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Effects of grazing by cattle in winter and mowing of hay in late

summer on the nesting ecology of ducks in southeastern Oregon were

studied from March through August of 1974 and 1975. A 650 ha study

area was divided into 3 units and 3 patterns of management designed

to produce differing amounts of residual cover were employed;

management of each unit was changed between 1974 and 1975. The

3 patterns of management were: (1) unrestricted mowing and grazing

prior to the waterfowl nesting season, (2) partial mowing but no

grazing prior to the nesting season, and (3) neither mowing nor

grazing prior to the nesting season.

A total of 333 duck nests were found on the study area during

1974 and 1975. Mallards (Anas platyrhynchos), cinnamon teal (Anas

Redacted for privacy



cyanoptera) and gadwalls (Anas strepera) were the most common

nesting species, constituting 91 percent of the nests studied. The

remaining 9 percent were nests of shovelers (Anas clypeata),

American wigeon (Anas americana), green-winged teal (Anas crecca),

pintails (Anas acuta), redheads (Aythya americana), ruddy ducks

(Oxyura jamaicensis) and unidentified ducks. Nests in this group

were referred to as 1Tothers".

Distribution and abundance of breeding pairs were not influenced

by management of the study units.

Densities of nests were highest on units where grazing and

mowing were prohibited during the previous season, intermediate

where partial mowing but no grazing was allowed during the previous

season and lowest where grazing and mowing were unrestricted during

the previous season. Duck nests were found in 5 types of cover:

tall grass; brush with tall grass; brush with short grass; bulrush-

cattail (Scirpus acutus-Typha latifolia); and burreed (Sparganium

eurocarpum). Distribution of nests among the types of cover did not

respond to changes in management of the study units, but varied

significantly among the units.

A significantly greater proportion of nests were initiated early

in the nesting season on units where grazing and mowing had been

restricted than on grazed and mowed units. Rates of success of

nests were lower where grazing and mowing were restricted than on



grazed and mowed units. Production of ducklings was highest where

grazing and mowing had been prohibited. Units where partial

mowing but no grazing had been allowed did not produce significantly

more ducklings than units where grazing and mowing had been

unrestricted during the previous season. Mallards, cinnamon teal

and ?botherstl benefitted in terms of increased production of ducklings

when mowing and/or grazing were restricted during the previous

season.

Densities of residual cover were greater on units where

grazing and mowing had been restricted than on grazed and mowed

units. Duck nests were located in denser residual cover and were

closer to boundaries of types of cover, nearest water, and open

water areas than were random sites. Discriminant analyses

indicated density of residual cover was the single best habitat

parameter for distinguishing nest sites from random (presumably

non-nest) sites in 5 of 6 models.
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EFFECTS OF EXPERIMENTAL MANAGEMENT SCHEMES
ON PRODUCTION AND NESTING ECOLOGY OF DUCKS

AT MALHEUR NATIONALS WILDLIFE REFUGE

INTRODUCTION

Agricultural activities such as mowing, grazing by livestock,

plowing, and burning can result in reduction of vegetation used as

nesting cover by ducks. Removal of cover during or prior to the

nesting season often results in decreased duck production (Dalton

1974, Duebbert 1968, Gjersing 1975, Kirsch 1969, Jarvis and

Harris 1971, Jessen et al. 1964, Martz 1967, Oetting and Cassel

1971, Page and Casse]. 1971). However, Bennett (1937) and Glover

(1956) concluded that light to moderate grazing was beneficial for

nesting blue-winged teal; Keith (1961) and Smith (1971) found mod-

erate grazing compatible with nesting ducks.

Some species of ducks begin nesting prior to the growth of new

vegetation, these species rely on remains of herbaceous growth of

previous years for cover (Jessen et al. 1964). Hence, agricultural

practices which remove vegetation after the nesting season may

influence the availability of cover for nesting the following year.

This study was conducted in 1974 and 1975 to determine the

effects of mowing and grazing on the nesting ecology of ducks in

the season following agricultural use. The specific objectives were
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to determine:

1. effects of restricted mowing in late summer and no grazing

in winter on the abundance and distribution of pairs.

2. effects of restricted mowing in late summer and no grazing in

winter on rates of success 3nd densities of nests.

3. effects of restricted mowing in late summer and no grazing in

winter on the production of ducklings.

4. relationships of interspersion and densities of types of

nesting cover, areas of open water, and areas of nearest

water, to the location of nests and the production of ducklings.



STUDY AREA

This study was conducted in the Blitzen Valley portion of

Malheur National Wildlife Refuge (Malheur NWR) in southeastern

Oregon (Fig. 1). The refuge was located in the northern portion of

the Great Basin in a predominantly shrub-steppe vegetational area

(Franklin and Dyrness 1973). Precipitation from 1942 to 1975 at the

P-Ranch (Fig. 1) averaged approximately 29 cm annually and

occurred during all months of the year (National Oceanic and

Atmospheric Administration, 1975a).

The Blitzen Valley which is approximately 55 km long and

from 1 to 8 km wide, originates at the base of Steens Mountain and

follows the Bjitzen River north to Malheur Lake. Elevation is

approximately 1280 m. The valley was flood irrigated in spring

and early summer of 1974 and 1975 by diverting runoff waters from

the Blitzen River into canals, which distributed the water to meadows,

sloughs, and ponds.

Traditional agricultural uses of the refuge which resulted in

cover removal were mowing of meadows in late July and August,

and grazing by cattle from October to March. Mowed vegetation was

stacked on refuge meadows as hay and fed to cattle during winter.

The study area was located near the confluence of Bridge

Creek and the Blitzen River approximately 93 km south of Burns
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Figure 1. Location of study area on Maiheur National Wildlife
Refuge.



(Fig. 1). The study area consisted of an interspersion of meadows,

ponds, sloughs, and shrub covered uplands (Fig. 2).
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ME THODS

The 650 ha study area was divided into 3 units (South, North

and Knox) by fences and Bridge Creek (Fig. 2). Three patterns of

management were applied to the study area during the course of

this research:

1. Traditional agricultural use of unrestricted mowing of

meadows in late summer and grazing with cattle during fall

and winter (MG management).

2. Experimental management with grazing prohibited and late

summer mowing restricted to low areas and meadows, leaving

a 30 m strip of undisturbed herbaceous vegetation around each

shrub-covered upland (M management).

3. Experimental management with both grazing and mowing

prohibited (MGP management).

M and MG management were used in 1974, M, MG and MGP manage-

ment were used in 1975. Each study unit was subjected to the

traditional pattern of use during one year and one of two experimental

patterns during the other year of the study (Table 1).

Intensities of grazing by cattle between the 1973 and 1974

growing seasons were 6.4 AUM/ha on South unit and 6. 9 AUM/ha on

Knox unit. On North unit, grazing intensity was 6. 3 AUM/ha between

the 1974 and 1975 growing seasons.



Table 1. Management of the study units in 1974 and 1975, Malheur
National Wildlife Refuge.

Management
South Unit Knox Unit North Unit

1974 Mowed & grazed Mowed & grazed Partially mowed
(MG) (MG) (M)

1975 Partially mowed Mowing & grazing Mowed & grazed
(M) prohibited (MGP) (MG)

Six, 9-ha plots were established on each of the three units

using a stratified random technique (Fig. 2). Intensive study of

nesting ducks was conducted on the plots. Additional information was

gathered throughout each unit.

Locations of major types of cover on the iinits were deter-

mined by reconnaissance mapping (Mosby1969:l28) from aerial

photographs. Areas of each type of cover were determined with a

planimete r.

Seven searches for nests of ducks were conducted on each plot

at about 2 week intervals beginning in late April of both 1974 and

1975. Searches were conducted on foot, most by the investigator

with one bird dog although as many as 2 dogs and 16 assistants were

occasionally used. Each plot was searched systematically with the

goal of finding all duck nests; all plots were searched with approxi-

mately equal effort. A lath with colored flagging was placed 10 m



from each active nest. Identities of nests were determined by

sightings of the incubating hen or from characteristics of the eggs,

down and/or nests, Cinnamon and blue-winged teal hens and nests

could not be distinguished, but blue-winged teal drakes were rarely

observed on the study area. Therefore all hens and nests of these

two species were considered as cinnamon teal. The category others"

was used to designate species which nested in low numbers on the

study area including; shoveler, green-winged teal, pintail, American

wigeon, redhead, ruddy duck and unidentified. The stage of incuba-

tion of each nest was estimated (Westerkov 1950, Smith 197 1:15) and

nests were revisited after their calculated hatching dates,

Distributions of nests among types of coverwere subjected to

chi-square analyses (Snedecor and Cochran 1967:236) to test:

independence of years and units; and variation from expected uniform

cListributions among types of cover. Similar applications of the chi-

square statistic are made throughout the data analysis.

Indices of selectivity (Hirst 1975:16) were calculated by

dividing the density of nests on a particular type of cover by the

density of nests on all types of cover. An index value of greater than

1 indicates selection, less than 1 indicates avoidance, and 1 indicates

neither selection nor avoidance.

Numbers of ducklings produced were derived from counts of

hatched eggs. However from some successful nests found prior to
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the completion of laying, the exact number of eggs hatched could

not be determined. These nests comprised less than 19 percent

of the total number of successful nests, and were treated as having

produced the average number of ducklings for their species. Average

sizes of broods were determined using nests for which the total

number of hatched eggs was known. Numbers of ducklings produced

on experimentally versus traditionally managed plots were treated

as binomial probabilities and compared with the z distribution

(Snedecor and Cochran 1967:209).

Breeding pairs of ducks were counted along an established 1600

m census route on each unit. Five counts were conducted on each

unit between 30 April and 22 June 1974. Seven counts were made on

each unit between 25 April and 21 June 1975. Lone drakes, lone hens

and pairs were tallied as breeding pairs. Multivariate analysis of

variance (Morrison 1967) was used to test for differences in mean

numbers of pairs among years, units, years by unit, times within

years, and units by times within years.

Habitat parameters were measured on each unit once in 1974

and 3 times in 1975 at 15 raridomlyselected sites in each type of

upland cover used for nesting byducks. Horizontal indices of cover

were measured at heights of 20, 40, 60, 80, 100, and 120 cm above

ground, from counts of the number of stems and leaves touching the

edge of a 1 m section of rod suspended horizontally with a north-south



11

orientation, Vertical indices of cover were measured at heights of

0 to 10, 10 to 20, 20 to 40, 40 to 60, 60 to 80, 80 to 100, 100 to 120

cm above ground from counts of the number of leaves and stems in

contact with one edge of a vertical rod. Horizontal and vertical

indices of cover correspond to horizontal density (d) and vertical

density (v) respectively of Cody (1968). Other parameters measured

at eachsite included: distance to nearest water; distance to open

water; distance to boundary of type of cover; and average and

maximum height of vegetation within 1 m of the site and the estimated

percentage composition of plant species within 1 m of the site. The

same measurements were taken at nest sites.

Water areas of at least 4 m2 which were free from emergent

vegetation and at least 30 cm deep were considered as open water.

Nearest water was defined as the closest body of water covering at

least 2 m2 and averaging at least 6 cm in depth. Nearest water

included many areas of flooded meadow and water supporting stands

of emergant vegetation.

Water levels were measured at about 10 day-intervals beginning

in early May at 3 permanent ponds on the study area. Water levels

were also measured at all plot corners twice in 1974 and 3 times in

1975. Flooded areas were sketch mapped (Mosby 1969:122) and the

area flooded on each plot determined with a planimeter.



12

Stepwise discriminant analysis (Afifi and Azen 1972:252; Nie

et al. 1970:434) was used to find linear functions of habitat para-

meters which permitted classification of sites into nest or random

(non-nest) catagories. All habitat variables were subjected to

x + 1 transformations to correct for non-normality (Snedecor and

Cochran 1967:325), prior to discriminant analysis. Habitat data

from nest sites were stratified by period of the season when measured

and type of cover, to correspond to similar data from random sites

measured during 3 periods of the 1975 nesting season on three types

of cover. Sufficient numbers of nests were available in 6 of the 9

habitat-period groups for analysis. Six to ten variables were used

in the full analysis. Only variables contributing significantly

(p < 0. 05) to the discriminatory capabilities of the functions were

included in the final models.
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RESULTS

Cove r

Seven types of cover were found on the study area including:

tall grass, short grass, brush with tall grass, brush with short

grass, bulrush-cattail, burreed, and willow thickets (Table 2). Duck

nests were found in all but short grass and willow thickets. Tall

grass provided the densest cover of the three types of upland cover

used for nesting, followed by brush with tall grass, and brush with

short grass (Table 2). The densities of cover provided by the three

wetland types were not measured, However bulrush-cattail gen-

erally provided more visual obscuration than any other type of

cover on the study area. Burreed afforded much less cover and was

not used for nesting on the study plots, although two nests were found

in burreed adjacent to plots on North unit.

Open water accounted for 5. 1 percent of the area of plots on

South unit, 2. 3 percent on Knox unit, and 6. 3 percent on North unit

(Table 3). Tall grass was the most abundant type of cover on all

units. The proportions of types of cover did not differ significantly

(X2 = 8.3, 6 d.f. p> 0. 20) among the study units.

Grazing and mowing reduced the amount of residual cover

available on tall grass and brush with tall grass during the early
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Table 2. Types of cover on the study area and means of sums of
horizontal indices of cover, Malheur National Wildlife
Refuge, 1974 and 1975.

Sums of
horizontal

Type of indices
cover of cover Dominant plant species

Tall grass 22.4 Rushes (Juncus spp,), sedges (Carex
spp.), Creeping Wildrye (Elymus
triticoides), Bluegrass (Poa spp.),
Timothy (Phleum sp.).

Short grass Alkali saltgrass (Disticblis stricta)

Brush with 13.4 Rabbitbrush (Chrysothamnus spp.),
tall grass Creeping wildrye, Giant wild rye

(Elymus cinereus), Sedges.

Brush with 3.0 Greasewood (Sarcobatus vermiculatus),
short grass Alkali saltgrass.

Bu1rush. Hardstem bulrush (Scirp acutus),
cattail Cattail (Typha latifolia).

Burreed Burreed (Sparganium eurocarpum).

Willow Willows (Sali.x spp. ), Creeping wild-.
thickets rye, sedges, rushes, bluegrass.



15Table 3. Types and areas of cover on the study plots by unit,
Maiheur National Wildlife Refuge, 1974 and 1975.

Type of Area in Hectares on Plots
cover South Unit Knox Unit North Unit

Tall grass 30.2 33.0 22.8

Brush with
8.1 2.7 7,5tall grass

Brush with 4.2 8.8 10.7short grass

Bulrush- 4.2 20 3.0cattail

Burreed 3.8 5.4 5.5

Open water 2.8 1.2 3.4

Willow thickets 0. 5 0. 3 0

Short grass 0.1 0.6 1.2

Total 53.9 54.0 54,1

Table 3A. Means and standard errors of means, of sums of hori-
zontal indices of residual cover measured on the study
units in early May of 1975, Malheur National Wildlife
Refuge.

Mowed or Mowed and Grazed Not Mowed or Grazed
Typeof X X

cover N (Standard Error) N (Standard Error)

Tall grass 30 0.67 30 3,43
(0.67) (0.80)

Brushwith 14 1.29 30 8.40
tall grass (0.73) (1.83)
Brushwith 15 0.93 30 1,53
short grass (0. 33) (0. 63)
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nesting period (Table 3A). Grazing intensities were sufficiently

high to make distinction of some grazed versus grazed and mowed

areas difficult. Grazing had a lesser effect on the brush with short

grass type, than on the other upland types of cover.

Breeding Pairs

Patterns of pair abundance among the study units varied little

btween 1974 and 1975 (Table 4). Gadwall was the only species

having a significant difference (F - 3.43; 1,18 df; p < 0.10) in

numbers of pairs observed on the study area (all units combined)

among years. However, Gadwalls declined in number only on South

unit indicating the difference was probably not an effect of year or

management. The decline was not correlated with any variable

measured in this study.

Composition of species of pairs on the study area (all units

combined) varied significantly (x2 7. 38, 3 df, p < 0. 10) between

1974 and 1975 (Table 5). This variation was primarily due to an

increased proportion of mallards (X2 = 3.04; 1 df, p < 0. 10) and

a decreased proportion of gadwalls (X2 4. 06, 1 df; p < 0. 05) in

1975. However, actual changes in the proportion of gadwalls

occurred only on South unit (Table 4).

Total numbers of observed pairs (Figs. 3 and 4) varied among

counts in 1974 (F 3.13; 4, 18 df; p < 0.05) and 1975 (F = 7.25;



Table 4. Means, standard errors f means, and species composition of pairs of ducks observed during counts conducted in 1974 (N = 5) and 1975
(N = 7) at Maiheur National Wildlife Refuge.

Species
Mallard Cinnamon Teal Gadwall Others1 All Species Combined

Unit-Year X X X X X
(Management) (S.E.)Percent (S.E.) Percent (S.E.) Percent (S.E.) Percent (S.E.) Percent

South 1974 6.80 21 8.20 25 8.60 26 9.20 28 32.80 100
(MG)2 (1.53) (1.46) (1.54) (3.25) (5.87)

South 1975 8.29 25 9.43 28 4.57 14 11.28 34 33.57 101
(M) (2.59) (1.13) (0.61) (1.89) (4.83)

Knox 1974 3.80 17 10.0 43 4.40 19 4.80 21 23.00 100
(MG) (0.97) (1.97) (1.36) (1.28) (1.45)

Knox 1975 4.57 18 10.29 41 4.71 19 5.42 22 24.99 100
(MGP) (1.13) (3.28) (1.82) (1.54) (5.32)

North 1974 4.20 17 4.80 20 5.60 23 9.80 40 24.40 100
(M) (0.66 (0.58) (1.29) (3.20) (4.52)

North 1975 6.42 27 6.71 28 5.57 23 5.42 22 24.12 100
(MG) (1.34) (1.76) (2.26) (1.11) (4.47)

1. Species included were: shoveler, green-winged teal, American wigeon, pintail, redhead, ruddy duck and undetermined.

2. Symbols indicating management employed: MG, mowed and grazed; M, partially mowed; and MGP, mowing and grazing prohibited.

:
-J



Table 5. Composition of species of breeding pairs of ducks in 1974 and 1975 at Maiheur National
Wildlife Refuge.

Percent of Percent of Change in percent
Species N 1974 total N 1975 total Between 1974 and 1975

Mallard 74 18.5 135 23.3 + 4.8

Cinnamon
Teal 115 28.7 185 31.0 +3.3

Gadwall 93 23.2 104 18.0 - 5.2

Others' 119 29.7 155 26.8 - 2.9

1. Species included were: shoveler, green-winged teal, American wigeon, pintail,
redhead, ruddy duck and undetermined.
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4, 18 d. f.; p <0.01). The patterns of pair abundance on the study

area (all units combined differed between years. In 1974, no change

in abundance over time was detected. In 1975 the abundance of

pairs on the study area varied with time (F 4. 82; 2, 18 d. f.; p <

0. 025),

Nests

Three hundred, thirty-three duck nests were found on the

study area during 1974 and 1975, of these 251 were located on the

study plots. Cinnamon teal, mallards, and gadwalls were the most

common nesting ducks on the study plots in 1974 and 1975 (Table 6).

Two consistent trends in the composition of nesting species occurred;

a proportional increase in cinnamon teal from traditional to experi-

mental management, and a proportional decrease in gadwalls between

1974 and 1975. However only the proportional change in cinnamon

teal (Table 7)was significant (X2 10. 39; 2 d.f. ; p < 0.01). Among

the 3 patterns of management only MG and MGP management varied

significantly (X2 9.37; 1 d.f.; p < 0.005) in proportions of nesting

cinnamon teal.

Species composition of nests (Table 6) differed significantly

from the species composition of observed pairs (Table 4) on; South

unit in 1975 (X2 = 11.79; 3 d.f.; p <0.01), Knox unit in 1974 (X2

15.16; 3 d.f.; p <0.005) and 1975 (X2 12.13; 3 d.f.; p <0.01),



Table 6. Densities, standard errors of densities and species composition of duck nests on the study plots in 1974 and 1975 at Malheui National Wildlife
Refuge.

South Unit1 Knox Unit North Unit
1974 (MG)2 1975 (M) 1974 (MG) 1975 (MGP) 1974 (M) 1975 (MG)

Nests Per- Nests Per- Nests Per- Nests Per- Nests Per- Nests Per-
Species /ha (S.E.)4 cent /ha (S.E.) cent /ha (S.E.) cent /ha (S.E.) cent /ha (S.E.) cent /ha (S.E.) cent

Mallard 0 (0) 0 0.22 (0.06) 29 0.24 (0.08) 46 0.30 (0.11) 19 0.39 (0.15) 38 0.20 (0.07) 41

Cinnamon
Teal 0.09 (0.05) 29 0.35 (0.15) 46 0.13 (0.06) 25 0.80 (0.27) 52 0.35 (0.06) 35 0.13 (0.03) 26

Gadwall 0.15 (0.07) 47 0.09 (0.04) 12 0.13 (0.04) 25 0.33 (0.11) 22 0.22 (0.08) 22 0.09 (0.07) 19

Others3 0.07 (0.02) 24 0.09 (0.07) 12 0.02 (0.02) 4 0.09 (0.04) 7 0.06 (0.04) 5 0.06 (0.04) 15

Total 0.31 (0.08) 100 0.76 (0.26) 99 0.52 (0.14) 100 1.54 (0.34) 100 1.02 (0.24) 100 0.50 (0.13) 101

1. Total area of plots on each unit is 54 ha.

2. Symbols indicatingmanagement employed: MG, mowed and grazed; M, partially mowed; and MGP, mowing and grazing prohibited.

3. Species included were: shoveler, greenwinged teal, American wigeon, pintail, redhead, ruddy duck and unidentified.

4. Standard error



Table 7. Densities, standard errors of densities and species composition of duck nests on the study plots, bymanagement. Malheur National
Wildlife Refuge, 1974 and 1975.

Mowed and Grazed1 Partially Mowed2 Mowing and Grazing Prohibited3
Nests Standard Nests Standard Nests Standard

Species /ha Error Percent /ha Error Percent /ha Error Percent

Mallard 0.15 (0.04) 33 0.31 (0.08) 34 0.30 (0.11) 19

Cinnamon Teal 0. 12 (0.03) 26 0.35 (0.08) 40 0.80 (0. 27) 52

Gadwall 0.12 (0.03) 28 0.16 (0.05) 18 0.33 (0.11) 22

Otheis4 0.06 (0.02) 13 0.07 (0.04) 8 0.11 (0.04) 7

Total 0.44 (0.07) 100 0.89 (0.17) 100 1.54 (0.34) 100

1. Total area on plots under this management was 162 ha.

2. Total area on plots under this management was 108 ha.

3. Total area on plots under this management was 54 ha.

4. Species included were: shoveler, green-winged teal, American wigeon, pintail, redhead, ruddy duck and unidentified.
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(JJ



and North unit in 1974 (X2 = 32. 04; 3 d. f.; p < 0. 005). However,

when 'others" were eliminated from the calculations only the tests

for Knox unit in 1974 (X2= 8.62; 2 d.f.; p <0.025) and North urit

in 1974 (X2 4.72; 2 d.f.; p < 0.10) remained significant. On Knox

unit the significance was due to a greater proportion of mallard

nests than pairs (X2 = 4. 24; 1 d. f.; p < 0. 05) and a smaller propor-.

tion of cinnamon teal nests than pairs (X2 = 7.83; 1 d.f.; p <0.01).

On North unit the significance was due to a greater proportion of

gadwall pairs than nests (X2 3.63; 1 d.f.; p <0.10). These dif-

ferences among mallards, cinnamon teal and gadwalls may be a

result of differential visibilitie.s of these species. The proportion

of pairs exceeded the proportion of nests of "others" on each unit in

1974 and in 1975. The difference was probably due to the presence

of paired migrants on the study area.

Consistant increases in densities of nests of mallards, cinna-

mon teal, and all species combined occurred between traditional and

experimental management on each unit (Table 6). However only the

increases in mallard nests on South unit, cinnamon teal nests on

North and Knox units and nests of all species combined on Knox unit

appeared significant. Nest densities for each species increased

between the traditional and experimental treatments (Table 7). How-

ever only the increases in nests of cinnamon teal between MG and M

management, and MG and MGP management appeared significant.
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In terms of densities of total nests only MG and MGP management

appeared to be significantly different.

Distribution of Nests Among Types of Cover

Distribution of nests of individual species among the types of

cover on the study plots did not vary significantly between units in

1974 or 1975. However, with all species combined (Table 8),

significant differences in nest distribution occurred between South

and Knox units in 1974(X2 = 2.84; 1 d.f.; p< 0.10) and 1975

(X2 20, 21; 2 d.f.; p < 0.0005), and Knox and North units in1974

(X2 11.00; 3 d. f.; p < 0.025) and 1975 (X2 = 20. 04; 3 d. f.; p <

0. 005). Distributions of nests, of all species combined, among

ty-pes of cover were not significantly different between 1974 and

1975 on any unit. Therefore data for individual species from 1974

and 1975 were combined by unit (Tables 9, 10 and 11).

Significantly greater proportions of mallards (X2 = 6.47; 1 d,f.;

p <0.025), cinnamon teal (X2 3.09; 1 d. f.; p <0.10) and gadwalls

(X2 = 5.56; 1 d. f.; p < 0.025) nested in brush with tall grass on

South unit than Knox unit (Tables 9 and 10). Significantly greater
2proportions of cinnamon teal (X = 9.66; 1 d. f.; p < 0.005) and

gadwalls (X2 5. 13; 1 d. f.; p < 0.025) nested in tall grass on Knox

unit than North unit (Tables 10 and 11). Significantly greater



Table. 8. Distribution of duck nests among types of cover and indices of selectivity for nesting cover, on the study plots in 1974 and 1975, Maiheur
National Wildlife Refuge.

Type of Cover
Tall Grass Brush with Tall Grass Brush with Short Grass Bulrush-Cattail

Unit-Year N S. Index N S. Index N S. Index N S. Index

South-1974 7 0.72 9 3.47 0 0 1 0.75

South-1975 17 0.74 20 3.25 0 0 4 1.25

Knox-1974 18 1.05 5 3.56 3 0.65 2 1.92

Knox-1975 58 1.14 10 2.40 9 0.66 6 1.95

North-1974 15 0.64 21 2.78 8 0.73 11 3.60

North-1975 7 0.62 9 2.44 3 0.56 8 5.34

1. Nesting species included: mallard, cinnamon teal, gadwall, shoveler, green-winged teal, pintail, American wige6n, redhead, ruddy
duck and unidentified.



Table 9. Distribution of duck nests among types of cover and indices of selectivity for nesting cover, on plots on South unit, Maiheur National
Wildlife Refuge in 1974 and 1975.

Type of Cover
Tall Grass Brush with Tall Grass Brush with Short Grass Bulrush-Cattail

Species N S. Index N S. Index N S. Index N S. Index

Mallard 2 0.32 7 3.91 0 0 3 3.23

Cinnamon
16 1.20 7 1.95 0 0 1 0.55Teal

Gadwall 4 0.54 9 4.63 0 0 0 0

Others1 2 0.41 6 4.35 0 0 1 1.41

Total 24 0.74 29 3.35 0 0 S 1.11

1. Species included were: shoveler, green-winged teal, American wigeon, pintail, redhead, ruddy duck and unidentified.



Table 10. Distribution of duck nests among types of cover and indices of selectivity for nesting cover, on plots on Knox unit, Maiheur National
Wildlife Refuge in 1974 and 1975.

Type of Cover
Tall Grass Brush with Tall Grass Brush with Short Grass BuIrush-Catil

Species N S. Index N S. Index N S. Index N S. Index

Mallard 11 0.61 4 2.74 9 1.89 5 4.63

Cinnamon
43 1.39 5 1.99 0 0 2 1.08Teal

Gadwall 16 1.04 6 4.82 3 0.74 0 0

Others1 6 1.38 0 0 0 0 1 3.85

Total 76 1.12 15 2.70 12 0.66 8 1.94

1. Species included were: shoveler, green-winged teal, American wigeon, pintail, redhead, ruddy duck, and unidentified.



Table 11. Distribution of duck nests among types of cover and indices of selectivity for nesting cover, on plots on Noah unit, Malheur National
Wildlife Refuge in 1974 and 1975.

Type of Cover
Tall Grass Brush with Tall Grass Brush with Short Grass Bulrush-Cattail

Species N S. Index N S. Index N S. Index N S. Index

Mallard 2 0.15 10 2.29 8 1.27 12 6.78

Cinnamon
Teal 13 1.18 6 1.69 3 0.58 4 2.77

Gadwall 4 0.58 13 5.68 0 0 0 0

Others1 3 1.00 1 1.08 0 0 3 7.69

Total 22 0.63 30 3.72 11 0.68 19 4.16

1. Species included were: green-winged teal, shoveler, American wigeon, pintail, redhead, ruddy duck and unidentified.
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proportions of gadwalls (X2 9. 24; 1 d. f.; p <0. 005) nested in

brush with tall grass on North unit than Knox unit (Tables 10 and 11).

These data indicated that the extent to which various types of cover

were used for nesting varied among units, and were not significantly

affected by changes in management.

Distribution of nests among types of cover on plots in South

unit differed significantly from the expected uniform distribution for

gadwalls (X2 3.22; 1 d.f.; p < 0.10) and all species combined

(X2 52. 16; 2 d. f., p < 0.0005). The distribution of nests among

types of cover on plots in Knox unit differed significantly from the

expected for mallards (X2 6. 44; 1 d. f.,, p < 0, 025), cinnamon teal

(X2 10.80; 1 d,f., p <0.005), and all species combined (X2 24,17;

1 d. f.,, p < 0. 0005). These differences were reflected in the indices

of selectivity for types of nesting cover (Tables 9, 10 and 11).

Timing of Nesting Seasons

Due to favorable weather, nesting began about 2 weeks earlier

in 1974 than 1975 (Fig. 5). Daily maximum and minimum tempera-

tures at Burns (Fig. 1) averaged 4.2C and 2.1C higherrespectively

during weeks 1 and 2 (31 March to 6 April, 1974; 30 March to 5 April

1975) in 1974 than 1975 (National Oceanic and Atmospheric Adminis-

tration 1974a, b; 1975b, c). Dates on which the first eggs were laid
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Figure 5. Dates on which first eggs were laid in duck nests on the study area in 1974 and 1975,

Maiheur National Wildlife Refuge.
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in the two earliest nests were 4 and 6 April 1974, and 16 and 17

April 1975.

Daily maximum and minimum temperatures at Burns averaged

11.8 C and 5.6 C lower respectively during week 7 (12 to 18 May

1974, 11 to 17 May 1975) of 1974 than 1975 (National Oceanic and

Atmospheric Administration 1974c, 1975d). Cold weather in 1974

probably accounted for the drop in nest initiations during week 7

(Fig. 5). Peak nesting occurred during week 10 (2 to 8 June 1974,

1 to 7 June 1975) of both years.

Mallards (Fig. 6) were the earliest nesters on the study area,

followed by cinnamon teal (Fig. 7) and gadwalls (Fig. 8).

A significantly greater proportion of nests (Fig. 9) were

initiated prior to week 9 on experimentally (M, MGP) managed

units than on traditionally (MG) managed units (X2 = 13. 74; 1 d. f.;

p <0. 0005). This difference was due to significantly earlier nesting
2by cinnamon teal (X = 11. 95; 1 d. f; p < 0. 005) on experimentally

managed units than traditionally managed units (Fig. 10).

Rates of success of active nests varied among periods of the

nesting season, species of ducks, and types of management applied

to the study units (Table 12). Nests initiated prior to week 7 (12

May1974; 11 May 1975) had significantly (X2 6.81; 1 d. f.; p <

0. 01) lower rates of success than later nests (Table 13). The

variation in rates of success among periods of the nesting season
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Figure 9. Dates on which first eggs were laid in duck nests on traditionally and experimentally
treated study units in 1974 and 1975, Malheur National Wildlife Refuge0



21

18
U)

U)

..-. 12
0

-I 9

z
3

Mowed and grazed

I: Partially mowed

fl Mowing and grazing prohibited

1 2 3 5 6 7 8 9 10 11 12 13 14 15

Weeks of the nesting season beginning 31 March 1974 and 30 March 1975

Figure 10. Dates onwhich first eggs were laid in cinnamon teal nests on traditionally and
experimentally treated study units in 1974 and 1975, Malheur National Wildlife
Refuge.

t.)

-J



Table 12. Rates of success of duck nests active at the time of discovery in 1974 and 1975 at Malheur National Wildlife Refuge.

Mallard Cinnamon Teal Gadwall Others1 All Species
Unit-Year Percent Percent Percent Percent Percent
(Management) N Successful N Successful N Successful N Successful N Successful

South-1974 (MG)2 1 0 7 57 5 60 2 50 15 53

South-1975 (M) 9 22 14 29 5 40 6 0 34 24

Knox-1974 (MG) 7 29 3 33 9 78 1 0 20 50

Knox-1975 (MGP) 16 19 44 30 14 29 6 67 80 30

North-1974 (M) 17 35 11 45 13 31 5 40 46 37

North-1975 (MG) 13 31 6 83 5 80 4 50 28 54

All units-74-75 63 27 85 38 51 47 24 38 223 37

1. Species included were green-winged teal,, shoveler, Americanwigeon, pintail redhead, 'ruddy duck, and uthdentified.

2 Sy'nbols MG, M, and MCP, designate mowed and grazed, partially mowed, and mowing aiid grazing prohibited, respectively



Table 13. Fates of active nests by period of nest initiation and management of study units in 1974 and 1975 at Maiheur National Wildlife Refuge

Percent
Predation By Abandoned Due To

Management All Other - All
(Period) N Successful Mammals Birds Unknown Causes Investigator Flooding Unknown Causes

Mowed and Grazed
(Early) 11 27 18 36 18 73 0 0 0 0
(Late) 52 58 13 17 2 33 2 6 2 10

Partially Mowed
(Early) 29 17 28 41 3 72 0 7 3 10
(Late) 51 39 24 18 0 41 6 14 0 20

Mowing and Grazing Prohibited
(Early) 13 23 15 46 15 77 0 0 0 0
(Late) 67 31 18 39 0 57 9 0 3 12

Total
(Early) 53 21 23 42 9 74 0 4 2 6
(Late) 170 42 18 26 0 45 6 6 2 14



corresponds with differences in overall rates of success between

species (Table 12). Mallards had the lowest rate of success;

followed by cinnamon teal, and gadwalls, (Figs. 6, 7 and 8). Also

rates of success of active nests (Table 14) were significantly lower

on M than MG management for gadwall (X2 = 4. 54; 1 d. f.; p < 0. 05)

and all species combined (X2 = 5. 69; 1 d. f.; p < 0. 025), and MGP

than MG management for cinnamon teal (X2 4.08; 1 d.f.; p <0.05),

gadwall (X2 = 4. 91; 1 d. f.; p < 0. 05) and all species combined

(X2 = 6.38; 1 d.f.; p <0.025). These low rates of success under

experimental management correspond with the occurrence of

significantly greater early nesting on experimentally(M, MGP)

managed units than on traditionally (MG) managed units (Fig. 9).

Higher rates of predation on experimentally (M, MGP) managed

units, also contributed to the lower rates of success on these units

(Table 13).

Rates of abandonment (Table 15) increased between 1974 and

1975 for each species, and were significantly higher in 1975 for all

species combined (X2 = 2. 93; 1 d. f.; p < 0. 10). Higher rates of

abandonment in 1975 resulted in lower rates of success on experi

mentally (M and MGP) managed units (Table 14), because 71 percent

of all active nests found on experimentally managed units, were

located in 1975.



Table 14. Fates of duck nests active at the time of discovery in 1974 and 1975 at Maiheur National Wildlife Refuge, by management.

Management of Study Units
Mowed and Grazed (MG) Partially Mowed (M) Mowing and Grazing Prohibited fGP)

Percent Percent Percent
Destroyed by Destroyed by Destroyed by

Species N Successful Predators Abandoned N Successful Predators Abandoned N Successful Predators Abandoned

Mallard 21 29 62 9 26 31 58 12 16 19 75 6

Cinnamon
16 63 31 6 25 36 40 24 44 30 59 11Teal

Gadwall 19 74 21 5 18 33 44 22 14 29 57 14

Others1 7 43 43 14 11 18 82 0 6 67 33 0

Total 63 52 40 8 80 31 53 16 80 30 60 10

1. Species included were: shoveler, green-winged teal, pintail, American wigeon, redhead, ruddy duck and unidentified.



Table 15. Rates of abandonment of duck nests active at the time of discovery in 1974 and 1975, Malheur National Wildlife Refuge.

Mallard Cinnamon Teal Gadw all Other Total
Unit-Year Percent Percent Percent Percent Percent

(Management) N Abandoned N Abandoned N Abandoned N Abandoned N Abandoned

South 1974 (MG)1 1 0 7 14 5 20 2 0 15 13

South 1975 (M) 9 22 14 36 5 60 6 0 34 29

Knox 1974 (MG) 7 0 3 0 9 0 1 0 20 0

Knox 1975(MGP) 16 6 44 11 14 14 6 0 80 10

North 1974 (M) 17 6 11 9 13 8 5 0 46 7

North 1975 (MG) 13 15 6 0 5 0 4 25 28 11

Total 1974 25 4 21 10 27 7 8 0 81 6

Total 1975 38 13 64 16 24 21 16 6 142 15

1. Symbols MG M, and MGP designate mowed and grazed, partially mowed, and mowing and grazing prohibited, respectively.
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Avian predators accounted for 57 percent of the total predation,

mammalian predators accounted for 36 percent, and the causes of

6 percent could not be determined (Table 13). Rates of predation

for all categories of predators decreased between the early and late

nesting periods. The decrease in avian predation (all treatments

combined) was significant (X2 = 4.02; 1 d. 1.; p < 0.05). Ravens

(Corvus corax) were the major avian predators on the study area,

and probably accounted for almost all of the predation on nests

attributed to birds. Crows (Corvus brachyrhynchos) and black-billed

magpies (Pica pica) were present in small numbers, and may have

destroyed some nests.

Coyotes (Canis latrans) and raccoons (Procyon lotor) were the

most common mammalian predators. Long-tailed weasels (Mustela

frenata) were frequently seen, but predation of nests was detected

only twice. Badger (Taxidea taxus) were not observed on the study

area during this research, however, excavations (probably badger)

were found on each unit.

Sixty-nine percent of all abandonment of nests were attributed

to activities of the investigator (Table 13). However the increase in

rates of abandonment between 1974 and 1975 suggested factors other

than the investigator, were involved. Climatic differences between

1974 and 1975 may have had a major influence. Precipitation from

April to July at Burns was 49 percent below normal in 1974 and 47
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percent above normal in 1975 (National Oceanic and Atmospheric

Administration 1974d, 1975a). Much of the precipitation in 1975

fell during intense thunderstorms, saturatingthe soil surface and

causing the formation of temporary puddles in depressions. The

saturation of nests with water may have been responsible for the

high rate of abandonment in 1975.

Water Levels

Flood irrigationof the study area began in late March and

April of both 1974 and 1975. South unit received water approximately

2 weeks later than North and Knox units during both years. The

delay in flooding may be responsible for the relatively low densities

of nests (Table 6) on South unit under both experimental and traditional

management (Schroeder et al. 1976).

No change in the amount of flooded area on the study area was

detected between 1974 and 1975. Flood irrigation of most meadows

and sloughs ceased on 3 July 1974, but continued until about 25 July

1975. Drying of most flooded meadows, sloughs, and temporary

ponds was completed within 1 week in 1974, but took about 2 weeks

in 1975. Despite the extended availability of ponds and sloughs, and

the late initiation of nesting in 1975, the 1975 nesting season was not

prolonged (Fig. 5).
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Depths of water in ponds, sloughs, and flooded meadows

measured periodically during the 1974 and 1975 nesting seasons

indicated fluctuations in water levels occurring within and among

units. However fluctuations were generally small, erratic and

lacking recognizable patterns.

Ducklings Produced

The data points for duckling production were not randomly

distributed, but occurred in groups (broods). Therefore a: high

probability (p < 0.01) was chosen as the minimurn level accepted as

significant for these data. On plots in Knox unit significantly greater

densities of ducklings of cinnamon teal (z = 7.61, p < 0. 000 1),

"others" (z = 6.24, p 0.0001), and all species combined (z 6.09,

p < 0. 0001) were produced under MGP management than MG manage-

ment (Table 16). Significantly greater densities of mallard ducklings

(z = 3. 63, p. < 0.0003) were produced on M managed plots (South and

North units combined) than MG managed plots. The high densities

of ducklings produced under MGP management correspond with

high selection for tall grass on Knox unit exhibited by cinnamon teal

and "others" (Table 10). Similarly the higher densities of mallard

ducklings produced under M than MG management on North and South

units correspond with selection by mallards for types of cover which



Table 16. Numbers and densities of ducklings hatched from nests on study plots by species, unit, and management, Malheur National Wildlife
Refuge, 1974 and 1975.

Mowed and Grazed Partially Mowed Mowing and Grazing Prohibited
Unit Species N Ducklings/ha N Ducklings/ha N Ducklings/ha

South Mallard 0 0 11 0.20
South Cinnamon teal 27 0.50 27 0.50
South Gadwall 27 0.50 8 0.15
South Others1 9 0.17 0 0
South All species 63 1.17 46 0.85

Knox Mallard 27 0.50 16 0.30
Knox Cinnamon Teal 8 0.15 79 1.46
Knox Gadwall 37 0.69 32 0.59
Knox Others .0 0 39 0.72
Knox All species 72 1.33 166 3.07

North Mallard 29 0.54 53 0.98
North Cinnamon Teal 27 0.50 23 0.43
North Gadwall 21 0.39 27 0.50
North Others 14 0.26 20 0.37
North All species 91 1.69 123 2.28

All units Mallard 56 0.35 64 0.59 16 0.30
All units Cinnamon Teal 62 0.38 50 0.46 79 1.46
All units Gadwall 85 0.52 35 0.32 32 0.59
All units Others 23 0.14 20 0.19 39 0.72
All units All species 226 1,39 169 1.56 166 3.07

1. Species included were: shoveler, greenwinged teal, American wigeon, pintail, redhead, ruddy duck and unidentified.
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were unaffected by mowing but disturbed by grazing (brushy uplands

andbulrush-cattail, Tables 9 and 11).

Discriminant Analysis

The number of variables whose means differed significantly

(p < 0.05) between nest sites and random sites, as measured by

univariate F-ratios varied from one to eight among the habitat-

period groups (Tables 17-22). Indices of residual cover, average

heights of cover and maximum heights of cover were consistantly

greater at nest sites than random sites (Tables 23-28). Nest sites

were consistantly closer to the nearest water and open water than

were random points.

The number of variables contributing significantly (p <0.05)

to the discriminate function, as measured by the F ratios to enter,

varied from one to five among the six models (Tables 17-22). Indices

of residual cover were the best single discriminating variables in five

of the six models. A measure of the relative contribution of

each variable to the full model is provided by the F-ratio to remove

(Tables 17-22). Again theindices of residual cover are most

important in five of the six models. All six models have significant

(p< 0. 05) power to discriminate among nests and random points as

measured by exact F-ratio approximations of U (Tables 17-22).

The proportions of variation in the models accounted for by the



Table 17. Stepwise discriminant analysis of habitat parameters measured early in the 1975 nesting season at duck nests and random points in the
tall grass type of cover at Maiheur National Wildlife Refuge. All F-values significant at p < 0.05.

Pre-Model Phase Model Formulation Phase Full Model
Variation accounted

Univariate F Approximation for by the model Percent of
F-Ratio Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Freedom) (Degrees of Freedon relation squared) classified

Horizontalindexof 42.39 1 42.39 28.69 42.39 0.48 88
residual cover (1,54) (1,54) (1,52) (1,54)
at 20 cm.

Horizontal index of 5.95 2 11.46 14.88 31.03 0.57 91
new cover (1,54) (1,53) (1,52) (2,53)
at 40 cm.

Vertical index 22.85 3 11.26 11.26 28.44 0.65 95
of cover (1,54) (1,52) (1,52) (3,52)
from 10-20 cm.

Distance to 9.37
boundary of (1,54) Did not contribute significantly to the model.
cover type

Average height 24.42
of cover (1,54)

Maximum height 13.36
of cover (1,54)



Table 18, Stepwise discriminant analysis of habiLat parameters measured in the middle of the 1975 nesting season at duck nests and random points
in the tall grass type of cover at Maiheur National Wildlife Refuge. All F-values significant at p < 0.05 except those denoted with NS.

Pee-Model Phase Model Formulation Phase Full Model
Univariate Variation accounted

F-Ratio. wUh. F Approximation for by the model Percent of
1 118 . Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Fteedom) (Degrees of Freedom) relation squared) classified

Maximum height 56.39 1 56.39 18.72 56.39 0.33 69
to cover (1,118) (1,114) (1,118)

Distance to 20.56 2 12.85 7.20 37.45 0.39 83
openwater (1,117) (1,114) (2,117)

Horizontal index of 19.22 3 5.48 10.13 27.75 0.42 84
residualcover (1,116) (1,114) (3,116)
at 20 cm.

Horizbntaiindexof 21.10 4 5.97 12.40 23.20 0.45 85
newcoverat4Ocm (1,115) (1,114) (4,115)

Flbr'zóntaUndexof 1.14NS 5 9.55 9.55 21.85 0.49 87
new cover at 20. cm. (1, 114) (1, 114) (5,114)

Distance to nearest 8.90 Did not contribute significantly to the model
water

Distance to boundary
of cover type 11.96

Vertical index of.
cover from.0l0 cm. 4,45

Average height of
cover. 4.01



Table 19. Stepwise discriminant analysis of habitat parameters measured late in the 1975 nesting season at duck nests and random points in the tall
grass type of cover at Maiheur National Wildlife Refuge. All F-values significant at p < 0.05.

Pre-Model Phase Model Formulation Phase Full Model
Unjvariate Variation accounted

F-Ratio with F Approximation for by the model Percent of
1,59 Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Freedom) (Degrees of Freedom) relation squared) classified

Sum of
horizontal indices 25.23 1 25.23 25.23 25.23 0.30 79
of cover (1,59) (1,59) (1,59)

Ui0



Table 20. Stepwise discriminant analysis of habitat parameters measured early in the 1975 nesting season at duck nests and random points in the brush
with tall grass type of cover at Ma1hur National Refuge. All F-Values significant at p < 0.05 except as denoted by NS.

Pre-Model Phase Model Formulation Phase Full Model
Univariate Variation accounted

F-Ratio with F Approximation for by the model Percent of
1,54 Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Freedom) (Degrees of Freedom) relation squared) classified

Horizontal index of 32.40 1 32.40 45.40 32.40 0.38 84
residual cover (1,54) (1,53) (1,54)
at 20 cm.

Distance to 3.71 NS 2 12.73 12.73 26.08 0.50 88
nearest water (1,53) (1,53) (2,53)



Table 21. Stepwise discriminant analysis of habitat parameters measured in the middle of the 1975 nesting season at duck nests and random points in
the brush with tall grass type of cover at Maiheur National Wildlife Refuge. All F-values significant at p < 0.05.

Pre-Model Phase Model Formulation Phase Full (2 Variable) Model
Univariate Variation accounted

F-Ratio with F Approximation for by the model Percent of
1, 79 Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Freedom) (Degrees of Freedom) relation squared) classified

Sum of horizontal 30.64 1 30.64 15.22 30.64 0.28 74
indices of (1,79) (1,78) (1,79)
residual cover

Sum of vertical 26.56 2 11.76 11.76 23.28 0.37 77
indices of (1,78) (1,78) (2,78)
cover

Distance to 5.39 Did not contribute significantly to the model
open water

Average height 18.81
of cover

Maximum height 10.78
of cover

u-I



Table 22. Stepwise disciminant analysis of habitat parameters measured early in the 1975 nesting season at duck nests and random points in the
brush with short grass type of cover at Maiheur National Wildlife Refuge. All F-values significant at p < 0.05 except those denoted by
NS.

Pre-Model Phase Model Formulation Phase Full Model
Unjyariate Variation accounted

F-Ratio with F Approximation for by the model Percent of
1,36 Step F to Enter F to Remove of U (canonical cor- sites correctly

Variable Degrees of Freedom Entered (Degrees of Freedom) (Degrees of Freedom) (Degrees of Freedom) relation squared) classified

Sum of horizontal 139.78 1 139.78 34.90 139.78 0.80 100
indices of (1,36) (1,34) (1,36)
residual cover

Average height 106.15 2 14.40 15.20 103.11 0.85 100
of cover (1,35) (1,34) (2,35)

Distance to
nearestwater 0.O8NS 3 7.47 7.47 83.93 0.88 100

(1,34) (1,34) (3,34)

Sum of vertical 26.06
indices of cover

Maximum height
of cover 9.04

Did not contribute significantly to the model

(7'
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Table 23. Means of variables measured at duck nests and random
points in the tall grass type of cover early in the 1975
nesting season at Maiheur National Wildlife Refuge.

Measurement taken at
Nests Random Points

Variable N Mean N Mean

Distance to boundary
12 13. 7 45 22. 2of cover type

Horizontal index of new cover
1. 0 45 0at 40 cm

Horizontal index of residual
7. 8 45 0. 6cover at 20 cm

Vertical index of cover
12 2.7 45 1. 0from 10-20 cm

Average height of
12 22. 7 45 11. 2cover

Maximum height of
12 79. 4 45 42. 0cover



55

Table 24. Means of variables measured at duck nests and random
points in the tall grass type of cover during the middle
of the 1975 nesting season at Malheur National Wildlife
Refuge.

Measurement taken at
Nests Random Points

Variable N Mean N Mean

Distance to open
79 16. 7 44 32. 6water

Distance to nearest
water 79 8. 0 45 18. 0

Distance to boundary of
79 14.5 45 21. 6cover type

Horizontal indexof new cover
at 20 cm 79 11.6 45 13.3

Horizontal index of new cover
at40cm 79 7 1 45 1 6

Horizontal index of residual
cover at 20 cm 79 8 2 45 3. 3

Vertical index of cover from
0-10 cm 0. 4 45 0. 7

Average height of
78 22. 2 43 18. 7cover

Maximum height of
78 85. 6 43 53. 8cover
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Table 25. Means of variables measured at duck nests and
random points in the tall grass type of cover
late in the 1975 nesting season at Maiheur National
Wildlife Refuge.

Measurement taken at
Nests Random Points

Variable N Mean N Mean

Sum of horizontal indices
16 11.6 45 1.7of residual cover

Table 26. Means of variables measured at duck nests and random
points in the brush with tall grass type of cover early in
the 1975 nesting season at Maiheur National Wildlife
Refuge.

Measurement taken at
Nests Random Points

Variable N Mean N Mean

Horizontal index of residual
12 10.2 44 2.6cover at 20 cm

Distance to nearest
12 22.2 44 28.6water
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Table 27. Means of variables measured at duck nests and random
points in the brush with tall grass type of cover during
the middle of the 1975 nesting season at Maiheur National
Wildlife Refuge.

Measurements taken at
Nests Random Points

Variable N Mean N Mean

Distance to open
37 34 7 44 43 2water

Sum of horizontal indices
37 16. 6 45 6. 2of residual cover

Sum of vertical indices
37 3 7 45 1. 3of cover

Average height of
37 27.4 45 18.1cover

Maximum height of
37 125. 5 45 96. 2cover



Table 28. Means of variables measured at duck nests and random
points in the brush with short grass type of cover early
in the 1975 nesting season at Malheur National Wildlife
Refuge.

Measurements taken at
Nests Random Points

Variable N Mean N Mean

Distance to nearest
8 60.4 30 41.8water

Sum of horizontal indices
8 . 5 30 1. 2of residual cover

Sum of vertical indices
8 4. 30 0. 8of cover

Average height of
8 60.1 30 11.5cover

Maximum height of
8 115.5 30 74. 6cover
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groups (nests and random points) were obtained by squaring the

canonical correlation for each model at each step. The resulting

values ranged from 0. 30 to 0. 88 for the full models (Tables 17-22).

The percent of known cases correctly classified as nest sites and

random points varied from 77 percent to 100 percent for the full

models (Tables 17-22). However these values resultedfrom

classification of cases used to formulate the models, somewhat

lower percentages could be expected from classification of

independent samples.



DISCUSSION

Distribution (Figs. 3 and 4) and abundance (Table 4) of breeding

pairs of ducks on the study area were not affected by restriction of

grazing and mowing. The high mobility of ducks combined with the

small size of the study area probably accounted for this lack of

response.

In response to restriction of grazing and mowing, cinnamon

teal nested earlier (Fig. 10), nested in greater densities (Table 7),

made up a greater proportion of nesting ducks (Table 6) and, when

grazing and mowing were both prohibited (MGP management), in-

creased production of ducklings (Table 16). Increased nesting by

cinnamon teal can be expected on areas where grazing is prohibited

and mowing is restricted to low areas (M management), but the

production of ducklings may remain unchanged due to higher rates

of predation under M than MG management. Cinnamon teal can be

expected to increase production of ducklings and corstituteagreater

proportion of nesting ducks on areas where both grazing and mowing

are prohibited during the previous growing season.

Mallards responded to the restriction of grazing and mowing

with increased densities of nests and, in the case of M management,

with increased production of ducklings (Table 16). More mallard

nesting (Table 7) and increased production of ducklings (Table 16)
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can be expected where mowing is restricted to low areas and

grazing is prohibited. Potential production of mallards (measured

by densities of nests) appeared greater under MGP than MG manage-

ment, but the potential was not realized during this study.

Gadwalls responded to the restriction of grazing and mowing

with increased densities of nests (Table 7), but due to higher

predation, production of ducklings remained unchanged (Table 16).

Again the potential for production of ducklings appears higher when

grazing and mowing are restricted, particularly when both mowing

and grazing are prohibited.

MOthers" showed little response to M management, but

densities of nests (Table 7) and production of ducklings (Table 16)

increased under MGP management. ??OthersH can be expected to

increase densities of nests and production of ducklings where

grazing and mowing are prohibited.

On an overall basis ducks responded to the restriction of

grazing and mowing by nesting earlier (Fig. 9), nesting in greater

densities (Table 7) and, when both grazing and mowing were pro-

hibited, increasing production of ducklings (Table 16). More

duck nesting can he expected under M than MG management, but dur-

ing this study production of ducklings did not vary significantly

between the two patterns of management due toincreased predation
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under M management. The highest densities of nests and the

highest production of ducklings can be expected under MGP manage-

ment.

Restriction of grazing and mowing (M and MGP management)

on the study units resulted in more residual cover available to

nesting ducks but decreased rates of success of nests due to

increased predation. Bennett (1938), Burgess et al. (1965) and

Keith (1961) reported similar findings but Duebbert (1969), Clover

(1956), Kirsch (1969), Oetting and Cassel (1971), and Schranck

(1972) found higher rates of success in heavy cover. Concentration

of food items, on the limited areas of the Blitzen Valley where

grazing and mowing were restricted, probably resulted in concen-

tration of hunting efforts on these areas by predators. Feidhamer

(1977) found higher densities of small mammals on idle meadows

at Malheur National Wildlife Refuge than on grazed and mowed areas.

Similarly I found restriction of grazing and mowing increased

densities of duck nests. The location of the study area in a narrow

valley may have facilitated the exploitation of duck nests by

predators from adjacent areas, especially ravens which nested on

the rimrock buttes around the valley. In addition, predators from

Steens Mountain may have concentrated on the refuge during the

early nesting period when snow covered much of the higher areas

of the mountain.
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The preferred nesting habitat on the study area provided a

high degree of interspersion of water areas with the various types

of cover (Tables 23-28). However discriminant analyses indicated

the most consistantly important characteristic of nest sites was the

density of residual cover (Tables 17-22). Duebbert (1969), Gjersing

(1975), Jarvis and Harris (1971), Kirsch (1969), Leopold (1933),

Page and Cassel (1971), and many others have also noted the impor-

tance of residual cover.

The management patterns used in this study were designed to

provide variation in the amount of residual cover available to nesting

ducks. MGP management provided the most residual cover, M

management provided an intermediate amount of residual cover and

MG management provided the least residual cover. Ducks responded

to the differences in densities of residual cover which existed among

the treatments, by nesting in greatest densities under MGP manage-

ment, intermediate densities under M management and lowest

densities under MG management. Significantly more ducklings were

produced under MGP than MG management. M and MG management

did not differ significantly in the number of ducklings produced.
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