0.439 0.154 0.052 0.014 1969 0.388 0.118 0.019 0.005
1967 1.089 0.263 0.028 0.006 Means® 0.642¢  0.055 0.028 0.003
1968 0.344 0.114 0.020 L R P TE ——— o Binl | vk
1969 0532 0189 0041 0012 pecooffiti? = 129, 8.df P = 02 8
1970 0.341 0.155 0.036 0.010 PMLS = 1.8, SE(MLS) = 0.6.
1971 0.681 0.311 0.059 0.025 “Based on 3,2229 bandings and 228 recoveries. Model 1 good-
1972 0.777 0.218 0.028 0.008  oeeeoffit x° = 14.8, 16 df P = 0.54.
1973 1023 0872 0031  ooog MLS =23 SEMLS) =04
1974 0.243 0.104 0.027 0.008
Lo%5 b .18 o 0.009  maple B-15. Estimates of survival and recovery
1976 1.028 0.701 0.026 0.008 fox fur mude slinints banided during valnger in
Means® 0631  0.072 0.035 0.003  Tatesjorm e Iy Tomvens b

2Based on 1,745 bandings and 188 recoveries. Model 1 good-
ness-of-fit x? = 12.5, 8 df, P = 0.13.

bMLS = 1.9, SEMLS) = 0.4.

“Baged on 809 bandings and 45 recoveries.

dMLS = 1.4, SE(MLS) = 0.4.

€Based on 3,686 bandings and 244 recoveries. Model 1 good-
ness-of-fit x2 = 18,9, 22 df, P = 0.65.

fMLS = 2.2, SEMLS) = 0.5.

Table B-13. Estimates of survival and recovery
rates for male mallards banded during winter in
W Montana (222).

Year (i) S, SES) f SE(f)
1964 0.548 0.075 0.025 0.005
1965 0.798 0.087 0.040 0.006
1966 0.816 0.082 0.054 0.004
1967 0.547 0.059 0.038 0.004
1968 0.855 0.100 0.045 0.004
1969 0.469 0.056 0.026 0.003
Means® 0.672>  0.017 0.038 0.002

2Based on 9,415 bandings and 1,215 recoveries. Model 1 good-
ness-of-fit x2 = 55.8, 41 df, P = 0.06.
bMLS = 2.5, SE(MLS) = 0.2.

E Idaho-SW Wyoming (223).

Year (i) S, SES) fi SE(f)
1963 0.848 0.181 0.059 0.013
1964 0.496 0.095 0.038 0.007
1965 1.090 0.207 0.038 0.008
1966 0.469 0.091 0.039 0.007
1967 0.719 0.147 0.041 0.007
1968 0.611 0.134 0.031 0.007
1969 0.822 0.144 0.024 0.006
1970 0.705 0.093 0.040 0.005
1971 0.564 0.081 0.041 0.005
1972 0.780 0.111 0.053 0.007
1973 0.465 0.091 0.059 0.006
1974 0.872 0.232 0.061 0.011
1975 0.931 0.255 0.039 0.008
1976 0.919 0.248 0.022 0.004
Means® 0.735>  0.023 0.042 0.002

2Based on 8,894 bandings and 899 recoveries. Model 1 good-
ness-of-fit x2 = 65.7, 65 df, P = 0.45.
bMLS = 3.3, SE(MLS) = 0.3.
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Table B-16. Estimates of survival and recovery
rates for female mallards banded during winter
in E Idaho-SW Wyoming (223).

Table B-19. Estimates of survival and recovery
rates for male mallards banded during winter in
E Utah-W Colorado (225).

Year (i) 8, SE(S) £ SE(f) Year (i) S, SES) L SE(f)
1963 0.431 0.213 0.057 0.017 1974 0.531 0.106 0.030 0.007

1964 0.694 0.327 0.029 0.009 1975 0.761 0.133 0.039 0.006
1965 0.333 0.149 0.017 0.008 1976 0.809 0.189 0.044 0.006
1966 0.773 0.251 0.041 0.009 Means? 0.700° 0.065 0.038 0.004

1967 0.339 0.109 0.017 0.005 8Based on 3,273 bandings and 239 recoveries. Model 1 good-

1968 0.955 0.339 0.017 0.006  pess-of-fit x2 = 6.1, 3 df, P = 0.11.

1969 0.538 0.206 0.022 0.007 PMLS = 2.8, SE(MLS) = 0.7.

1970 0.519 0.162 0.011 0.004

1971 0.601 0.225 0.039 0.009

1972 0.558 0.202 0.028 0.009 Table B-20. Estimates of survival and recovery
1973 0.400 0.182 0.036 0.007 rates for female mallards banded during winter
1974 0.185 0.100 0.043 0.018 in E Utah-W Colorado (225).

1975 3.670 1.828 0.036 0.012

1976 0330 0188  0.009 0.004  Year (3) S, SES) 7 SE()

D - L e = 1974 0.513 0.159 0.023 0.007

2Based on 5.%68 bandings and 255 recoveries. Model 1 good- 1975 0.616 0.155 0.020 0.004
ness-of-fit x* = 21.6, 23 df, P = 0.54. Means® 0.551> 0.073 0.023 0.003

bMLS = 3.3, SE(MLS) = 1.8.

Table B-17. Estimates of survival and recovery
rates for male mallards banded during winterin
NE Nevada-W Utah (224).

Year (i) S, SE(S) FPYf, SE(f)
1966 0.603 0.099 0.053 0.010
1967 0.550 0.076 0.061 0.008
1968 0.618 0.096 0.074 0.009
1969 0.745 0.243 0.066 0.010
Means® 0.629>  0.062 0.064 0.005

2Based on 2,361 bandings and 372 recoveries. Model 1 good-
ness-of-fit x2 = 19.6, 14 df, P = 0.14.
bMLS = 2.2, SEMLS) = 0.5.

Table B-18. Estimates of survival and recovery
rates for female mallards banded during winter
in NE Nevada-W Utah (224).

Year (i) S, SE(S) 5 SE(f)
1966 0.340 0.137 0.045 0.014
1967 0.475 0.115 0.038 0.009
1968 0.796 0.238 0.057 0.010
1969 0.451 0.276 0.022 0.007
Means® 0.516>  0.080 0.041 0.005

2Based on 1,359 bandings and 121 recoveries. Model 1 good-
ness-of-fit x? = 11.7, 8 df, P = 0.17.
bMLS = 1.5, SEMLS) = 0.4.

8Based on 2,853 bandings and 120 recoveries. Model 1 good-
negs-of-fit x* = 3.7, 3 df, P = 0.29.
bMLs = 1.7, SEMLS) = 0.4.

Table B-21. Estimates of survival and recovery
rates for male mallards banded during winterin
S Nevada-S California-W Arizona (231).

Year (i) 8, SES) f, SE()
1963 0.881 0.274 0.078 0.021
1964 0.490 0.153 0.054 0.017
1965 0.504 0.117 0.077 0.017
1966 0.697 0.154 0.066 0.013
1967 0.718 0.285 0.069 0.015
Means? 0.658> 0.069 0.069 0.007

8Based on 954 bandings and 172 recoveries. Model 1 good-
ness-of-fit x2 = 22.2, 14 df, P = 0.07.
bMLS = 2.4, SEMLS) = 0.6.



Table B-22. Estimates of survival and recovery
rates for female mallards banded during winter
in S Nevada-S California-W Arizona (231).
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Table B-24. Estimates of survival and recovery
rates for female mallards banded during winter
in E Montana (241).

Year (i) 8 SES) £ SE(f) Year () 8, SE(S) f; SE()
1963 1.111 0.502 0.062 0.024 1964 0.462 0.357 0.025 0.014
1964 0.670 0.301 0.023 0.012 1965 0.562 0.229 0.009 0.005
1965 0.320 0.120 0.044 0.014 1966 0.431 0.151 0.019 0.004
1966 0.541 0.177 0.068 0.016 Means? 0.485P 0.123b 0.018 0.005
1967 0.847 0.440 0.007 0.004 o, 4 on 1,598 bandings and 65 tes. Model 1 zood-
Means® 0698 0116 0041  0.007 n::s.ofofl:t = as 1 d P=00h &

8Based on 845 bandings and 90 recoveries. Model 1 good-
ness-offxtx = 15.8, 6 df, P = 0.01.
bMLS = 2.8, SE(MLS) = 1.3.

Table B-23. Estimates of survival and recovery
rates for male mallards banded during winter in
E Montana (241).

Year (i) 8, SE®S) f; SE(f)
1959 0.783 0.419 0.065 0.036
1960 1.512 0.924 0.049 0.027
1961 0.423 0.241 0.013 0.008
Means? 0.906P 0.238 0.042 0.015
1964 0.507 0.139 0.025 0.010
1965 0.738 0.083 0.017 0.004
1966 0.737 0.082 0.040 0.004
Means® 0.6604 0.051 0.027 0.004
1970 0.618 0.157 0.067 0.011
1971 0.583 0.148 0.053 0.013
1972 0.604 0.119 0.053 0.008
Means® 0.602f 0.051 0.058 0.006

9Based on 269 bandings and 28 recoveries. Model 1 good-
ness-offltx = 1.1, 2df, P = 0.57.

BMLS = 10.1, SEMLS) = 26.8.

¢Based on 4, 192 bandings and 518 recoveries. Model 1 good-
ness-of-fit x2 = 19.7, 14 df, P = 0.14.

dMLS = 2.4, SEMLS) = 0.5.

¢Based on 1, 815 bandings and 224 recoveries. Model 1 good-
ness-ofﬁtx = 7.4, 10 df, P = 0.69.

TMLS = 2.0, SEMLS) = 0.3.

bMIS = 1.4, SE(MLS) = 0.5.

Table B-25. Estimates of survival and recovery
rates for male mallards banded during winterin
W North Dakota-W South Dakota (242).

Year (i) S, SE(S) f; SE(f)
1940 1.004 0.615 0.065 0.022
1941 0.472 0.295 0.025 0.017
1942 0.488  0.177 0.054  0.017
Means® 0.655>  0.142 0.048 0.011
1965 0.614 0.208 0.026 0.011
1966 0.439 0.067 0.029  0.005
1967 0.759 0.178 0.025 0.004
1968 0.496 0.116 0.020  0.005
1969 0.760 0.100 0.057 0.007
1970 0.627 0.078 0.050 0.006
1971 0.745 0.085 0.047 0.005
1972 0.570 0.073 0.049 0.005
1978 0.642 0.088 0.042 0.005
1974 0.852 0.130 0.027 0.003
1975 0.635 0.115 0.038  0.005
1976 0.677 0.155 0.032 0.004
Means® 0.651¢  0.023 0.037 0.002

8Based on 487 bandings and 61 recoveries. Model 1 good-
ness—offitx = 9.4, 4df, P = 0.05.
bMLS = 2.4, SEMLS) = 1.2.

‘Based on 12, 390 bandings and 1,178 recoveries. Model 1 good-
ness-of fit x2 = 62.8, 49 df, P = 0.09.
dMLS = 2.3, SEMLS) = 0.2.
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Table B-26. Estimates of survival and recovery
rates for female mallards banded during winter
in W North Dakota-W South Dakota (242).

Table B-28. Estimates of survival and recovery
rates for male mallards banded during winter in
SE Wyoming-W Nebraska (251).

Year (i) 8, SES) f SE(f) Year () 8, SES) f SE(f)
1969 0.529 0.193 0.034 0.010 1964 0.233 0.117 0.043 0.016
1970 0.705 0.243 0.030 0.009 1965 0.599 0.073 0.020 0.004
1971 0.535 0.158 0.020 0.005 1966 0.831 0.077 0.034 0.004
1972 0.424 0.135 0.021 0.005 1967 0.695 0.065 0.030 0.003
1973 0.447 0.150 0.021 0.005 1968 0.677 0.065 0.032 0.003
1974 0.798 0.305 0.017 0.005 1969 0.810 0.092 0.058 0.005
1975 0.406 0.177 0.017 0.006 1970 0.597 0.090 0.047 0.005
1976 0.533 0.240 0.018 0.006 1971 0.707 0.112 0.040 0.005
Means® 0.547> 0.045 0.022 0.002 1972 0.541 0.082 0.052 0.006
a " - 1978 0.703 0.127 0.050 0.006
Eea:ﬂf?ﬁfﬁoi %ﬁ?ﬁgzﬁ T SRS ol 0959 0232 0022  0.004

bMIS = 1.7, SE(MLS) = 0.2. 1975 0.425 0.103 0.031 0.006
1976 1.064 0.631 0.035 0.005

Means? 0.680° 0.500 0.038 0.002

Table B-27. Estimates of survival and recovery
rates for female mallards banded during winter
in N Wyoming (243).

8Based on 12,937 bandings and 1,471 recoveries. Model 1 good-
ness-of-fit x2 = 57.9, 59 df, P = 0.52.
bMIS = 2.6, SE(MLS) = 0.5.

Table B-29. Estimates of survival and recovery

Year (i) 8, SE(S) f SE(f)
1964 0.276 0.282 0.010 0.010
1965 0.583 0.203 0.004 0.003
1966 0.338 0.107 0.019 0.006
Means® 0.399> 0101 0.011 0.004

8Based on 1,357 bandings and 68 recoveries. Model 1 good-

ness-of-fit x> = 9.4, 4 df, P = 0.05.

bMIS = 1.1, SEMLS) = 0.3.

rates for female mallards banded during winter
in SE Wyoming-W Nebraska (251).

Year (i) S, SE(S) £ SE(f)
1965 0.625 0.175 0.013 0.005
1966 0.896 0.204 0.016 0.004
1967 0.585 0.141 0.014 0.003
1968 0.672 0.166 0.017 0.004
1969 0.805 0.234 0.016 0.004
1970 0.387 0.130 0.021 0.005
1971 0.674 0.216 0.020 0.005
1972 0.583 0.215 0.021 0.005
1973 0.551 0.247 0.014 0.004
1974 0.642 0.437 0.014 0.005
1975 0.363 0.233 0.006 0.004
Means® 0.617>  0.032 0.016 0.001

2Based on 6,310 bandings and 277 recoveries. Model 1 good-
ness-of-fit x2 = 19.2, 29 df, P = 0.92.
bMLS = 2.1, SE(MLS) = 0.2.



Table B-30. Estimates of survival and recovery
rates for male mallards banded during winter in
NE Colorado (252).
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Table B-31. Estimates of survival and recovery
rates for female mallards banded during winter
in NE Colorado (252).

Year (i) S, SES) f; SE(f) Year (i) S SES) A SE(f)
1945 0.699  0.092 0.073 0.011 1945 0.747 0.156 0.041 0.011
1946 0.629 0.059  0.070 0.006 1946 0.741 0.111 0.042 0.006
1947 0.729 0.050  0.035 0.003 1947 0.598 0.078  0.026 0.004
1948 0.687 0.035 0.032 0.002 1948 0.565 0.058 0.035 0.003
1949 0.722 0.032 0.048  0.002 1949 0.577 0.049  0.036 0.003
1950 0.682 0.050  0.048 0.002 1950 0.647 0.095 0.033 0.002
1951 0.614 0.091 0.064 0.005 1951 0.558 0.159  0.045 0.007
1952 1.680 1.179 0.053 0.007 Means® 0.633>  0.030 0.037 0.002
Means® 0.805>  0.146 0.053 0.002

1964 0.573 0.133 0.031 0.006
1964 0.820 0.061 0.033 0.004 1965 0.658 0.113 0.017 0.003
1965 0.717 0.044 0.022 0.002 1966 0.500 0.067 0.016 0.002
1966 0.720 0.044  0.030  0.002 1967 0.695 0.088 0.026 0.003
1967 0.681 0.043 0.042 0.003 1968 0.716 0.092 0.017 0.002
1968 0.782 0.055 0.045 0.003 1969 0.731 0.115 0.021 0.003
1969 0.867 0.080  0.041 0.003 1970 0.545  0.085 0.022 0.003
1970 0.586 0.054  0.048 0.004 1971 0.645 0.085 0.024 0.003
1971 0.716 0.053 0.047 0.003 1972 0.586  0.080 0.025 0.003
1972 0.663 0.053 0.060 0.004 1973 0.734 0.112 0.021 0.002
1973 0.603 0.054  0.048 0.003 1974 0.637 0.101 0.013 0.002
1974 0819  0.074 0.028 0.002 1975 0.593 0.107 0.020 0.002
1975 0.709 0.072 0.038 0.003 1976 0.449  0.109 0.017 0.002
1976 0.811 0.114 0.032  0.003 Means® 0620  0.015 0.021 0.001
Means® 07304  0.010 0.040 0.001

2Based on 21,525 bandings and 3,449 recoveries. Model 1 good-
negs-of-fit % = 77.4, 48 df, P = 0.00.

bMIS = 4.6, SEMLS) = 3.9.

“Based on 38,436 bandings and 4,428 recoveries. Model 1 good-
negs-of-fit x> = 106.7, 77 df, P = 0.01.

dMLS = 3.2, SE(MLS) = 0.1.

2Based on 12,205 bandings and 1,145 recoveries. Model 1
goodness-of-fit x2 = 58.0, 38 df, P = 0.02.

bMLS = 2.2, SE(MLS) = 0.2.

“Based on 27,383 bandings and 1,306 recoveries. Model 1 good-
ness-of-fit x2 = 57.5, 55 df, P = 0.38.

dMLS = 2.1, SEMLS) = 0.1.
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Table B-32. Estimates of survival and recovery
rates for male mallards banded during winter in
SE Colorado (253).

Table B-33. Estimates of survival and recovery
rates for female mallards banded during winter
in SE Colorado (253).

Year (i) S, SE(S) £ SE(f) Year (i) S, SES) f SE(f)
1949 0.743 0.085 0.049 0.004 1949 0.841 0.113 0.036 0.004
1950 0.584 0.086 0.042 0.006 1950 0.524 0.113 0.027 0.004
1951 0.682 0.128 0.040 0.008 1951 0.450 0.120 0.032 0.007
Means® 0.669>  0.040 0.044 0.004 Means® 0.605>  0.042 0.032 0.003
1966 0.892 0.140 0.017 0.005 1966 0.750 0.245 0.019 0.008
1967 0.822 0.136 0.025 0.005 1967 0.469 0.133 0.022 0.006
1968 0.628 0.102 0.025 0.005 1968 1.535 0.591 0.021 0.006
1969 1.103 0.197 0.036 0.006 1969 0.522 0.231 0.010 0.004
1970 0.703 0.143 0.031 0.005 1970 0.822 0.340 0.007 0.003
1971 0.643 0.123 0.034 0.006 1971 0.390 0.147 0.009 0.003
1972 0.534 0.095 0.039 0.006 1972 0.613 0.238 0.020 0.005
1973 0.611 0.124 0.039 0.006 1973 0.331 0.147 0.015 0.005
1974 1.376 0.347 0.030 0.006 1974 0.585 0.268 0.018 0.006
1975 0.714 0.210 0.020 0.00<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>