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An analysis of 4, 385 recoveries of mallards (Anas platyrhyn-

chos), that were reported during the years 1929 to 1972, was made to

determine the migrational characteristics and survival rates of

mallards banded at Malheur National Wildlife Refuge in southeastern

Oregon.

Two populations, a transitory population and a wintering popu-

lation, were banded at Malheur National Wildlife Refuge. The

transitory population was found in the Harney Basin during the spring

and fall; the majority of recoveries from this population occurred in

the Central Valley of California in the month of December, The

wintering population was found in the Harney Basin during the fall and

winter; the majority of recoveries from this population occurred in

the Harriey Bas in, Columbian, and Owyhee- Snake harvest areas,
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Immature mallards had geographic recovery distributions that

were more northern than adult mallards, Irnmatures also had chrono-

logic recovery distributions that were earlier than adults. Estimated

survival rates for immatures were lower than for adults. Males

were found to have higher recovery rates than females. Immature

males had the lowest survival rates, the highest recovery rates, and

were recovered further north and earlier in the hunting season than

any other sex and age class, Adult males had the highest survival

rates, and were recovered further south and later in the hunting

season than any other sex and age class. Adult females and immature

females had the lowest recovery rates, and had survival rates,

geographic recovery distributions, and chronologic recovery distribu-

tions that were intermediate to immature males and adult males.

Management implications and recommendations for further

stud y we re d is cus sed.
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MIGRATIONAL CHARACTERISTICS AND SURVIVAL RATES
OF MALLARDS BANDED AT MALHEUR NATIONAL

WILDLIFE REFUGE

INTRODUCTION

The waterfowl banding program at Malheur National Wildlife

Refuge (Malheur NWR) began in July of 1926 when George M. Benson

banded 77 birds of eight species. From July 1926 to July 1972, over

67, 000 waterfowl were banded by refuge personnel; more than half

of the total birds banded were mallards (Anas platyrhynchos).

Previous waterfowl research at Maiheur NWR included the life

history and ecology of the canvasback (Aythya valisineria) (Erickson

1948), waterfowl nesting studies (Sooter 1938, 1940), and investiga-

tions of waterfowl production and habitat utilization (Jarvis and Harris

1967, 1971). No thorough analysis of population dynamics and

migrational movements of any of the waterfowl species utilizing

Maiheur NWR has been conducted. The specific objectives of this

study were to estimate survival rates and determine migratory

movements of mallards banded at Maiheur NWR during the years

1929 to 1971.

Mallards were selected for analys is because of the large quantity

o data available, because of the lack of information on population

dynamics and migrational movements of mallards in southeastern

Oregon, and because of the importance of the mallard as a game bird,
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DEFINITION OF TERMINOLOGY

Age Classification

Adult. Age class used to signifiy a mallard that has passed its first

calendar year of life; a mallard not hatched in the current breeding

season; classified as an after hatching year bird (AHY).

Immature, Age class used to signify a mallard that is in its first

calendar year of life; a mallard hatched during the current breeding

season; classified as a hatching year bird (HY).

Band Reporting Terminology

Direct Recovery. A recovery that occurs in the same banding year

that the bird was handed,

Indirect_Recovery. A recovery that occurs in a banding year other

than the one in which the bird was banded,

Normal. A healthy, wild bird that is captured, handed, and immedi-

ately released at the capture site and has been rnarlced only with a

standard U, S. Fish and Wildlife Service leg band.

Recovery. A banded bird that has been killed or found dead and

reported to the Gfice of Migratory Bird Management in Washington,

1

ilecovery Rate, The percentage of handed birds that are recovered

and reported to the Office of Migratory Bird Management.
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Reporting Rate. The percentage of banded birds shot and retrieved by

hunters that are reported to the Office of Migratory Bird Management.

Geographic Location

Banding Area, All mallard band recoveries utilized in this study were

recoveries from birds banded at Maiheur NWR in the Harney Basin,

Degree Block. A block of area bounded by one degree of latitude and

one degree of longitude, For example, 43° North latitude and 118°

West longitude becomes 43-118 and would be the degree block which

includes Malheur Lake.

Harvest Areas. Those areas in which birds were reported killed or

found dead. In this study, specific degree blocks were grouped

together to form 12 reference areas,

Time Periods

Banding Period, The season of year in which a bird was banded. The

following terms are used to indicate the period of banding: preseas on,

inseason, postseason, and spring.

Banding Year. The year of banding which, for the purpose of this

study, is defined as 2 July of year n to 1 July of year n + 1.

Hunting Season. Because of yearly variation in the length of the actual

waterfowl hunting season and because of differences in the opening

and closing dates in the western United States and Canada, the Pacific



4

Flyway hunting season is defined as 3 September to 21 January.

Hunting season refers to period of recovery.

Inseason. The period of banding when hunting generally occurring in

the Harney Basin; defined as 15 October to 31 December.

Postseason. The period of banding that occurred after the hunting

season had ended; defined as 1 January to 18 February. All birds

banded in the defined postseason banding period at Malheur NWR were

banded after the regular waterfowl season had ended,

Preseason, The period of banding that occurred prior to the beginning

of hunting in southeastern Oregon; defined as 2 July to 14 October,

Spring, The period of banding that occurred during northward migra-

tion of waterfowl to breeding areas; defined as 19 February to 6 May,



DATA ANALYSIS

Source of Data
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Data for all recoveries from mallards banded at Maiheur NWR

were obtained from the Office of Migratory Bird Management, U. S.

Fish and Wildlife Service, in the form of interpreted IBM cards,

These data were tabulated with an IBM 083 card sorter at the Oregon

State University Computer Center.

Edit of Data

Data obtained from the Office of Migratory Bird Management

were compared with data in the files of Maiheur NWR to locate errors

and omissions, Occasional examinations of the sorted cards were

conducted to check for possible misreading by the card sorter during

the data tabulation process; no errors by the card sorter were

detected,

Methods of Analysis

Geographic distribution patterns of recoveries were analyzed by

examining the distribution of recoveries by reference areas, Chrono-

logic distribution patterns of recoveries were analyzed by examining

the distribution of recoveries by 14 day periods.



Estimates of annual recovery rates and survival rates were

obtained using Brownie's (1973) model H1, Model H1 assumes that

recovery and survival rates were time specific and age- specific

(young vs. adult). Estimates of parameters and their variances were

developed using the theory of maximum likelihood. Chisquare tests

and z-tests were used to determine statistical differences within and

between groups of data, The five percent significance level was the

minimal level used in all tests, The following symbols were used to

identify the significance level of the chi- square and z-test values

* significant at the five percent level; ** significant at the one

percent level,

Outline of the Model H

Since the models developed by Brownie (1973) were new and had

not yet been published, a basic outline of the model H1 was included

to facilitate the understanding of the method used in obtaining esti-

mates of annual survival rates and estimates of annual recovery

rates,

Recovery data were represented in a triangular array as

follows:



Year Banded
and Released

Number
Banded

Year of Recovery
1 2 3 k

7

Row
Totals

1 N1 R11 R12 R13 R1

2 N2 R22 R23 R2

3 N3 R33 R3 R3

k N Rkk Rk

Co 1 urn ri

Totals R
1

R
2

R R k

where N. equals the number of adult birds banded and released, and

where R.. equals the number of recaptures reported (Brownie 1973:3a)

The recovery data for immature birds were represented in a triangu-

lar array similar to the array used to represent the adult birds, with

the substitution of the letter M for the letter N to represent the num-

ber of immatures banded and released and the substitution of the

letter Q for the letter R to represent the number of recoveries of

immatures reported.

The following symbols were used to identify estimates of survi-

val rates and estimates of recovery rates: estimated recovery

rate for adult birds; f estimated recovery rate for immature birds;

S. estimated survival rate for adult birds; S estimated survival
1 1

rate for immature birds,



The following equations were used to calculate estimated s urvi-

val and recovery rates:
RA

f
N.

R.
1.

+
N.

R.
I + l.

N, + 1

M.

R.+Q.-Q..
1_ I 11

T,- U.-Q.
I I I.

Q. -Q..

R.1+1
N.
L+ 1

where T R and T. R. + T. R . , and where U Q
1 1. 1 1. i-i i-1

and U. Q. + U, Q (Brownie 1973:5, 7, 11).
1 1. 1-1 i-1.



DELINEATION OF HARVEST AREAS

Recovery patterns during the hunting season, and biological and

geographical features were used to delineate 12 reference areas

(Figure 1).

Descriptions of Harvest Areas

British Columbia-Alberta: Interior valleys of southern British

Columbia, and the grasslands and aspen parklands of s outherri Alberta.

North Coastal: The area between 42° North latitude and 55°

North latitude, west of the Cascade Mountains in Oregon and Washing-

ton, and west of the coastal mountains in British Columbia.

Columbian: Washington east of the Cascade Mountains, including

the middle section of the Columbia River and lower Snake River, and

the northern part of Central Oregon, including the Deschutes and John

Day rivers.

Intermouritain: Montana west of 1100 West longitude, including

the upper Missouri River and Flathead Lake; norther, central and

southeastern Idaho, including Pend Oreille and Couer dAlene lakes,

the Salmon River and upper part of the Snake River.

Owyhee-Sriake: Owyhee Basin in eastern Oregon and the middle

section of the Snake River in Idaho.

Harney Basin: Harriey Basin in southeastern Oregon.



Figure 1. Harvest reference areas for mallards banded at Maiheur NWR. The banding area is 10

located in the Harney Basin (reference area 6).
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Klamath-Warner: South central Oregon and northeastern

California, including the Warner Lakes, Kiamath Basin marshes, and

Honey Lake.

North Central Valley: Sacramento Valley in California; that

part of the Central Valley north of 38° North latitude,

South Central Valley: San Joaquin Valley in California; that

part of the Central Valley south of 38° North latitude,

South Coastal: Coastal areas between 32° North latitude and

420 North latitude, west of the coastal mountain ranges in California,

Sonoran-Great Basin: Great Basin and desert areas of

California, Nevada, and Utah,

All other: Areas outside of the other 11 areas.



RESULTS AND DISCUSSION

Banding Totals

12

A total of 34, 592 mallards were banded at Maiheur NWR between

1 July 1926 and 1 January 1972. Excluding bandings of mallards

afflicted with botulism, birds tagged with reward bands, and birds

not sexed when banded, an adjusted total of 33, 604 records remained

usable bandings occurred from 1929 to 1971. Because of inadequate

rec.ords, no attempt wa.s made to adjust for double banded birds or

birds that had bands replaced one or more times. It was believed

that less than 150 (0.4 percent) of the adiusted total represented

duplication of individual band ings.

Bandings were distributed between years as foliows 1929-39,

15. 021 (44. 7 percent); 1940-49, 6, 272 (18. 7 percent); 1950-59,

272 (0. 8 percent); 196071, 12, 039 (35. 8 percent).

The distribution of the adjusted total bandings by season of

banding was postseason, 3, 321 (9. 9 percent); spring, 4, 323 (12. 9

percent); preseason, 12, 303 (36, 6 percent); inseason. 13, 657 (40. 6

pe rcent),

Ae Ratios and Sex ComDosition

The years 1960-71 were the only years in which reliably aged
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birds banded preseason were available for analysis. The average age

ratio of banded birds, based on a combined sample of 7,297 banded

birds, was 1. 11 immatures per adult or 2, 01 irnmatures per adult

female, The ratio of immatures to adults banded in the years 1960-71

at Malheur NWR was similar to the average production rate (young

per adult in the fall flight) of 1, 1 in continental North America for

the 1955 to 1967 period (Anderson and Henriy 1972:14).

Examination of the sex composition of the banded birds was

accomplished by combining the data for all years, and dividing the

banding year into four banding seasons. Sex ratios were approxi-

mately equal during the preseason and inseason periods, unbalanced in

favor of males during the postseason period, and returned to an

almost balanced condition in the spring period (Table 1). Observed

seasonal sex ratios of mallards in Oregon, from 1946-48 (Evenden

1952) indicated an unbalanced sex ratio (in favor of males) only in

January (Table 2),

In order for the sex and age ratios of the banded sample to be

interpretable, the banded samples would need to be unbiased, ran-

dom samples of the population and this was unlikely. However, both

the observed and banded samples showed similar age ratios and

showed a large prepondernace of males in the population during

Ja rluary,



Tabi 1, Sex ratios of normal mallards, of all ages, banded at Maiheur NWR, 1929 through
1971, grouped by season of banding.

Band .ng Period

; -eseas on ( JuLy-- 14 Oct.

inseason (15 Oct. -31 Dec.

Postseason (1 Jan, -18 Feb.)

Spring (19 Feb. -6 May)

Total or Mean

Number Banded
Male Female Total

6,011 6,292 12, 303

6, 974 6, 683 13, 657

2, 153 1, 168 3, 321

2, 332 1, 991 4, 323

P e r C e n.t

Male Female

49 51

51 4

65 35

54 46

17, 740 16, 134 33, 604 52 48

Sex Ratio
Maleper Female

0. 96

1. 04

1. 84

1. 1?
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Table 2. Monthly sex ratios of mallards observed in Oregon, 1946
1948, based on data from Evenden (1952 Table 1).

Month
Number Observed

Male Female Total

Percent
Male Female

Sex Ratio
Males per
Female

November 36 34 70 51 49 1,05

December 1 1 2 50 50 L00

January 1,020 472 1,492 68 32 2,16

February 875 795 1, 670 52 48 1. 10

March 873 842 1,715 51 49 1.04

April 301 301 602 50 50 1. 00

May 16 16 32 50 50 1.00

June 3 3 6 50 50 1,00

Total or
mean 3, 125 2,464 5, 589 56 44 1.27
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Recovery Data

Recovery Totals

A total of 4, 651 recoveries of normal mallards banded at

Malheur NWR between 1 July 1929 and 1 January 1972 were reported

to the Office of Migratory Bird Management prior to 1 February 1972,

Bands were reported obtained in 18 separate ways (Table 3). Of

these recoveries, 4, 385 (94 percent) were shot or found dead during

the fall-winter hunting season and were considered as hunting

mortalities for the purposes of this study. Non-hunting mortalities

that were reported totaled only 266 (6 percent). Non-hunting forms of

mortality were an important source of mortality, but were basically

unobservable and the reporting rate, to the Office of Migratory Bird

Management, was very low in most cases (D, R. Anderson, personal

communication). Percentages of recoveries in each category were

similar to the summary of recoveries for the Pacific Flyway pre-

sented by Anderson and Henny (1972:Table 1),

Analysis of Recoveries Due to Hunting Mortality

One pattern was conspicious throughout this study, Immature

males were shot further north, earlier in the season and had the

lowest survival rate of any age and sex class, Adult males were shot

further south, later in the season, and had the highest survival rate
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Table 3. Summary of causes of all recoveries, 1929-1971, of
normal mallards banded at Maiheur NWR.

How Obtained
Number of
Recoveries

Percent of
Total

Shot 4, 336 93, 2

Found Dead 136 2, 9

Found due to Starvation 2 T a

Found Injured 8 0. 2

Caught in Trap (Non-banding) 17 0. 4

Killed by Carnivore 2 T

Taken by Raptor 7 0. 2

Banding Mortality 3 0. 1

Flew into Object 1 T

Weather Mortality 1 T

Disease 86 1, 8

Struck by Farm Machinery 1 T

Found Dead on Highway 1 T

Band Removed 1 T

Band with Skeleton 1 T

No Information 29 0. 6

Illegal Kill 16 0. 3

Miscellaneous 3 0. 1

Total 4, 651 99. 8

aT less than 0. 05 percent.



of any age and sex class, Females occupied the middle ground

between the two extremes,

Based upon the geographic and chroriologic distributions of

recoveries, there appeared to be two distinct groups of birds using

the Harney Basin, A transient population was associated with the

Central Valley wintering grounds and was found in the Harney Basin

in the spring and preseason periods. A wintering population was

associated with the Columbia and Snake River wintering grounds and

was found in the Harney Basin during the postseason period, Birds

banded in the Harney Basin during the inseason period appeared to

have characteristics of both the wintering and transient populations.

Geographic Distribution

An analysis of indirect recoveries was conducted to determine

differences in geographic distribution by sex, period of banding, and

years of recovery. To determine differences due to age, it was

necessary to use direct recoveries, since indirect recoveries

represent only adult birds. However, use of direct recoveries pro-

vided biased information about the geographic distribution of age

classes because the southern location of the banding site did not

provide adequate information about geographic distribution of first

year recoveries north of the banding site, Reliably aged birds were

available for analysis only for mallards banded from 1960 to 1971.
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Recoveries were divided by sex, grouped by periods of banding and

years of recovery, and separated according to harvest areas of

recovery: percentage and number recovered from each harvest area

were tabulated to determine geographic distribution (Tables 4, 5 and

ii
Chi- square tests were made only between recovery distributions

that had at least 75 recoveries in each of the two distributions being

tested.

Differences Due to Period of Banding. Nine tests of recovery dis-

tributions, of one sex in the same recovery years for different

banding periods, were made (Table 7). No significant difference

occurred between recovery distributions of birds banded preseason

and spring. The distributions of recoveries between birds banded

preseason and inseason, preseason and postseason, and spring and

postseason were significantly different. There was a significant

difference in two of the three recovery distributions between birds

banded spring and ins eason; the one exception was for the recovery

years 1940-49.

Birds banded spring and preseason showed a higher proportion

of recoveries in the southern harvest areas than did the birds banded

postseason and inseason, Mallards banded postseason showed a

markedly higher recovery distribution in northern harvest areas,

while birds banded inseason showed a recovery distribution



Table 4. Geographic distribution of indirect recoveries of male mallards banded at Maiheur NWR.
Recoveries presented as percentages.

Period of Banding Preseason Spring Inseason ost
season

1930- 1940- 1961- 1930- 1940- 1961- 1930- 1940- 1961-
Years of Recovery

1939 1949 1971 1939 1949 1971 1939 1949 1971

Location of Recovery

British- Columbia-
Alberta 9. 7 2. 6 2. 9 13. 9 5. 1 6, 6 8. 2 4, 9 8. 0

North Coastal 4.8 0. 6 1.8 2. 6 1. 7 3. 3 2, 8 1. 1 1. 6
Colurnbian 4. 8 5. 8 5. 0 6, 0 6, 0 9. 1 7. 1 8. 7 13. 4
Intermountain 3.2 4. 5 2. 9 6. 6 5. 1 2. 5 3. 5 4. 1 2. 1
Owyhee-Snake 16. 1 16. 2 10. 6 21. 9 14. 5 9. 9 17.4 17.8 17. 1
Harney Basin 1. 6 2. 6 5. 6 4. 6 1. 7 6. 6 6. 4 8. 5 28, 9
Klamath-Warner 16. 1 7. 8 8. 6 9. 3 11. 1 7. 4 8. 9 14.2 8.0
North Central

Valley 29.0 42.4 46. 9 24. 5 41. 8 43. 0 25. 5 27. 3 13. 9
South Central

Valley 4. 8 7. 1 7. 4 6. 0 7. 7 7. 4 6. 0 4. 1 2. 1

South Coastal 1. 6 1. 9 0. 6 0. 0 0. 9 1. 7 2. 1 2. 5 0. 0
Sonorari- Great

Basin 8. 1 4. 5 7. 1 0. 7 3. 4 1.7 9. 6 4. 6 3.7
All Other 0. 0 3. 9 0. 6 3. 9 0. 9 1. 1 2. 5 2. 2 0. 8

Total 99. 8 99. 7 100. 0 100. 0 99. 9 100. 0 100. 0 100. 0 99. 9

Number of
Recoveries 62 154 339 151 117 121 282 366 187

N)



Table 5. Geographic distribution of indirect recoveries of female mallards banded at Maiheur NWR.
Recoveries presented as percentages.

Post
Period of Band in Preseason Spring Inseason season

1930- 1940-- 1961-- 1930- 1940- 1961- 1930- 1940- 1961-
ears of Recovery

1939 1949 1971 1939 1949 1971 1939 1749 1971

Location of Recovery
British ColurnhLa-

Alberta 5,6 0.8 0.5 12,6 4, 1 8. 6 14.6 7. 1 9,5
NorthCoastal 28 0.8 1,6 4.5 0,0 0.0 3,5 2,9 2,4
Colnrnhian 2, 8 4. 2 7, 1 7. 2 4. 1 8, 6 12. 7 12, 1 33. 3
Interrnountain 5,6 0.8 1.1 4,5 0.0 2.9 7,3 5,0 2,4
Owyhee-Snake 25.0 23. 3 8.2 22. 5 30, 6 20.0 11.2 22, 1 7, 1

Harriey Basin 2, 8 4,2 8.2 2. 7 6. 1 8. 6 6.2 5,7 31,0
Klamath-Warner 5, 6 9, 2 8. 8 2. 7 12. 2 2, 9 10. 8 12, 9 7, 1

North Central
Valley 36. 1 44, 2 47. 8 23. 4 28. 6 42. 9 23. 5 19. 3 4. 8

South Central
Valley 5. 6 5, 8 9. 9 6, 3 4, 1 2. 9 3. 1 5. 7 0, 0

South Coastal 5. 6 2. 5 1. 1 0. 9 6. 1 0. 0 0. 8 1.4 0. 0
Sonoran-- Great

Basin 0.0 3. 3 4, 9 4. 5 4, 1 2, 9 5.0 4. 3 0.0
All Other 2. 8 0. 8 0. 5 8. 1 0. 0 0, 0 1. 5 1.4 2. 4

Total 100, 3 99. 9 99. 7 99. 9 100. 0 100. 0 100. 2 99, 9 100, 3

Number of
Recoveries 36 120 183 111 49 35 260 140 42



Table 6, Geographic distribution of direct recoveries of mallards banded preseason, 1960- 1971.

Recovery
Location Adult

Number Pe rcent

Male
Immature

Number Percent

Female
Adult

Number Percent Number
Immature

Percent

British Columbia-
Alberta 0 0,0 0 0,0 0 0

North Coastal 2 2, 1 2 1. 2 0 0. o 1 0. 9

Columbian 4 4, 2 4 2, 3 4 4, 4 2 1, 8

Intermountain 4 4, 2 7 4. 0 1 . 1 o.

Owyhee-Snake 9 94 26 149 9 9,9 13 1i7
Harney Basin 3 3. 1 43 24. 7 7 7, 7 19 17. 1

Kiamath Warner 8 8. 3 16 9, 2 7 7, 7 11 9, 9

North Central
Valley 50 52, 1 65 37.4 52 57, 1 55 49. 5

South Central
Valley 11 ii, 5 7 4,0 6 6, 6 4 3, 6

South Coastal 1 1. 0 0 0. 0 3 3, 3 0 0,0

Sonorari- Great
Basin 4 4,2 3 1.7 2 2,2 6 5.4

All Other 0 0. 0 1 0. 6 0 0. 0 0 0. 0

Total 96 100, 1 174 100.0 91 100,0 111 9, 9

N)
N)
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Table 7. Chi-square values from tests of geographic distributions of
indirect recoveries between different banding periods in the
same recovery years.

Banding Perwds Years of
Recovery Sex Value

Degrees of
Freedom

Preseason and Spring l94049 M 6, 19 11

PreseasonandSpring 1961-71 M 13,04 11

Preseason and Inseason 1940-49 M 23. 01* 11

Preseason and Inseason 1940-49 F 30, 84* 11

Preseason and Postseason 1961-71 M 115, 43** 11

Spring and Inseason 1930-39 F 29, 93** 11

Spring and Inseason 1930-39 M 23,06* 11

Spring and Inseason 1940-49 M 1909 11

Significant at the 5 percent level,

Significant at the 1 percent level,
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intermediate to the distribution pattern of mallards banded post-

season, and preseason and spring.

The North Central Valley harvest area was the principal area

from which indirect recoveries of mallards, banded in the Harney

Basin during the spring, preseason, and inseason banding periods,

were reported. The Harney Basin and Columbian harvest areas were

major recovery areas only for mallards banded during the post-

season banding period. Thus, there appeared to be two populations

utilizing Maiheur NWR; a transitory population which was banded

during the spring and fall migration periods, and a terminal wintering

population banded during the winter, The wintering population was

associated with mallards wintering along the Columbia River and

lower Snake River,

Lauckhart et al, (1961) analyzed data from Washington, Oregon

(except southeastern Oregon), Idaho, and northern California, and

found that only populations banded in eastern Idaho and northeastern

California repre sented transitory populations, Mallards banded in

the remainder of the Pacific Northwest were terminal wintering

populations, Anderson and Henny (1972:73) reported that the only

group of mallards banded preseason in the Pacific Northwest that

contributed significantly to the harvest in California were those

banded in eastern Oregon, Eastern Oregon as defined by Lauckhart

et al, (1961) consisted of two subunits (eastern Oregon-Columbia
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River and eastern Oregon-lower Snake River) but excluded south-

eastern Oregon (no significant banding occurred in southeastern

Oregon during the 1950's). Anderson and Henny (1972:31-32) con-

sidered both eastern and southeastern Oregon as a single eastern

Oregon region, A decrease in the percentage of direct recoveries,

of locally banded birds, occurring in eastern Oregon from the 1950's

to the 1960's was noted by Anderson and Henny (197272), This

decrease of recoveries in Oregon was accompanied by an increase in

the percentage of direct recoveries that occurred in California,

Anderson and Henny (1972:73) felt that the change in recovery patterns

during the 1960's may have been related to drought. However, during

the 1950's the principal banding areas in eastern Oregon were along

the Columbia River and lower Snake River, Mallards banded in

these areas represented terminal wintering populations, During the

1960's the principal banding area in eastern Oregon shifted to south-

eastern Oregon, where Summer Lake Game Management Area and

Malheur NWR were located, Malheur NWR and Summer Lake Game

Management Area were areas which had a transitory preseason

mallard population. The change in recovery distribution noted by

Anderson and Henny (1972) can probably be equated to the change

from banding a terminal wintering population to banding a transitory

population,

Differences Due to Years of Recovery. Only male mallards banded
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in spring showed significant differences in geographic distribution of

indirect recoveries between the years 1930-39 and the years 1940-49

and 1961-71 (1930-39/1940-4* 22,28*; 1930-39/1961-7L

26, 19**; 11 df), Males banded in spring and recovered in the years

1930-39 had more indirect recoveries from northern harvest areas

and fewer from southern areas than did males banded in spring and

recovered in the years 1940-49 and 1961-71.

Munro (i943237). Lauckhart (1961), and Galbreath (1962)

reported increasing wintering populations of mallards in the Okanagan

Valley and along the Columbia River during the 1940's and 1950's.

Lauckhart et al, (196l2) were unable to determine whether the

increasing wintering populations represented birds drawn from other

areas or 'new' birds that resulted because of increased habitat, The

British ColumbiaAlberta harvest area accounted for 11. 5 percent

(104 recoveries) o the indirect recoveries of birds banded in the

Harney Basin during 1930- 39, while this harvest area accounted for

only 4. 3 percent (41) of all indirect recoveries of birds banded in the

Harney Basin during 1940-49. Some of the decrease in indirect

recoveries in British Columbia-Alberta coud be attributed to

decreased southward migration into the Harney Basin in the 1940's

and 1960 's, where some of the birds would have been banded before

returning north. However, some of the decrease in northern recov-

eries could also be attributed to later hunting seasons in Canada, in
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recent years, and increased hunting pressure in southern harvest

areas,

Differences Due to Sex, A greater percentage of the harvest: of

adult females than males has been reported to occur in Canada

(Anderson and Henriy i97281), This differential harvest, appeared

to be the general case with indirect recoveries from all periods of

banding at Maiheur NWR, However, only mallards banded inseason

and recovered in the years 1930-39 showed a significant difference

between the geographic distribution of recoveries of males and

females, with more females recovered in northern areas and more

males recoxiered in southern areas (x2 = 26, i6*, 11 df), Anderson

and Henny (1972:83) tentatively concluded that this difference in

recoveries of males and females could be due to the greater

vulnerability of females early in the hunting season,

Differences Due to Age. Adult males and immature males had mar-

kedly different distributions (x2 = 31. 62; 10 df); immature males

had a much greater percentage of recoveries in the Harney Basin and

a much smaller percentage of recoveries in the North Central Valley

than did adult males (Figure 2). Adult females and immature females

showed an apparent difference in geographic distribution, which was

not statistically significant 13, 46; 9 df); immature females had

an insignificantly larger percentage of recoveries in the Harrey

Basin and an insignificantly smaller percentage of recoveries in the



Figure 2. Geographic distribution of direct recoveries of preseason banded mallards, 1960-1971. Recoveries for
each age and sex class total 100 percent.
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North Central Valley than did adult females, In the Harney Basin,

immature males had the highest percentage of recoveries, followed

by immature females, adult females, and adult males in that order.

In the Central Valley of California, adult males had the highest per-

centage of recoveries followed by adult females, immature females,

and immature males,

The geographic distribution of direct recoveries of adult

females was similar to that of adult males. Anderson and Henny

(1972:81) found that the geographic distribution of direct recoveries

of adult females was similar to the distribution of immatures and not

similar to the geographic distribution of direct recoveries of adult

males.

Chronologic Distribution

Analysis for differences in chronologic distribution of

recoveries by sex, period of banding, and years of recovery were

made using indirect recoveries, Direct recoveries were used in

analysis for possible differences in chronologic distribution due to

age. The recoveries were divided by sex, and grouped by years of

banding and years of recovery; percentages reported in each two week

period and total number of recoveries were tabulated (Tables 8, 9

and 10).



Table 8. Chronologic distribution of indirect recoveries of male mallards banded at Maiheur NWR,
Recoveries presented as percentages.

Post
Period of Banding Preseason Spring Inseason Season

1930.- 1940- 1961- 1930- 1940- 1961- 1q30- 1940- 1761-
Years of Recovery

1939 1949 1971 1939 1949 1971 1939 1949 1771

Period of_Recover

Sept. 3Sept, 16

Sept. 17-Sept. 30

Oct. 1-Oct. 14

Oct. 15-Oct. 28

Oct. 29-Nov. 11

Nov. 12-Nov. 25

Nov. 26- Dec. 9

Dec. 10-Dec. 23

Dec. 24.-Jan. 7

Jan. 8.-Jan, 21

Total

Number of
Recoveries

2. 1 0,0 0,0 2, 5 0.0 1.0 1.4 1. 1 0,6

2, 1 0. 0 0. 7 4. 9 2. 2 1. 0 2, 4 0. 4 1. 9

2. 1 2, 6 4. 7 4, 9 3. 3 6. 1 4, 3 0. 7 9. 0

19. 1 12. 8 9,4 13, 1 13, 2 9, 1 9, 1 12, 9 9. 7

8. 5 13, 7 7, 6 22, 1 13. 2 7, 1 17, 7 15.7 10. 3

36.2 6. 0 12. 3 15, 6 16. 5 14. 1 28. 7 19, 3 10. 3

19. 1 15. 4 17,0 15, 6 17, 6 13. 1 23.4 18.2 15, 5

4.3 20.5 23,8 14.8 15.4 16.2 10.5 19.3 18. 1

2, 1 27.4 19. 9 5. 7 18, 7 23. 3 1.4 11.4 17.4

4.3 1,7 4.7 0.8 0,0 9.1 1,0 1,1 7,1

99. 9 100, 1 100, 1 100. 0 100. 1 100. 1 99.0 99.0 99. 9

47 117 277 122 91 99 209 280 155

C



TabI.e 9, Chronologic distribution of indirect recoveries of female mallards banded at Malheur NWR,
Recoveries presented as percentages.

PostPeriod of Banding Preseason Spring Inseason season
1930- 1940- 1961. 1930- 1940-. 1961- 1930- 1940.- 1961Years of Recovery
1939 1949 1971 1939 1949 1971 1939 1949 1771

Period of Rccovery

Sept, 3-Sept. 16 0,0 1,1 0,0 00 0,0 0,0 2,0 00 0,0

Sept, 17-Sept, 30 3,3 0,0 0,6 1,2 3,0 3.8 4,6 2,6 2,9
Oct. 1-Oct. 14 3, 3 9, 0 3, 8 0. 0 0, 0 7, 7 8.7 4,4 5 7

Oct. 15-Oct.28 23,3 14,7 12,7 12,8 12,1 77 7,1 16,7 17,1

Oct. 29-Nov. i1 13, 3 11,6 8. 3 17, 4 18.2 7, 7 18.4 14, 9 5,7
Nov. 12-Nov. 25 30.0 14,7 13,4 17,4 21,2 1L5 23,5 17,5 11,4

Nov. 26-Dec. 9 16, 7 9. 5 13.4 20, 9 15,2 3, 8 21,4 14, 9 20,0
Dec. 10- Dcc, 23 3, 3 17, 9 19. 1 17, 4 24, 2 19,2 10.2 14, 9 20.0
Dec. 24- Jan. 7 6, 7 27, 4 18, 5 7, 3 3, 0 34. 6 2, 0 13. 2 14. 3

Jan, 8-Jan, 21 3,2 10.2 3, 5 3.0 3, 8 2,0 0. 9 2, 9

Total 99, 9 100, 1 100, 0

Number of
Recoveries 30 95 157

99,9 99,9 99.8

86 33 26

99. 9 100. 0 100. 0

196 114 35

L.J



Table 10. Chronologic distribution of direct recoveries of mallards banded preseason, 1960-1971.

Pc r L od o
Recovery

Male
Adult

Number Percent Number
Immature

Percent

Female
Adult Immature

Number Percent Number Percert
Sept. 3-Sept. lo 0 0,0 0 0.0 0 0,0 0 0,0

Sept. 17-Sept, 30 0 0,0 0 0,0 0 0,0 0 0,0

Oct. 1-Oct. 14 2 2,4 12 8. 1 7 9, 2 4 4, 0

Oct. 15-Oct. 28 6 7, 2 18 12,2 6 7, 9 11 11, 0

Oct. 29--Nov. ii 7 8,4 ii 7,4 6 7.9 11 11,0

Nov. 12--Nov. 25 7 8,4 17 11, 5 9 11.8 12 12.0

Nov. 26-Dec. 9 7 8. 4 24 16, 2 12 15, 8 14 14, 0

Dec. 10--Dec. 23 24 28. 9 37 25, 0 13 17, 1 21 21.0

Dec. 24-Jan, 7 28 33, 7 23 15, 5 22 28. 9 21 21.0

Jan. 8-Jan. 21 2 2,4 6 4, 1 1 1, 3 6 6,0

Total 83 99. 8 148 100, 0 76 99, 9 100 100. 0

N-)
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Chi- square tests were made only between chronologic distribu-

tions that had at least 75 recoveries in each of the two distributions

being tested,

Differences Due to Period of Banding. Examination of observed

chronoiogic distributions (Tables 8, 9 and 10) and the results from

chi.square tests (Table ii) indicated that there was little difference

between birds banded preseason and spring, a significant observable

difference between birds banded inseason and birds banded pre-

season and spring, an apparent but insignificant difference between

bi.rds banded oostseason and birds banded preseason and spring.

Birds banded preseason and spring had a higher percentage of

recoveries reported in the later part of the hunting season than in the

earlier part of the hunting season, Indirect recoveries of mallards

banded inseason showed a distinct peak in the middle of the hunting

season and were not as heavily recovered at the end of the hunting

season as were birds banded preseason and spring. Birds banded

postseason had a small peak of recoveries early in the hunting

seas on, and a large peak of recoveries later in the hunting season,

but the distribution was not significantly different from birds banded

rl season arid spring.

Differences Due to Years of Recovery, The 1930 s were charac-

terized by short and early hunting seasons, and drought conditions,

while the i90's and 1960's were periods with long hunting seasons and
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Table 11, Chi-square values from tests of indirect chronologic
distributions between different banding periods in the
same recovery years.

Years of x2 Degrees of
Banding Periods SexRecovery Vaiue Freedom

Preseason and Spring 1940-49 M 12,09 8

Preseason and Spring 1961-71 M 8, 82 9

Preseason and Inseason 1940-49 M 27, 33** 9

Preseason and Inseason 1940-49 F 16. 93* 9

Preseason and Postseason 1961-71 M 10. 25 9

Spring and Inseason 1930-39 M 17, 72* 9

Spring and Inseason 1930-39 F 24. 82** 9

Spring and Inseason 1940-49 M 12, 13 9

Spring and Postseason 1961-71 M 4,28 9

Significant at the 5 percent level.

Significant at the 1 percent level,
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good water conditions, The combined chronologic distribution data of

indirect recoveries for both sexes and all periods of banding for each

of the three periods of recovery are shown in Figure 3. Significant

differences occurred between chronologic distributions of indirect

recoveries in the recovery years 1930-39 and 1961-71 for males

banded in spring (x2 33, 20**; 9 df), and in the recovery years

1930-39 and 1940-49 for males and females banded inseason (males:

41, 61**; females: 30, 83**; 9 df). Males and females

banded spring and inseason and recovered in the years 1930-39

appeared to have a higher percentage of indirect recoveries in the

early part of the hunting season and lower percentage recovered

throughout the hunting season than did those recovered in the years

1940-49 and 1961-71.

Differences Due to Sex. No significant differences in chronologic

distributions of indirect recoveries of males and females were found,

These results agree with Anderson and Henny (1972:82), who postu-

lated that males do not migrate south ahead of females, although

females were harvested in greater numbers in the northern areas

than were males,

Differences Due to A2e, Differences were noted between the chrono-

logic distributions of direct recoveries of the different age and sex

classes. Adult males and immature males showed a significant dif-

ferences in chronologic distribution of recoveries (x2 15, 74*, 7 df),



Figure 3. Chronologic distribution of indirect recoveries of both sexes and all periods of banding grouped by recovery years. Each group
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while adult females arid immature females did not show a significant

difference (x2 6, 67; 7 df). Immature males had a greater per-

centage of recoveries early in the hunting season (1 Oct. to 9 Dec.

and a smaller percentage of recoveries late in the season (10 Dec. to

21 Jan. ) compared to adult males, High recovery rates for immature

mallards early in the season were also found by Hickey (195 L287),

Belirose et al, (1961:437), and Anderson and Henny (1972:87). The

chronologic distribution of the direct recoveries of mallards banded

in eastern Oregon, as presented by Anderson and Henny (1972:

Figure 50), shows the peak of direct recoveries occurring in October,

with a second but smaller peak occurring in December. The distribu

tion of direct recoveries for mallards banded in the Harney Basin

(Figire 4) indicated that the peak of direct recoveries occurred in

December, The combing of direct recoveries of terminal wintering

populations (eastern Oregon.- Columbia River and eastern Oregon-

Snake River) and transitory populations (southeastern Oregon) by

Anderson and Henry (1972) may have been the reason for the differ-

erjces in the two patterns of chroriologic distributions. The terminal

populations were also subjected to a much greater hunting pressure

early iii the hunting season, while the transitory population was not

subjected to much hunting pressure until it arrived in the Central

Valley of California i.n December, This would also account for the

two peaks in the monthly distribution presented by Anderson and Henny.



Figure 4. Chronologic distribution of direct recoveries of preseason banded mallards,
1960-1971. Recoveries for each age and sex class total 100 percent.
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Geographic and Chronologic Distribution
of Seasonal Poplations

Lack of significant differences between the geographic and

chronologic distributions of indirect recoveries of birds banded

preseason and spring, and of indirect recoveries of males and females

permitted these data to be grouped for further examination,

The distribution, in time and space, of indirect recoveries, of

males and females banded preseason and spring, ins eason, and post-

season, for all recovery years are presented in Figures 5, 6 and 7

Assuming that the reporting rates for mallards recovered was the

same in all reference areas during any particular year and that the

amount of hunter effort for a particular reference area was a function

of the number of mallards available, then Figures 5, 6 and 7 reflect

changes in mallard distribution during the hunting season, Anderson

and Henny (l97259-64) reported that band reporting rates could not be

adjusted on a state by state basis and doubted that such an adjustment

would ever be practical. They concluded that, in general, the

distribution of band recoveries could be used to represent the distribu-

tion of the harvest,

Examination of Figures 5, 6 and 7 indicated that recoveries

occurred in three principal areas: the Columbian, Owyhee-Snake

and Central Valley harvest areas, It appeared that an increase in

recoveries was first reflected in the Columbian and Owyhee-Snake



Key to Figures 5, 6 and 7.
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higiire 6. Geographic and chrenologic distribution f indirect recoverie of postseason handed males and females recovered in the years
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areas, followed by an increase in the Central Valley. The timing of

the increase in rate of recoveries was about mid-November, a time

when the lakes and pond areas were freezing in the Harney Basin,

thus forcing the birds to move into areas with a greater hunting pres-

sure (California, and Columbia and Snake rivers).

Birds banded inseason showed a chronologic distribution that

was distinctly different from birds banded both preseason and spring,

and postseason. The geographic distribution of birds banded ins eason

was similar to the geographic distribution of birds banded preseason

and spring, and different from birds banded postseason. Birds

banded postseason had a distinct geographic distribution but a

chronologic distribution that was similar to birds banded preseason

and spring. The chroriologic distribution of birds banded postseason

differed from birds banded preseason and spring by being bimodal,

This bimodality resulted from the movement of the majority of the

wintering population (postseason) into the Harney Basin during the

month of November. Light hunting pressure in the Harney Basin

resulted in a decrease in the number of recoveries during November.

Survival and Recovery Rates

Usable information for computing survival rates and recovery

rates was reduced because of inaccurate aging of banded samples

from 1929 to 1950, and because of paucity of data. Adequate data were
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available only for mallards banded preseason in the years 1960-71.

Estimates of survival and recovery rates for females were for the

1960-7 1 period, while estimates for males were for the 1960-68

period. The differences in the length of the two periods occurred

because too few adults were banded in 1969 and 1971. The recovery

rates for immature mallards were the average direct recovery rates

for immatures, while recovery rates for adult mallards were average

recovery rates for all mallards recovered as adults, including direct

recoveries of birds banded as adults and indirect recoveries of birds

banded as adults and irnmatures.

Estimates of the average annual survival rates and estimates

of the average annual recovery rates under model H1 (B rownie 1973)

are presented in Table 12, Chi-square goodness of fit tests of the

model under H1 indicated that the data for males ( 40. 96; 37 df)

and females (x2 26, 31; 22 df) fit model H1. Z-tests were utilized

to identify significant differences in estimates of survival rates and

significant differences in estimates of recovery rates between age

and sex classes (Table 13). Significant differences in estimates of

survival rates occurred only between adult males and immature

males. A significant difference between estimated recovery rates of

immature males and immature females was indicated and the differ-

ence between the estimated survival rates of immature males and

immature females was felt to be significantly different although the

z- value was significant only at the 10 percent level.
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Table 12. Average annual survival estimates and average annual
recovery rate estimates, under model H1, for mallards
banded preseason in the Harney Basin.

Survival Rate Recovery Rate
Age Sex Period SE SE

(%) (%)

Adult M 1960-68 62. 8 3. 5 7. 1 0. 6

Immature M 1960-68 37 7 ± 4. 6 8. 5 ± 0. 8

Adult F 1960-71 58. 6 ± 8. 1 6. 1 t 0 7

Immature F 1960-71 56. 9 10. 5 6. 3 ± Q 7

Table 13. Z- values from tests of recovery rates and tests of survival
rates between different sex and age classes.

Z-value for Z-value for
Sex and Age Classes Survival Recovery

Tested Rates Rates

Adult male and Immature male 4. 53** 1. 48

Adult female and Immature female 0. 12 0. 20

Adult male and Adult female 0. 47 1. 0 1

Immature male and Immature female 1. 68 2. 12*

Significant at the 5 percent level.

Significant at the 1 percent level.
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Examination of estimates of survival and recovery rates of

mallards banded in the Harney Basin revealed that irnmatures were

ru:ered in greater numbers than adults and had a lower serv'al

ratu ftan adults. Low survival rates and high recovery rates for

imiriat,res was also shown by Belirose and Chase (I 950) and mcl'e

Adult females had an apparently, but ins igniLcant, lower

r. cu e ry rate than adult males hut yet had sigrnficantiy lower sur

'i rates than adult males. This would imply that causes other

rLu }uuting are depressing the survival rate of adult females.

Bllruse and Chase (1950) and Baiham and Miers (1959) also concluded

that factors other than hunting were important in depressing female

sur' ival rates. Adult and immature males had higher recovery rates

than did adult and immature females. These higher recovery ra te

were probably attributable to a hunter selectivity for drakes ifl the

Pacific Flyway, as was postulated by Hickey (1952).

The average survival rates for mallards banded in winter .n

scutheasterri Oregon, during the 1950-64 period, were 64, 8 percent

fur adult males and 54. 2 percent for adult females (Ge is et al.

19 jaule 3). These figures were similar to the adult survival

rat:' mr mallards handed preseason in the Harney Basin during

:tr , :ar 19t0-71, although the life table methods used by Geis et aL

ma, riot provide as reliable an estimate as the Brownie ti973)

I H



Necessary_Production. The average recruitment required for a stable

population with the survival rates of the mallards banded preseason

in the Harney Basin, using Formula 9 of Henny et al, (1970694),

was 1, 46 immatures produced per breeding female, The average

number of immatures banded preseason per adult female banded pre-

season at Maiheur NWR, during the years 1960-71, was 2. 01; the

average number of immature mallards produced to flight per breeding

female mallard, during the years 1966-71, was 1. 57 (Malheur NWR

Files). Both the number of immatures banded per adult female and

the number of immatures produced to flight per breeding female

indicated that current productivity was probably sufficient to with-

stand current hunting pressure, However, the closeness of the

figures of required recruitment and of immatures produced to flight

indicated that the balance may be rather tenuous,



49

MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

This study has utilized geographic and chrono!ogic distri.bu-

tions of recoveries to show that there were at least two populations

of mallards that utilized Malheur NWR during the course of a year,

a transitory population and a wintering population. The wintering

population (banded postseason) was found in the Harney Basin during

the fall and winter; a majority of its recoveries occurred in the

Harney Basin, Columbian, and Owyhee-Snake harvest areas, and had

an average peak size of 4, 500 birds (Malheur NWR Files) During the

years 1960-71. The transitory population was found in the Harney

Basin during the spring and fall; a majority of its recoveries occur-

red in the Central Valley of California, and had an average peak size

of 15, 000 birds (Malheur NWR Files) during the years 1960-71.

Probably mallards breeding in the Harney Basin and transient

mallards were banded during the spring banding period. If this was

the case, then mallards breeding in the Harney Basin would show

patterns similar to the transitory population, which included both

birds banded preseason and spring. Thus, changes in the hunting

management practices for one group would probably affect all three

groups (locally breeding birds, mallards banded spring, and mallards

banded preseason), If it was necessary to increase or decrease the

survival rates of females to influence the number of breeding females
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available in the spring, this could probably be done by manipulating

the harvest in one area, the Central Valley of California, The

majority of the recoveries of birds banded preseason and spring,

which probably included birds breeding at Malheur NWR, occurred in

the Central Valley of California during the period from 12 November

to 21 January. A restriction on the number of female mallards har-

vested during this period in the Central Valley would probably increase

female survival rates and might increase the breeding population of

mallards at Malheur NWR,

On the basis of the chronologic and geographic distributions of

the recoveries of mallards banded postseason and the presence of

postseason banded birds in the Harney Basin in mid- November, the

Harney Basin could be included in the special Columbia-Snake River

management unit after November 15, The delay in the date for

implementation was felt to be necessary to prevent pos sibie over-

harvest of the locally breeding population, which probably moves

south with the transitory population in mid-November.

Additional banding of mallards could provide information that

would permit better management of the mallard populations using the

Harney Basin, Banding mallards that are known to be hatched at

Maiheur NWR would provide an insight into the dynamics of the local

population. A knowledge of production, migrational characteristics,

and survival rates could be combined with the effects of grazing at
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Maiheur NWR, water levels at Maiheur NWR, food availability at

Malheur NWR and flyway hunting conditions to determine the best

conditions to optimize the local mallard pop ulation with recreational

and economic values, Additional banding of wintering birds would be

of value in determining the affects of the special Coiumbi.aSnake

River regulations on mallards using the Harney Bas in and would pro

vide better data on the migrational and survival characteristics of

that population.

The following recommendations were made to provide more

meaningful data regarding the survival rates and identification of

migrational characteristics of mallards using the Harney Basin:

1) A study of the nesting population of mallards should be conducted

to obtain information regarding basic population dynamics in the

Harney Basin, A representative sample of mallards nests should be

monitored at three to four year intervals in order to update produc

tion data, 2) Observations of sex ratios of mallards in the Harney

Basin should be obtained during the regular population censuses

conducted by refuge personnel. 3) Postseason banding should be

reinitiated, A minimum of 300 birds of each sex should be banded

during the postseason banding period. 4) To provide realistic annual

estimates of survival and recovery rates it would be necessary to

band 30O-40O birds in each sex and age class (D, R. Anderson,

personal communication), If yearly estimates of survival and
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recovery rates were not desired then a quota of 200 birds banded in

each sex and age class should provide adequate information for 10

year average estimates of recovery and survival rates, The pre-

season quota for immature birds should be made up of flightless

young in order to be certain that the immatures banded were pro-

duced in the Harney Basin, Flying young banded in the first two weeks

of August would probably also represent locally produced young.

Banding should begin early enough in the season and be pursued with

enough interest to insure that the minimal levels will be banded

during the preseason banding period.
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