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ABSTRACT

I censused waterfowl and studied their nesting in the Apache-

Sitgreaves National Forest during 1979-1981 to evaluate the effects of

waterfowl habitat improvements in that Forest. Densities and success

rates of nests on man-made islands were high. These islands probably

accounted for much of the increase in the numbers of breeding pairs and

ducklings that I observed during the study. Recommendations are given

regarding the size, shape, placement, construction, and revegetation of

islands. Densities and success rates of nests on uplands were low, and

predation by corvids and coyotes was high. Densities of nests on a

small amount of pristine ungrazed uplands were higher than on grazed

and newly-fenced areas, but success rates were similar. My studies

indicated that the cost-benefits of the fencing projects will be high.

Other habitat improvements that may increase the production of ducks in

the Forest are planting of hardstem bulrush and marsh-blasting.

ix



CHAPTER 1

INTRODUCTION

Although Arizona is located far south of the major breeding

grounds of most North American species of ducks, some nesting does

occur there. The primary nesting areas are in the White Mountains

and adjacent regions in the east-central part of the state (Fleming,

1959:28). Most of these areas are located within the Apache-

Sitgreaves National Forest.

Wildlife biologists at this Forest believed that waterfowl

production was limited by a lack of suitable nesting and brood-

rearing habitat (McKibben, 1976). In response to increasing levels

of consumptive and nonconsumptive demands for wildlife resources,

these biologists initiated a wetland management program designed

primarily to increase the production of waterfowl in the Forest.

This was to be achieved primarily through the construction of nesting

islands and fences.

High densities of nests on islands had been reported for

several of the duck species that nest in the Apache-Sitgreaves National

Forest (e.g., Duebbert, 1966; Drewien and Fredrickson, 1970; Newton and

Campbell, 1975; Johnson, Woodward, and Kirsch, 1978; Giroux, 1981).

Islands usually provide refuge from mammalian nest predators and result

in higher rates of nest success than on upland areas. The value of

man-made islands for increasing waterfowl production has been confirmed

1
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by Uhler (1956), Johnson et al. (1978), and Giroux (1981). Though

several studies found that light grazing of upland areas benefitted

nesting of blue-winged teal (Bennett, 1937; Burgess, Prince, and

Trauger, 1965; Kaiser, Berlinger, and Fredrickson, 1979), or that the

establishment of areas of dense cover may attract predators (Bennett,

1937; Keith, 1961:65; Stoudt, 1969), many studies of upland nesting

ducks had determined that grazing, or any other practice that results

in the regular removal of cover, is detrimental to waterfowl production

(e.g., Capel, 1965; Kirsh, 1969; Mundinger, 1976; Kirsch, Duebbert,

and Kruse, 1978). Kirsch et al. (1978:493-494) summarized the

results of many studies and concluded that "there is strong evidence

that annual grazing or haying should not be allowed on habitats where

maintenance of attractive and relatively secure nesting cover is a

management goal."

In addition to the construction of islands and fencing, the

Apache-Sitgreaves National Forest entered into a cooperative agreement

with the City of Show Low, the Enviornmental Protective Agency, and the

Arizona Game and Fish Department to create a marsh by using second-

arily treated sewage to flood a lowland area called Pintail Lake.

High use of wastewater lagoons in other parts of the country by breed-

ing and migrant ducks (Dornbush and Anderson, 1964; Dodge and Low,

1972; Swanson, 1977) attest to the potential value of such a wetland.

McKibben (1976) predicted that when the entire habitat

improvement program was completed, the production of ducks in the

Forest could increase from the estimated current number of 400 per
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year to an eventual 58,800 per year. Work on these projects began in

1977. The program is approximately 15% completed, and islands or

fences have been constructed on 18 wetlands. The purpose of this

study was to evaluate the effectiveness of the projects that have been

completed and to make recommendations regarding future improvments.

To accomplish this, the objectives of this study were:

1. To quantify breeding populations of ducks, production of

ducklings, and juvenile survival on wetlands in the Apache -Sitgreaves

National Forest and to relate them to the improvement projects and to

other pertinent wetland characteristics;

2. To compare densities and success rates of nests on improved

areas with those on unimproved areas; and

3. To quantify the effects that the habitat improvements have

had on the production of ducks in the Apache-Sitgreaves National

Forest and to determine cost:benefit ratios for the various improve-

ments.



CHAPTER 2

STUDY AREA

The Apache-Sitgreaves National Forest is located in east-

central Arizona (Fig. 1). My study area was primarily in the Lake-

side, Springerville, and Alpine Ranger Districts of this Forest.

Most parts of these three districts are within the White Mountains,

which are near the eastern terminus of the Mogollon Rim. Elevations

extend to 3,520 m at the peak of Mt. Baldy, making the White Mountains

the second highest range in Arizona. Much of the region is a high-

elevation plateau with approximately 775 km2 above 2,743 m (Fig. 2).

Precipitation in the area is generally plentiful, but the

amount that a locality receives is roughly proportional to its eleva-

tion and to its proximity to Mt. Baldy. Winters and summers are wet

and springs are dry. Approximately one-third of the annual precipi-

tation falls during the period from December through March, most of

this as snow. Thunderstorms during July and August account for

another one-third of the precipitation. Temperatures in the area are

cool and vary inversely with the elevation.

The climate at the Seven Springs weather station (2,850 m

elevation, 15.3 km northeast of Mt. Baldy) is typical of that which

exist on many of the wetlands in this area. This station receives an

average of 56 cm of precipitation annually. The mean annual tempera-

ture there is 4 ° C, with average daily extremes of -3 ° C and 11 ° C.

4
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February is the coolest month with a mean temperature of -5°C and

average daily extremes of -12 ° C and 2 °C. July is the warmest month

with a mean temperature of 14 ° C and average daily extremes of 7 and

21 °C (climatological files, Apache-Sitgreaves National Forest).

The major life-zones (Lowe 1964:36-77) that comprise the

region are Upper-Sonoran, Transition, Canadian, and Hudsonian. Plant

communities are dominated at lower elevations (less than 2,380 m) by

pinyon-juniper
1 
woodlands and, at intermediate elevations (2,380-

2,710 m), by ponderosa pine forests. The flora at higher elevations

(greater than 2,710 m) is dominated by mixed-conifer and aspen forests

and by extensive montane glasslands.

The Apache-Sitgreaves National Forest allows grazing on a

permit system on most Forest lands. Cattle are grazed on nearly all

of this land, sheep on the remainder. Grazing is generally on a rest-

rotation basis and is limited in most areas to the period from approxi-

mately 1 June to 15 October. Grazing intensities are moderate on most

upland areas. However, cattle tend to concentrate near wetlands and

over-grazing of vegetation along shorelines and in adjacent emergent

and upland areas is a common result.

Because of the high amount of precipitation that the White

Mountains receive, the area has an abundance of running and standing

water. Headwaters of the Little Colorado, Salt, and Gila Rivers are

1. In Appendix A, I have listed the scientific names of all
plants and animals that I refer to by common name in this Thesis.
Scientific names are from Kearney and Peebles (1951) for plants and
from American Ornithologists' Union (1957), Low (1964), Tate and Kibbe
(1974), Bellrose (1976), and Schmidt and Gilbert (1978) for animals.
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located in the region. Tanks, marshes, and lakes are numerous,

particular above 2,680 m elevation. Most wetlands are either man-

made or man-improved, and were constructed for recreation, irrigation,

or stock-watering. Tanks and marshes above 2,680 m elevation are

generally covered with ice from approximately late October until late

March. These dates are delayed by approximately 2 to 4 weeks for the

larger lakes. Ice-coverage is less complete and of shorter duration

on wetlands at lower elevations. Large lakes (> 75 ha) below 2,225 m

generally do not freeze over completely.

Annual recharge of the wetlands is primarily from snow-melt

during the spring months. Variations in the amount of winter precipi-

tation, therefore, may result in variations in the number and condition

of wetlands that are available to breeding waterfowl. Most of the

wetlands in the area, however, have storage capacities sufficiently

large that extraordinarily wet or dry winters must persist through

several consecutive years to produce unusual water conditions. Nor-

mally, then, most of the wetlands that are of importance to breeding

waterfowl in the area retain at least some water throughout the year.

Carex rostrata is the most abundant emergent plant in the wet-

lands in this area. Northern mannagrass, hardstem bulrush, and spike-

rush are important in some areas. Bladderwort, pondweed, watermilfoil,

water buttercup, and water smartweed are common submergent plants.

The primary habitats in this area that are available to water-

fowl for nesting are:
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1. Uplands: Montane grasslands dominate the uplands that sur-

round most of the wetlands in this area. Plant species that are

characteristic of this habitat are Arizona fescus, mountain muhly, and

pine dropseed. Upland habitats that occur less frequently around the

wetlands are wet meadows, plains grassland, pinyon-juniper woodland,

ponderosa pine forest, and mixed-conifer and aspen forest. Because

of poor soils and, at higher elevations, a short growing season,

vegetative cover on the uplands in this area is not great. This cover

is substantially reduced by over-grazing in many areas. Beginning in

1977, the Apache-Sitgreaves National Forest fenced portions of

uplands adjacent to 18 wetlands to exclude cattle.

2. Emergents: The only species of emergent plant of significant

quantity in this area that has been reported to be of value as nesting

habitat in other studies is hardstem bulrush. Extensive stands of

hardstem bulrush, however, occur on only a few wetlands.

3. Floating islands: Floating mats of organic material that sup-

port dense stands of Carex rostrata have formed extensive floating is-

islands at two lakes. These islands probably resulted from the impound-

ment of marshy stands of C. rostrata. The rise and stabilization of

water levels after impoundment eventually caused the vegetation to die

off. After some decay, the C. rostrata sod peeled away from the bot-

tom of the lake and floated to the surface. It was then recolonized

by C. rostrata. The resulting stands are dense and afford excellent

nesting cover. Most of the larger floating islands are solid enough

for a person to walk upon. McDonald (1955) observed a similar process
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after emergent vegetation in marshes along Lake Erie were killed by

high water levels.

4. Man-made islands: In 1977 and 1978, the Apache-Sitgreaves

National Forest constructed 39 islands on 6 wetlands. These islands

range in size from 0.01 to 0.50 ha; most are smaller than 0.10 ha.

The Forest seeded these islands with various combinations of tall

wheatgrass, smooth brome, orchard grass, sweet clover, and reed

canary grass. These efforts have met with various degrees of success

--some islands afford excellent nesting cover, and some are almost

bare.

5. Natural islands: For all practical purposes, earthen islands

were absent in this area before the Forest Service began constructing

nesting islands in 1977. A few small (less than 0.10 ha), low

islands, however, are present along the periphery of some wetlands

that have shallowly-sloping shorelines.



CHAPTER 3

METHODS

Waterfowl Censuses 

In 1979, I made irregular censuses of waterfowl but as the

study progressed I found that systematic censuses at regular intervals

on selected wetlands were necessary. Therefore, in 1980 and 1981, I

selected 33 wetlands that were generally used the most by breeding

ducks and censused on them bi-weekly. In addition, I censused on

approximately 30 other wetlands on a less frequent and less regular

basis.

For each census I used a 20-power spotting scope at a vantage

point above the wetland. I attempted to identify the species and sex

of each adult bird and I recorded whether it was alone, with a mate,

or grouped with other ducks. I counted the number of young in each

brood sighted and assigned broods to age-classes based on their size

and plumage development as described by Gollop and Marshall (1954). I

did not attempt to distinguish the hens of blue-winged teal or Mexican

ducks from those of cinnamon teal or mallards, respectively, if they

were not accompanied by their mates. I estimated the date of nest

initiation of each brood by back-dating the age of the brood plus the

average total life span for nests of that species. The values that I

used for total life spans of nests were from Klett (1981) (Appendix B).

My procedures for enumerating breeding pairs were generally

those recommended by Dzubin (1969). For dabbling ducks, I considered

11
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each segregated pair, each lone drake, and each drake in groups of not

more than five drakes as an indication of one breeding pair. For each

species, I used only those censuses that I had conducted during the

month prior to the average date of nest initiation of that species. I

considered this to be the period when the greatest proportion of the

species was in the prenesting, laying, or early incubation stages.

Dzubin (1969) believed that these stages were the optimum times for

censusing breeding populations. For better precision, I determined the

average date of nest initiation of each species for each of three

elevation categories and for each year (Appendix C). On each wetland,

I averaged the results of all censuses taken during this month-long

period for each species. In these calculations, I did not consider

those wetlands upon which I had censused less than twice during the

period from 1 May to approximately 5 July.

I interpreted each successful nest that I found to be an indi-

cation of one breeding pair. My counts of successful nests of a species

on a wetland sometimes exceeded the results of my breeding pair censuses

on that wetland. In these cases, I considered the count of successful

nests to be the number of breeding pairs that were present.

Although these procedures were satisfactory for the dabbling

ducks, they would have yielded misleading results if I had used them

for diving ducks. Dzubin (1969) pointed out that enumeration of diving

duck pairs is complicated by loose association of drakes with breeding

pairs, unbalanced sex ratios, high mobility, and the congregation of

breeding pairs on deep ponds used as waiting sites. He concluded that

the best estimate of populations of diving ducks could be obtained
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through a nest count. My observations of the difficulties of assessing

breeding populations of diving ducks in my area agreed with those by

Dzubin, but a complete search for nests on all wetlands that were used

for nesting by diving ducks in this area was not feasible. Instead,

I estimated numbers of their nests from counts of broods. I adjusted

those counts to consider broods not observed and unsuccessful nests by

determining the ratio of broods observed to nests found on the wetlands

upon which I conducted nest searches. I was thus able to approximate

the number of diving duck nests, and therefore, the number of breeding

pairs, on each wetland upon which I censused broods. The brood to nest

ratio was 1:2.50 for redheads (I also used this ratio for canvasback

broods), 1:1.33 for ring-neckeds, and 1:1.18 for ruddy ducks. I assumed

in this method that renesting did not occur among the diving ducks, and

this probably positively biased the results. At least among redheads

and ruddies, however, rates of renesting are low (Weller, 1959; Bellrose,

1976:472), and I believe that this bias was small.

I determined the production of ducklings of each species on each

wetland by summing the number of young that were present in my initial

sighting of each brood. I considered a brood sighting to be a duplicate

of a previous sighting if comparisons of the ages of the broods and the

number of young made that a reasonable possibility. I did not calculate

production on wetlands upon which I had censused less than twice during

the period from 1 June through 31 August. For the cinnamon teal-blue-

winged teal and the mallard-Mexican duck populations, I assigned produc-

tion for each species, or sub-species, on each wetland in proportion to

the number of breeding pairs that I had censused earlier in the season.
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For wetlands upon which I had found nests, I included the num-

ber of ducklings hatched from nests in the production figures. I dis-

regarded subsequent sightings of broods that I determined could have

been products of those nests. I was unable to determine the number of

ducklings that were produced from nests that had hatched prior to the

time of discovery, so I arbitrarily assumed that seven ducklings hatched

from each such nest.

Measures of the economic values of waterfowl are concerned not

with ducklings, but rather with flying birds (Hammack and Brown, 1974:

4-39). Therefore, to determine cost:benefit ratios for the various

habitat improvements, it was necessary that I determine the number of

fledging ducks that resulted from these improvements. For this reason,

and because my nesting study provided information only on the number of

ducklings that hatched, it was important to estimate the proportion of

ducklings in this area that survived to the fledging stage.

I used two different methods to estimate this survival rate.

For one method, I compared the average number of young that hatched

from nests and the average number of young that were in broods of the

different age classes. Ideally, the decrease in the average numbers of

young through the period of development approximated the amount of

duckling mortality. The major problem associated with this method is

that it assumes that complete losses of broods do not occur. Ball et

al. (1975) determined that exclusion of the "zero" size category for

broods inflated their estimates of juvenile survival in their area by

38% for wood ducks and 30% for mallards. Dzubin and Gollop (1972)

determined that only 48% of newly-hatched mallard broods reached water
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broods reached water at their Kindersley, Saskatchewan study area, and

66% of those broods that reached water survived to fledging.

Realizing this limitation, I calculated duckling survival rates

by an additional method. I calculated the total number of young

observed in each age class. I then divided this by the length (days)

of the particular age-class to adjust for the different time spans of

the classes. This should have provided the number of ducklings in each

age-class relative to the number of ducklings in the other classes.

I assumed that the mortality of ducklings from the nest to age class la

was the same as that which I calculated in the previous method. This

method is not without its problems. Several investigators have observed

that broods become less secretive with increasing age (Bengtson, 1971b;

Ringelman and Flake, 1980). This increased observability of older

broods would have biased upward the survival rate as estimated by this

method. Conversely, and I believe more importantly, growth of emergent

cover and reduced fieldwork during the latter parts of the brood seasons

tended to decrease my probabilities of sighting older broods. This

would have biased downward the estimated survival rate.

Because of the problems that were associated with the two

methods that I used for calculating the rate of duckling survival, I

consider both of them to be seriously biased. The biases are predict-

able, however, and should be positive for the first method and negative

for the second. The results of the two methods, therefore, should pro-

vide bounds for the actual survival rate.
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Nest Studies 

I conducted two intensive nest searches on nine wetlands in

1979, three searches on eight wetlands and four searches on one in

1980, and three searches on eight wetlands in 1981. I searched on

seven of these wetlands during each of the three years and on three

during 1 or 2 years. In addition, I spot checked for nests in 1981 on

nine other wetlands.

On wetlands that I intensively searched for nests, I searched

adjacent uplands within 100 m of shore. In 1981, I searched out to

distances of up to 200 m from shore on some areas. I searched all man-

made and natural islands and some or all emergent vegetation that was

suitable for nesting. I searched for nests on island, emergent and

wooded upland habitats by walking systematically across the areas and

by inspecting likely localities. I tried to cover the areas intensively

enough and to create enough disturbance that any nesting hens in the

area would flush. This method was time consuming and impractical on the

large expanses of grassland that were characteristic of many areas.

With the aid of a field assistant, I searched for nests in such habitat

by dragging an 18-m long rope over the cover. To create additional

disturbance for flushing hens, I attached pairs of tin cans at 7-dm

intervals along the rope.

Information that I collected from each duck nest included the

number of eggs, incubation stage, and the height-density of the vegeta-

tion at the nest site. I recorded the distance to water for nests on

uplands and islands. I did not attempt to distinguish between the nests

of blue-winged teal and cinnamon teal. Considering the small proportion
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of blue-wings in the combined populations of these two species, I

recorded all nests of the two species as cinnamon teal. Similarly, any

nests of Mexican ducks that I may have found I recorded as mallard

nests. I estimated the incubation stages of nests by candling the

eggs (Weller, 1956). I backdated the number of days of incubation plus

1 day for each egg laid to estimate the date of nest initiation. I

added the number of days that remained in the incubation period to the

present date to determine the expected date of hatching. The values

that I used for average incubation periods for the various species of

ducks were from Klett (1981) (Appendix B).

To facilitate relocation, I placed markers by most of the nests

that I found. Picozzi (1975) however, observed that crows are attracted

to nest markers, and that higher rates of predation may result from

their use. Therefore, I attempted to mark nests as inconspicuously as

possible. I usually marked nests that were on uplands or on sparsely

vegetated islands with a stick or small cairn of rocks placed approxi-

mately 2 to 4 m from the nest. Nests on floating islands, in bulrush,

and on man-made islands with heavy cover were harder to relocate and I

found it necessary to use markers that were more conspicuous--usually

red flagging tape tied to the vegetation approximately 1 m from the

nest. These habitats were mostly predator free and only two nests of

approximately 235 thus marked were subsequently depredated.

To minimize disturbance of the nest and hen, I normally did not

recheck nests until after the expected dates of hatching. I made excep-

tions to this if I was uncertain of the species identity of a nest or,

if the clutch was incomplete, to determine the eventual clutch size.
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I determined the fates of nests by the appearance of the nest

and shell remains. Descriptions by Rearden (1951) and Sooter (1946) of

the remains of nests destroyed by various nest predators aided me in

identifying predators of nests in this study.

I calculated rates of nest success by Miller and Johnson's

(1978) modification of the method proposed by Mayfield (1961, 1975).

In this method, a daily survival rate for nests in the sample is calcu-

lated and is projected through the average life-span of a successful

nest. The result is the probability that a newly initiated nest will

survive to hatching. This method avoids the positive bias that usually

results from the traditional method for calculating nest success

(dividing the number of successful nests found by the total number of

nests found) (Hammond and Forward, 1956; Mayfield, 1971).

For the same reason that the traditional method of estimating

nest success overestimates the true rate (unsuccessful nests are less

likely to be found than are successful nests), the traditional method of

determining nest density (dividing the number of nests found by the

area searched) underestimates the true density. Miller and Johnson

(1978) described a more realistic method for estimating nest densities

and I used it in my analyses. In this method, the number of successful

nests in the sample is divided by the Mayfield estimate of the success

rate to determine the total number of nests that had been initiated in

the area.

In order that the results of this study may be compared with

those of other studies, I have included in this thesis nest success

and density estimations as determined by the traditional methods.
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Vegetational Analysis 

I modified the method of Robel et al. (1970) for measuring the

height and density of vegetation to use in this study. For this method,

I placed a pole that was marked every half-decimeter along its length

vertically in the vegetation and recorded the lowest mark that was

visible. Robel et al.'s method involved taking readings from one direc-

tion at distances of 2.0, 3.0, and 4.0 m and from heights of 0.5, 0.8,

and 1.0 m. They determined, however, that the single reading taken at

a height of 1.0 m from a distance of 4.0 m provided "an extremely

reliable measure of the height and density of the vegetation." I there-

fore decided to record only this one reading, but from four directions

at each location. I used the average of these four readings at each

location as the value for the height-density of the vegetation at that

location.

I measured the height-density of the vegetation at most nest

sites to determine cover preferences of nesting hens and to evaluate the

importance of nest concealment as protection from nest predators. I

established transects on several wetlands to quantify the nesting cover

and to determine the extent that it was affected by grazing. Most

transects were 100 m long and perpendicular to the shore. Island tran-

sects and some upland transects were shorter. I took readings every 4.0

m along the transects. To quantify the effects of grazing on nesting

cover I established pairs of transects along some fencelines--one on

each side of the fence.

To supplement these data, in 1981 I analyzed vegetation at

various other sites on eight study areas. This enabled me to map the
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zones of different height-densities of cover on each study area and then

to determine the area present for each such zone.

Measurements of Wetland Features

I measured the shoreline length of wetlands with a measuring

wheel on aerial photographs. To this figure, I added shoreline lengths

of man-made islands as determined by pacing and of floating islands as

determined by estimation. I determined the area of water surface and

the area of upland regions with a planimeter on aerial photographs. I

determined the area of man-made islands and of emergent habitats by

pacing, and the area of floating islands by rough pacing and by estima-

tion. I determined elevations from topographical maps.



CHAPTER 4

RESULTS

Use of Pintail Lake by breeding ducks was exceptionally heavy

in 1980 and 1981. I believe that the large amount of data on breeding

pairs, nests, and broods that I collected there would make meaningless

similar data that I collected elsewhere if all data were combined.

Therefore, in some of the following results and discussions I have,

where indicated, treated Pintail Lake separately from the other wetlands.

Numbers of Breeding Pairs

Numbers of breeding pairs that I censused on 19 wetlands,

excluding Pintail Lake, decreased by 4% from 1979 to 1980 and then

increased by 74% from 1980 to 1981 (Table 1). Inclusion of data from

Table 1. Numbers of breeding pairs of ducks counted on 20 wetlands that
were censused in each of 3 years in the Apache-Sitgreaves
National Forest and vicinity

19 Wetlands Pintail Lake Total

1979 235.9 2.3 238.2

1980 225.9 44.2 270.1

1981 394.2 192.0 586.2

21
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Pintail Lake revealed a 13% increase in the breeding pair populations

from 1979 to 1980, a 117% increase from 1980 to 1981, and a total

increase of 146% from 1979 to 1981.

An expanded and more systematic census in 1980 and 1981 enabled

me to gather data from approximately 32 other wetlands. These data

indicated a 61% increase of breeding pairs from 1980 to 1981 when the

Pintail Lake data were excluded and a 94% increase when they were

included (Table 2)

Numbers of Nests Found 

I found 51 duck nests in 1979, 84 in 1980, and 320 in 1981--a

total of 455 nests (Table 3). Eight species of ducks were represented

in these totals, or nine assuming that one or more of the cinnamon teal

nests was actually that of a blue-winged teal. I found more nests of

cinnamon teal and of mallards than of any other species. Most of the

year-to-year increase in the numbers of nests found was because of an

Table 2. Numbers of breeding pairs of ducks counted on 52 wetlands in
the Apache-Sitgreaves National Forest and vicinity

51 Wetlands
	

Pintail Lake	 Total

1980 322.6 44.2 366.8

1981 519.2 192.0 711.2
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Table 3. Numbers of duck nests found in the Apache-Sitgreaves
National Forest and vicinity

Mal Pin Gad Cit Gwt Red Rnd Rud Unid a 	Total

Study areas, excluding Pintail Lake 

1979	 8	 1	 7	 1	 18	 2	 9	 1	 47

1980	 4	 3	 3	 7	 2	 10	 1	 9	 39

1981	 8	 4	 3	 22	 8	 20	 5	 16	 1	 87

	

Total 20	 7	 7	 36	 11	 48	 8	 34	 2	 173

Pintail Lake 

1979	 3	 3

1980	 10	 3	 7	 15	 4	 4	 43

1981	 57	 23	 18	 52	 26	 2	 15 	 193

	

Total 67	 26	 25	 67	 33	 2	 0	 19	 0	 239

All study areas and all other wetlands 

1979	 8	 1	 1	 7	 4	 18	 2	 9	 1	 51

1980	 14	 6	 10	 24	 6	 10	 1	 13	 84

1981	 79	 28	 21	 88	 36	 25	 7	 34	 2	 320

	Total 101	 35	 32	 119	 46	 53	 10	 56	 3	 455

	a Mal = mallard	 Cit = cinnamon teal 	 Rnd = ring-necked duck

	Pin = pintail	 Gwt = green-winged	 Rud = rudy duck
	Gad = gadwall	 teal	 Unid = unidentified

Red = redhead
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extreme increase of nesting at Pintail Lake. Most of the nests that I

found were on man-made islands (Table 4).

Nest Densities 

Nest densities were highest on island and in bulrush habitats,

low in miscellaneous emergent, and lowest on upland habitats (Table 5).

Densities of nests were greater on ungrazed uplands than on grazed

uplands (p < 0.55). All of the nests that I found on upland areas were

of dabbling ducks. All but one of the nests that I found in bulrushes

were of diving ducks. Most of the dabbling duck species, especially

mallards and gadwalls, preferred to nest on man-made islands rather

than on uplands. Green-winged teal appeared to select upland sites

more than other species. Floating islands, at least at Basin Lake,

were preferred by gadwalls, redheads, ring-neckeds, and ruddies but

appeared to be avoided by pintails and teal.

Densities decreased with increasing distances from water (Table

6), but, probably because of the small sample sizes, this relationship

was not statistically significant at p < 0.05. Nest densities were

higher on wooded uplands than on grasslands, but again probably because

of small sample sizes, this difference was not significant (p > 0.05).

Compared to grasslands, wooded uplands appeared to have been favored by

mallards and green-winged teal and avoided by cinnamon teal.

Nest densities on man-made islands and on uplands were much

lower if the Pintail Lake data are excluded (Table 7). Nest densities

varied somewhat from year to year, with densities generally lowest in

1980 and highest in 1981. Considering data combined from all wetlands,
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-1	 -1
Table 6. Duck nests ha year as estimated by Miller and Johnson's

(1978) method on upland habitats in the Apache-Sitgreaves
National Forest, 1979-1981

Distance
to

Water (m) Mal Pin Gad Cit Gwt Total

Grassland

0-50

51-100

100+

0.02

0.01

0.02 0.19

0.06

0.03

0.02

0.06

0.03

0.24

0.13

0.07

Total 0.01 0.01 0.10 0.04 0.15

Woodland, open

0-50 0.10 0.38 0.48

51-100 0.06 0.26 0.32

Total 0.07 0.29 0.36

Woodland, dense

0-50

51-100 0.34 0.12 0.46

Total 0.28 0.09 0.38

All uplands

0-50 0.02 0.01 0.15 0.06 0.25

51-100 0.02 0.03 0.04 0.10 0.19

101+ 0.03 0.03 0.07

Total 0.01 0.02 0.07 0.08 0.18
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Table 7. Nests per hectare as estimated by Miller and Johnson's (1978)
method, Apache-Sitgreaves National Forest

Pintail
Lake	 Pintail

Excluded	 Lake
	 Total

Upland

1979 0.17a 0.17a

1980 0.14a 0.19a 0.15a

1981 0.24a 0.33a 0.24a

Average 0.19 0.26 0.19

Man-made Island

1979
1980
1981
Average

3 • 87a
3.42a
11.99b
6.67

1.87 a

	

32.61 a 	14.05 b

	163.95
b	

67.55 c

	

98.28	 33.69

Floating Island

1979 160.16a 150 • 16a

1980 114.82a 114.82 a

1981 220.82a 220 • 82a

Average 176.65 176.55

Bulrush

1979 101.27a 101
•
27

a

1980 69.62a 69
•
62a

a
1981 56.96a 56

• 96

Average 75.95 75.95

a,b,c. Figures in the same column and within the same habitat
with different superscripts are statistically different
(p < 0.05). Figures without superscripts were not
analyzed.
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however, only the increase of nest densities on man-made islands was

statistically significant (p < 0.05).

Nest densities were generally higher when calculated by Miller

and Johnson's method (Table 7) than when calculated by the traditional

method (Table 8).

Fates of Nests 

I excluded from calculations of nest fates those nests of

undetermined success (39) and those that I believed failed as a result

of my disturbance (10). In addition, the Mayfield method for determin-

ing success rates of nests does not consider nests that had been termi-

nated before the time of discovery because they contribute no days of

exposure. I found 111 such nests. The success rate of the remaining

295 nests was 67.6% (Table 9). The rate of avian predation, totally

from crows and ravens, was 12.0%. The predation rate of mammals was

4.0%, and 1.4% of the nests were destroyed by unidentified predators.

The desertion rate was 13.4%. One nest (0.7%) in an ungrazed upland

area was terminated when the hen was apparently stepped upon by a tres-

pass cow.

Sign left at nest sites (shell remains or hairs) that I could

attribute to a specific mammalian predator almost always implicated

coyotes. The only exceptions were three raccoon depredated nests that

I found on the stock-tank island in Sponseller Lake during my only

visit to that lake on 17 June 1981. I believe that most or all depre-

dations that I attributed to an "unidentified mammal" were from coyotes.

Though uncommon, raccoons, striped skunks, badgers, and gray foxes
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Table 8. Nests per hectare as estimated by the traditional method,
Apache-Sitgreaves National Forest

Pintail
Lake
Excluded

Pintail
Lake Total

Upland

1979 0.05 0.05
1980 0.04 0.16 0.06
1981 0.08 0.22 0.10
Average 0.06 0.08 0.08

Man-made Island

1979 3.45 3.45
1980 3.05 32.61 13.68
1981 10.68 163.95 65.80
Average 5.95 98.28 32.81

Floating Island

1979 139.34 139.34
1980 106.56 106.56
1981 204.92 204.92
Average 163.93 163.93

Bulrush

1979 101.27 101.27
1980 69.62 69.62
1981 56.96 56.96
Average 75.95 75.95
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were present in the area and could have accounted for some of these

depredations.

According to Hensler and Nichols (1981), at least 20 nests are

needed in each sample for statistical analysis of nest success rates.

Therefore, I was able to determine significant differences between suc-

cess rates only for the four primary nesting habitats--uplands, manmade

islands, floating islands, and bulrush. Also, the statistical test

that I used (Johnson, 1979; Hensler and Nichols, 1981) is applicable

only for success rates and, conversely, the composite rate of destruc-

tion. Individual categories of nest destruction cannot be considered.

However, general trends may be identified in the nest data without the

benefit of statistical tests.

Of the primary nesting habitats, nest success rates were highest

on man-made islands and lowest on uplands. The predation rate of 73.0%

on upland areas was higher than on any other, and the upland habitat was

the only one on which I definitely encountered mammalian predation.

Corvids destroyed 28.1% of nests initiated on upland areas, mammals

destroyed 39.3%, and unidentified predators destroyed 5.6%. There was

little difference in nest fates between grazed and ungrazed upland

areas. Predation by corvids was locally common on man-made islands and

was uncommon on floating islands. Bulrush was the only habitat in which

I encountered no definite evidence of nest depredation.

Fates of nests were generally similar from year to year. One

exception, however, was an increase of corvid depredation of nests on

man-made islands, excepting those at Pintail Lake, from 0.0% in 1979 to

at least 75.8% in 1981. An opposite trend occurred at Pintail Lake,
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however, and combining the data from all wetlands showed an overall

decrease of corvid depredation from 18.7% in 1980 to 10.0% in 1981.

Use of the traditional method of nest success estimation (Table

10) resulted in higher rates of success on all major habitats than did

the Mayfield method (Table 9). For my data, success rates as estimated

by the traditional method were up to 525% greater than those estimated

by the Mayfield method. The bias tended to increase with decreasing

success rates. Nest data analyses by the traditional method may be of

some value for comparative purposes, but are apparently of little value

in many cases for estimating reality.

Production of Ducklings 

I estimated the number of ducklings that were produced on 24

wetlands in 1979 and on 35 in 1980 and 1981. For 17 wetlands (exclud-

ing Pintail Lake) upon which I estimated production during each of the

3 years, production decreased by 21% from 1979 to 1980 and then

increased by 91% in 1981 (Table 11). Including Pintail Lake with these

data yielded increases of 16% in 1980 and 181% in 1981.

Data from all 35 of the wetlands that I censused in 1980 and

1981 provided a better estimate of production during those 2 years.

Production estimates increased by 63% from 1980 to 1981 when Pintail

Lake was excluded and 143% when Pintail Lake was included (Table 12).

Duckling Survival 

Neither of the methods that I used to estimate the rate of

duckling survival were satisfactory. The biases I discussed earlier

were large and the results from both methods appeared to be too extreme.
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Table 11. Numbers of ducklings counted on 18 wetlands that were
censused in each of 3 years, Apache-Sitgreaves National
Forest and vicinity

17 Wetlands	 Pintail Lake	 Total

1979	 859	 7	 866

1980	 677	 331	 1,008

1981	 1,292	 1,544	 2,836

Table 12. Numbers of ducklings counted on all wetlands that were
censused, Apache-Sitgreaves National Forest and vicinity.--
Includes data from 24 wetlands in 1979 and 35 wetlands in
1980 and 1981

Pintail Lake
Excluded
	

Pintail Lake	 Total

1979	 922	 7	 929

1980	 927	 331	 1,258

1981	 1,512	 1,544	 3,056
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For all species combined, survival of ducklings from the nest to

fledging was 0.773 when based on the average number of young per brood

in each age class, and was 0.186 when based on the total number of

young seen per age-class. Because the results of the two methods were

biased in opposite directions, they provided lower and upper bounds

that should have enclosed the true rate of survival. I found fewer

dead ducklings during my fieldwork than I would have expected had rates

of duckling mortality been high. This, and my observations of high

survival of a few individual broods, provide some evidence that the

true rate of survival was closer to 0.773 than it was to 0.186.

Correlation of Wetland Features with Breeding Pair 
Use and Production of Ducklings 

I related my estimates of breeding pairs and duckling produc-

tion on individual wetlands, as well as my estimates of breeding pairs

per hectare of water and duckling production per hectare of water for

these same wetlands, with several wetland features. I used a multiple

regression procedure that included measurements of the following fea-

tures as independent variables: size (area of water), shoreline

length, shoreline development (shoreline length/area), elevation, area

of man-made islands, area of floating islands, area of all man-made

and floating islands, area covered by hardstem bulrush, and wetland

class (based on water permanence; see Stewart and Kantrud (1971)).

Neither the area of man-made islands on a wetland nor the area

of floating islands were of significance in quantifying breeding pairs

or production of ducklings (Table 13). But the variable created by

combining the areas of man-made and floating islands was the most



37

Table 13. Correlation of wetland features with breeding pair use and
production of ducklings, Apache-Sitgreaves National Forest
and vicinity, 1979-1981 a

ratio r2 Prob -value
b

Total Pairs

Area of all islands +13.349 0.092 <0.001
Shoreline length +11.030 0.062 0.001
Year 7.858 0.001
Elevation + 7.121 0.044 0.009
Shoreline development - 6.637 0.044 0.011

Pairs per Hectare

Elevation +13.550 0.091 <0.001
Size of wetland - 9.532 0.056 0.003
Year 7.748 0.001
Area of all islands + 7.145 0.045 0.009

Total Ducklings Produced

Area of all islands +18.134 0.126 <0.001
Shoreline development -18.664 0.112 <0.001
Shoreline length +11.880 0.065 0.001
Wetland class - 3.719 0.026

Ducklings Produced per Hectare

Area of all islands +14.968 0.103 <0.001

Area of bulrush + 5.223 0.035 0.024
Size of wetland - 5.420 0.035 0.022
Wetland class - 4.660 0.011
Shoreline length + 4.541 0.028 0.035

a. Only those wetland characteristics with a significant
(p < 0.05) correlation are listed. Area of man-made islands
were not significant in any of the analyses. Sign of the

F-ratio indicates the relationship of the correlation.

b. Prob-value - probability that the correlation is not
statistically significant.
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consistent of any of the variables considered for predicting total num-

bers and densities of breeding pairs and duckling production. In fact,

it was the only independent variable that was significant in predicting

each of the 4 dependent variables. This is testimony to the importance

of island habitats to the waterfowl that breed in this area.

In these analyses, r 2 values were relatively low for most of

the independent variables. It is obvious that the variables I consid-

ered were but few out of the many that ultimately determined wetland

use and production by waterfowl. Other important variables probably

included cover and composition of aquatic vegetation, density of

adjacent upland cover, amount of shallow water, food resources, and

human recreational use.

Vegetational Analysis 

Vegetational height-densities were generally greater on

ungrazed sides of fences than on grazed sides (Table 14). This was

particularly true for areas around Basin Lake that had been fenced off

for about 40 years. However, contrasts in areas where fencing had

been constructed in 1977 or 1978 were much less distinct, even in those

instances where statistically significant differences were discernible.

Because of the relatively xeric conditions that predominated on most

upland areas, it appeared that the 4 years from 1977 to 1981 were too

few to allow for much of a vegetational response. Exceptions occurred

in some low-lying areas, such as at Sierra Blanca Lake transect S,

where the soil was more fertile and water more plentiful. These more

mesic conditions allowed a quicker vegetation response after the
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Table 14. Vegetation height-densities on the grazed sides of fences
and on the adjacent ungrazed sides, Apache-Sitgreaves
National Forest 

Age of
Fence in
1979
(years) 

Vegetation Height-density (dm)

Site Year Grazed Ungrazed Difference 

Basin Lake

Salt House Marsh

Sierra Blanca Lake (E) 1

Sierra Blanca Lake (S)

40	 1979	 0.45	 1.00	 0.55a
1980	 0.53	 1.61	 1.08a
1981	 0.52	 2.01	 1.'°

a

Avg.	 0.50	 1.54	 1.04

1

1

St. Joseph Reservoir (NE) 1

St. Joseph Reservoir (SW) 1

1979	 0.34	 0.55	 0.21a
1980	 0.72	 0.73	 0.02
1981	 0.57	 0.64	 0.08
Avg.	 0.54	 0.64	 0.10a

1979	 0.37	 0.76	 0.39a
1980	 0.46	 0.99	 0.52a
1981	 0.67	 0.98	 0.31a
Avg.	 0.48	 0.90	 0.69a

1979	 0.54	 2.16	 1.62a
1980	 0.57	 2.52	 1.95a
1981b	1.57	 3.54	 1.97a
Avg.	 0.88	 2.73	 1.84a

1980	 1.01	 1.10	 0.09
1981	 0.93	 0.82	 -0.11
Avg	 0.99	 0.96	 -0.02

1980	 2.14	 2.38	 0.24
1981	 1.34	 2.09	 0.75
Avg	 1.74	 2.23	 0.50

Pintail Lake
	 2
	

1980	 0.57	 0.58	 0.02
1981	 0.16	 0.36	 0.20a
Avg	 0.35	 0.47	 0.12

a. Statistically significant at p < 0.05.

b. There was no grazing on this allotment in 1981.
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exclusion of cattle. Also, low-lying areas were used more heavily by

cows and so benefitted more from fencing than did other areas.

Vegetation height-densities were greater on man-made islands

than on the adjacent uplands (Table 15). This was probably a result

of the richer soils on the islands, the general absence of grazing on

islands, and the seeding efforts by Forest Service personnel on the

newly-constructed islands.

Relationship between Vegetative Height-densities 
and Nest Densities on Islands 

I used a multiple regression analysis to determine the rela-

tionship between vegetative height-densities and nest densities on

islands. This analysis revealed a significant, positive relationship

(Table 16). Excluding the data from Pintail Lake, however, no rela-

tionship existed. This was because the four islands at St. Joseph

Reservoir were well vegetated, but were too small, low, and wet for

duck nesting. Exclusion of these data revealed a significant relation-

ship between vegetative cover and nest densities on the remaining

islands. Considering only data from Pintail Lake, cover on the islands

was significantly correlated with nest densities. The r 2 value of

this relationship was 0.504, indicating that a strong relationship

existed.

Size of islands were compared with nest densities in each of

the wetland groupings in Table 16. Island size was not significantly

related to nest densities in any of the analyses.
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Table 15. Vegetation height-densities on man-made islands and on the
adjacent uplands, Apache-Sitgreaves National Forest

Vegetation Height-density (dm)

Site
	 Year	 Island	 Upland	 Difference

East of Big Lake	 1980	 0.69	 0.74	 -0.06

1981	 1.81	 0.94	 0.88a

Avg.	 1.27	 0.84	 0.43a

Pintail Lake	 1979	 4.62	 0.50	 4.11a

1980	 5.15	 0.74	 4.41a

1981	 4.88	 0.41	 4.47a

Avg.	 4.91	 0.52	 4.39a

Salt House Marsh	 1980	 1.87	 0.81	 1.06a

1981	 1.55	 0.84	 0.71a

Avg.	 1.71	 0.73	 0.98a

St. Joseph Reservoir	 1980	 2.98	 1.31	 1.67

1981	 3.80	 1.06	 2.74a

Avg.	 3.41	 0.99	 2.42a

a. Statistically significant at p < 0.05.
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Table 16. Correlation of vegetation height-density and area of
man-made islands with densities of duck nests, Apache-
Sitgreaves National Forest, 1979-1981

F-rat ioa r2 Prob-value
b

All Wetlands

Vegetative height-density +16.711 0.311 0.001
Size - 1.668 0.031 0.205

Pintail Lake

Vegetative height-density +13.228 0.504 0.003
Size - 1.966 0.070 0.186

All Wetlands Except Pintail Lake

Vegetative height-density -0.321 0.014 0.577
Size -0.437 0.020 0.516

All Wetlands Except Pintail Lake, St. Joseph Reservior

Vegetative height-density +11.322 0.400 0.004
Size - 1.100 0.039 0.310

a. Sign of the F-ratio indicates the relationship of the
correlation.

b. Prob-value = probability that the correlation is not
statistically significant.
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Relationships between Nest Environments 
and Nest Fates

To better understand the relationships between nest fates and

the environmental conditions at the nests, I measured the (1) height-

density of vegetation in the general vicinity of nests, (2) height-

density of the vegetation at nest sites, and (3) distance from nest to

water. I determined the mean value of each of these variables for

nests in each of the categories of nest fates. I did not include the

data from the islands at Pintail Lake in these comparisons because

doing so would have increased the variances of the results. I compared

means within two nesting habitats--man-made islands and uplands.

Sizable differences in vegetation height-densities at the

nest sites and in the vicinity of nests existed among nests of differ-

ent fates (Table 17). Probably because of low sample sizes of nests,

however, none of these differences were statistically significant at

p < 0.05. Successful nests in both habitats were characterized by

vegetation height-densities at the nest site that were greater than at

depredated nests. Concealment of nests, therefore, particularly on

islands, probably aided in deterring depredations.

Production of Ducklings on the 
Major Nesting Habitats 

Production of ducklings on the various nesting habitats cannot

be measured only on the basis of nest success or of nest densities.

These two rates must, instead, be considered together. In Table 18, I

have calculated the number of ducklings that were produced per hectare

of habitat per year from 1979 through 1981. Because conditions that
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Table 17. Nest environment at duck nests of various fates in the
Apache-Sitgreaves National Forest, 1979-1981. -- Data
from the islands at Pintail Lake have been excludeda

Vegetation
Height-density

Distance to
Water (m)Nest Vicinity

Islands

Hatched 3.86 2.11 2.46

Avian depredated 2.56 2.67 3.06

Depredated by avian or
undetermined predators

2.47 2.56 2.83

Uplands

Hatched 2.92 0.742 69.1

Avian depredated 1.96 0.713 60.6

Coyote depredated 2.55 0.686 65.5

All mammalian depredations 2.48 0.956 58.9

All depredations 2.40 0.883 66.2

Deserted 2.08 0.917 67.0

All failures 2.36 0.872 66.7

a. None of the data within habitats were statistically
different at p < 0.05.
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Table 18. Number of ducklings produced ha-1 year-1 on nesting habi-
tats in the Apache-Sitgreaves National Forest, 1979-1981.
-- The grazed grassland category includes areas that had
been ungrazed since 1977

Avg. No. of
Nests per
Hectare
per Year

Rate of
Nest
Success

Young per
Successful
Nesta

No. of Young
per Hectare
per Year

Grassland

Grazed 0.10 11.1 8.17 0.09
Ungrazed 0.53 2.7 8.17 0.12

Total 0.15 8.3 8.17 0.10

Woodland 0.36 17.3 8.00 0.50

All Uplands 0.18 10.2 8.08 0.15

Man-made Island 33.69 84.2 8.89 252.18

Floating Island 176.65 52.6 5.67 526.84

Bulrush 75.95 62.3 7.06 334.06

Carex 9.76 100.0 5.00 48.80

a. Because of small sample sizes, I did not compute the average
number of young per successful nest on grazed grasslands
separately from that on ungrazed grasslands.
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exemplified a pristine ungrazed area were present only at Basin Lake,

I considered all other areas to be "grazed."

Duckling production per hectare was greatest on the floating

island habitat and lowest on uplands. Wooded uplands were more pro-

ductive than were grasslands. Ungrazed uplands produced slightly more

ducklings per hectare than did grazed uplands.



CHAPTER 5

DISCUSSION

Effects of Man-made Islands 

Ducks in the Apache-Sitgreaves National Forest clearly pre-

ferred to nest on man-made islands and on floating islands instead of

on upland areas. Nest densities on the man-made islands were 184

times that on the uplands. The results of this study and others have

indicated that ducks have developed this tendency because islands usu-

ally provide refuge from mammalian predators (Young, 1968; Bengtson,

1970) and, thus, rates of nest success are higher on islands than on

upland areas. I have found no studies in the literature that documented

lower success rates of nests on islands than on the surrounding uplands.

Natural selection should therefore favor those ducks with tendencies

for island nesting. Where islands are present, then, it would be

expected that ducks will favor them for nesting in lieu of upland

habitats.

The relatively heavy cover on the islands that I studied was

probably an additional attractant for nesting ducks. Many studies have

indicated that ducks prefer to nest in dense cover. Kirsch et al.

(1978;492) concluded from their own studies and from those reported in

the literature that "upland nesting ducks are selective for tall, dense

grassland habitat for nesting," and that "we have not found grassland

vegetation that was too tall and dense for use by nesting ducks nor

have we found evidence that such conditions exist in the prairies."

47
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Loafing sites are an important requisite for the territorial

establishment of dabbling ducks (e.g., Hochbaum, 1944:56-78). Shore-

lines provided by islands in this area were used as loafing sites by

dabbling ducks as well as by diving ducks. These shorelines may have

been particularly important on wetlands where other loafing sites were

lacking. Through an increase in the number of loafing sites, then,

the presence of islands on a wetland would permit greater densities of

breeding waterfowl. This would explain, to some extent, why nests are

found in greater densities on islands than on samples of upland areas

that include data from wetlands without islands.

Return of nesting hens and homing of first-year females prob-

ably contributed to the high densities of nests that I observed on the

man-made islands. In Manitoba, Sowls (1955:27) found that at least

27% of the adult hens of five species of dabbling ducks that nested in

his area returned the next spring. Homing rates of adult hens were

determined to be as high as 89% for mallards by Bishop, Humburg, and

Andrews (1978) in Iowa, and to have been a minimum of 42% and 25% for

mallards and black ducks, respectively, by Coulter and Miller (1968)

in Maine. Doty and Lee (1974) believed that almost all surviving

mallard hens that nested on their North Dakota study area returned to

nest in subsequent years. Mendall (1958:118-119), working on ring-

neckeds and Doty and Lee (1974) on mallards determined that hens that

nested successfully were apparently more likely to return to the same

area to nest the next year than were unsuccessful hens. Considering

the high rates of nest success on the islands in this area, then,

return rates of hens that nested on islands were probably high. This
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would have reinforced the conditions that resulted in the high den-

sities of nests on the islands in this area. Additionally, a lower

proportion of the ducklings that are fledged in an area can be expected

to home back to that area the next year to breed (Sowls, 1955:36; Lee

and Kruse, 1973; Sellers, 1973; Doty and Lee, 1974; Bishop et al.

1978). The large number of ducklings that were produced on island

habitats in this area probably resulted in correspondingly large num-

bers of yearling ducks that homed back to breed. These ducks may not

have returned precisely to their natal marshes, the result being an

increase in numbers of breeding ducks in the general area. This may

have accounted in part for the progressive increases in the numbers of

breeding ducks that I observed during this study. Some of the

increase, however, probably resulted from pioneering birds that were

attracted by the islands. Whether from homing or from pioneering,

though, I believe that a major part of the 146% increase in the breed-

ing population from 1979 to 1981 occurred because of the newly-

constructed islands. External factors, however, such as poor habitat

conditions that were reported by T. L. Myers (1981, pers. commun.) in

waterfowl breeding areas near Flagstaff, Arizona (220 km northwest of

my study area) in 1981, may have accounted for some of the increase of

the breeding population in my area.

Predation by corvids was the primary cause of nest failure on

the man-made islands. At 11.3%, however, the rate of corvid predation

was less than half that observed on the uplands. This low rate may

have been attributable to the methods that crows and ravens apprently
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use to find many duck nests. Kalmbach (1937), Furniss (1938), Steel,

Dalke, and Bizeau (1956), and Long (1970:109) found that rates of crow

predation on duck nests were not related to the degree of nest conceal-

ment, indicating that crows don't locate duck nests by random searches.

Hammond and Forward (1956), Preston (1957), and Milonski (1958)

believed that corvids located many duck nests by observing the move-

ments of hens to and from their nests. We would expect, then, because

hens that walk to and from nests on islands should be less conspicuous

to watching corvids than those that fly to and from nests on uplands,

that the rate of avian predation would be lower on islands. In addi-

tion, the vegetative cover in this area was denser on the islands than

on the uplands and probably helped to conceal movements of the hens as

well as the nests themselves. In northcentral Arizona, Myers (1982:

67-68) believed that the movements of hens that nested on islands were

concealed by dense and continuous vegetation and by the presence of

other ducks that used the islands for loafing. He believed these to be

the reasons that nest predation by crows and ravens was much less fre-

quent on islands in his area than on the adjacent uplands. The wary

habits of crows and ravens may have contributed to their lower rates of

predation on island nests. These birds rarely allowed close approach

and seldom foraged in situations where their visibility of possible

danger was limited. Corvids, then, may have avoided islands because

the heavier cover there and the islands' domed shapes would have

restricted their vision.

The benefits afforded by islands resulted not only in increased

production of ducklings, but may also have increased duckling survival.
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Islands were commonly used as loafing sites for broods. Such sites

were determined by Beard (1964) and Bengtson (1971b) to be important

for ensuring the suitability of wetlands for broods. Additionally,

broods on wetlands in this area frequently used islands for escape

cover, particularly where suitable emergent cover was lacking.

Effects of Fencing Projects 

Analysis of the effects of grazing on the density and success

of duck nests in this area was difficult. One reason for this was a

scarcity of pristine ungrazed areas. Only at Basin Lake, where 22.90

ha of uplands had been ungrazed for approximately 40 years, was there

an opportunity to evaluate the effects that the exclusion of cattle

grazing from duck nesting areas may eventually have. Most other

ungrazed areas had been fenced off too recently to allow much of a

vegetational response. My small sample size of upland nests made my

analyses of duck nesting on upland areas even more difficult. During

the three field seasons, I found only 61 nests on the uplands, 26 of

which were terminated before the time of discovery. This small sample

size was insufficient to detect some differences in nest densities and

fates that probably existed between grazed and ungrazed areas among

the various categories of upland habitats.

Despite these difficulties, I found that the density of nests

on ungrazed uplands was statistically greater than on grazed uplands

(p < 0.05). Much of this difference, however, was attributable to data

from Basin Lake and Pintail Lake. Fencing at Basin Lake had been in

place for approximately 40 years. The resulting vegetative cover was
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much heavier than on areas that had been protected from grazing since

only 1977 or 1978 on other wetlands. At Pintail Lake, the large num-

bers of breeding duck pairs in 1980 and 1981 resulted in unusually

high densities of nests on the predominantly ungrazed uplands there.

I believe, then, that data from these two wetlands were not representa-

tive of conditions that resulted from the recent fencing projects on

other wetlands. Excluding data from Basin and Pintail Lakes, nest

densities were 0.09 ha on grazed uplands and 0.20/ha on ungrazed

uplands. This difference was not significant at p < 0.05.

The success rate of nests on ungrazed uplands did not differ

statistically from that on grazed uplands (p > 0.05). Predation by

coyotes or corvids was high on all upland areas. The scarcity of

pristine ungrazed areas made it impossible to determine how the exclu-

sion of cattle may ultimately effect the success of duck nesting.

Before these effects may be evaluated, additional research is needed

as the vegetation responds to the recent fencing projects.

Forty years of protection from cattle grazing on some upland

areas around Basin Lake resulted in dense vegetative cover that I

believe will eventually occur on the recently fenced areas (Fig. 3).

The effects that these fencing projects may eventually have on water-

fowl production may therefore have been realized at Basin Lake. I

compared the results of nest-searches on the ungrazed areas around that

lake with those from all other grassland areas, lumped together as

"grazed" areas. Nest densities and success rates were 0.54/ha and

2.7% respectively, in the ungrazed areas and 0.10/ha and 11.1% in the

"grazed" areas. Only the difference between nest densities was
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statistically different (p < 0.05). Based on these results, I believe

that fencing projects in the Apache-Sitgreaves National Forest will

eventually increase the number of ducklings that are hatched. This

increase may be small, however, because it appears that predation

rates will remain high even as the vegetative cover increases. Capel

(1965), Duebbert (1969), and Schranck (1972) attributed higher rates of

nest success on areas with heavy cover to restriction of predator move-

ments caused by the dense vegetation. Upland cover that was dense

enough to restrict predator movements was not present in my area and

will probably not result from the fencing projects.

Errington (1942) observed that birds that renest following the

destruction of their first nest have a rate of pair success (propor-

tion of pairs that are successful in producing young) that is greater

than their rate of nest success. Sowls (1955:137) and Glover (1956)

found that upland nesting ducks are persistent renesters. Balser,

Dill and Nelson (1968) estimated that renesting by blue-winged teal,

mallard, and gadwall compensated for approximately half of the nest

losses in their study. It is likely, then, that the proportion of

pairs that nested on uplands in my area that produced broods was

greater than the 10.2% success rate that I observed for nests on

uplands. It is likely, also, that differences in rates of pair suc-

cess that existed between habitat types were less than the differences

in rates of nest success that I observed.

Breeding Waterfowl Use of a Sewage Effluent Marsh 

In 1977, the Apache-Sitgreaves National Forest built 14 nesting

islands at Pintail Lake that aggregated 1.10 ha, constructed 2 dikes
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that divided the basin into 3 separate ponds, and fenced off most of

the surrounding uplands. Effluent discharge began in the fall of 1979

and water levels were good throughout the 1980 and 1981 breeding sea-

sons. Various plant species were planted on the islands and shorelines

to provide food and cover for waterfowl. Excellent nesting cover was

established on the islands by 1979. An algal bloom slowed the estab-

lishment of aquatic plants, but stands of giant burreed became lush

along some shorelines by the end of the 1981 growing season. Volun-

teer beds of spikerush grew increasingly dense and extensive in 1 pond

during the 3 years of this study.

The response of breeding waterfowl to these conditions has been

dramatic. I estimated that 1,544 ducklings, or 76.4 ducklings per

hectare were produced in 1981. This was only the second season after

the lake had begun to receive sewage effluent. These totals far sur-

passed those from any other wetland that I studied. The density and

success rate that I observed for nests on the islands in 1981 were

163.95 nests/ha and 96.8%,respectively. During my review of the pub-

lished literature, I found only one study that documented a higher den-

sity of nests of a wild-nesting population of ducks (Henry, 1948), and

I found no studies that documented a higher rate of nest success.

High use of sewage effluent marshes by waterfowl has been docu-

mented also by Dornbush and Anderson (1964), Dodge and Low (1972), and

Swanson (1977). Uhler (1964:646) and Swanson (1977) indicated that

waterfowl are attracted to these wetlands by the large quantities of

aquatic invertebrates that result from the enriched environment. I

believe that the large quantities of invertebrates that were present at
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Pintail Lake during the spring and summer of 1980 and 1981 was a major

attraction for the waterfowl that used that wetland. The importance

of invertebrates as a source of protein and calcium for nesting hens

has been documented by Krapu (1974, 1979) and Krapu and Swanson (1975).

Girard (1941), Bengtson (1971a), Courcelles and Bedard (1979), and

Joyner (1980) believed that the abundance of invertebrates was impor-

tant in determining the distribution of spring migrant or breeding

ducks in their areas. My observations and casual sampling of inverte-

brates during this study verified the abundance of immature and adult

midges and corixids (water-boatmen) at Pintail Lake. Midges are an

important food item in many areas for adult ducks during the summer

(Bartonek and Hickey, 1969a; Bengtson, 1971a; Siegfried, 1973; Krapu,

1974; Swanson, 1977; Danell and Sjoberg, 1980) and are also important

for ducklings (Chura, 1961; Bartonek and Kickey, 1969b; Bengtson,

1971a; Danell and Sjoberg, 1980).

In addition, the islands at Pintail Lake and the exceptionally

dense cover on them undoubtedly attracted many nesting ducks. As I

discussed earlier, numbers and densities of breeding ducks and of

ducklings in this area were highly correlated with the presence of

islands. Furthermore, densities of duck nests and vegetation densi-

ties on the man-made islands in this area were directly related. Only

on the floating islands at Basin Lake was there vegetative cover and

nest densities that were comparable to that at Pintail Lake.

The successful nesting season at Pintail Lake in 1980 resulted

in a large production of ducklings, some of which undoubtedly returned
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there to nest the next year. This probably accounted for some of the

large number of ducks that nested at Pintail Lake in 1981.

Cost-benefits of Habitat Improvements 

I calculated that 1,913 ducklings hatched during the 3 years

of this study from nests on the 34 man-made islands that I studied.

Had the islands not been present, certainly some of the ducks would

have nested on the uplands. But considering the success rate of 10.2%

for nests on uplands, few ducklings would have resulted from these

nestings. I will assume, therefore, that almost all of the 1,913

ducklings were a direct product of the man-made islands. Assuming a

cost of $2,000 per island (McKibben, 1976), these ducklings were pro-

duced at a cost of $78,000, or $35.55 per duckling. McKibben consi-

ered the life expectancy of the islands to be 50 years. Projecting

the production rate of the last 3 years through 50 years, 31,883

ducklings will have been produced at a cost of $2.13 each.

I determined previously that the pristine ungrazed areas

around Basin Lake produced 0.03 more ducklings per hectare than did

other grassland areas. I believed that this difference was similar to

the benefits that will eventually result from the recent fencing pro-

jects. However, because the low rate of nest success on the Basin Lake

ungrazed areas was not significantly different from that on the other

glassland areas, I will assume that the difference resulted from sam-

pling variation. Assuming equal rates of nest success, then, 0.29

more ducklings per hectare would have been produced on the ungrazed

areas around Basin Lake than on other grassland areas. If this benefit
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is eventually realized on the 33.34 ha of newly fenced uplands that I

studied (excluding Pintail Lake and uplands greater than 100 in from

water), 9.7 extra ducklings per year will result. Approximately 7.18

km of fences were constructed to protect these areas, at a cost of

$2,000 per mile (McKibben, 1976). Assuming that these fences will

exist for 50 years, and that 10 years will be required for an adequate

vegetational response, 388.0 ducklings will be produced at a cost of

$8,900, or $22.99 per duckling. These costs do not include the loss

of grazing fees paid to the Apache-Sitgreaves National Forest by

cattle ranchers. Nor do they include benefits to non-game animals or

improvement of aesthetic qualities that result from the exclusion of

cattle grazing.



CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

Man-made Islands 

Benefits of Islands

This study indicated that islands are extremely important for

the production of ducks in the Apache-Sitgreaves National Forest. To

reiterate previous discussions, I believe that the reasons for this

are: (1) the islands provide partial relief from the high rate of

nest predation that is characteristic of upland areas; (2) only on

the islands is the vegetative cover dense enough to attract high den-

sities of nesting ducks and to provide adequate concealment from nest

predators; (3) the presence of islands increases the amount of shore-

line that is available for territorial establishment by dabbling ducks

and also (4) provides shorelines that are used as loafing sites by

diving ducks and by duck broods; and (5) broods frequently use islands

for escape cover.

Such benefits should be realized from almost all islands, man-

made or floating. Where the needs are recognized and islands are con-

structed accordingly, man-made islands can have two additional benefits.

These are:

1. Many of the small wetlands in this area and parts of some of

the larger ones are covered with continuous stands of emergent

59
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vegetation. Such areas received little use from breeding waterfowl.

Interspersion of open water with emergent vegetation is necessary for

maximum use by marsh birds (Weller and Fredrickson, 1974). Moats

formed by pushing up earth to build islands in areas choked with emer-

gent vegetation would create a more desirable ratio of open water to

anergents (Fig. 4).

2. The moats that surround man-made islands retain water for some

time after the remainder of the wetland may go dry. These areas may

be important for brood rearing on wetlands that go dry before the

summer rains begin in early July.

Size, Shape, and Placement of Islands

In a previous discussion, I indicated that a certain proportion

of nesting hens and the ducklings they produce will return to the same

areas to nest in subsequent years. Thus, the high rates of nest suc-

cess and densities that are characteristic of islands in this area

could eventually result in crowding of breeding pairs on some wetlands.

It is predictable that a lack of shoreline on some such areas would

limit the number of pairs of ducks that could establish territories

there. For this reason, it would be desirable to create islands in

sizes and shapes that would maximize the amount of shoreline produced.

Such islands, however, would be more vulnerable to wave erosion. To

maximize the longevity of an island, its ratio of surface area to

shoreline must be maximized. Considering these conflicting observa-

tions, appropriate compromises may be V-shaped or long, linear islands

that point into the direction of the prevailing winds. Exposure of
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shorelines to oncoming waves would thus be reduced, and the islands

would still retain a surface area to shoreline ratio desirable for

maximizing numbers of territorial pairs. Additionally, islands may

be positioned relative to each other such that some of them are

shielded from waves. Islands that are constructed on the larger, more

open lakes where wave action is greater should be larger than those on

other wetlands and their shoreline development should be decreased.

These islands should be built on the windward sides of the lakes, and

they should be clustered together. Giroux (1981) determined that

clustering of islands increased their vulnerability to mammalian preda-

tors. I found little evidence of mammalian predators on islands in

this area, however, and I believe that this concern is not important

here. Clustering of islands, as opposed to spacing them across a wet-

land, should not diminish their use by nesting ducks because hens

apparently will nest in choice habitat even though it may be a long

distance from their territories (Bue et al. 1952; Duebbert, 1969;

Newton and Campbell, 1975). Consideration of wave erosion is not as

important on small, marshy areas, but it should not be ignored. The

high water levels and windy conditions that are characteristic of the

spring months in this area result in erosive conditions on even the

smallest marshes. Islands that are constructed in areas of emergent

vegetation should be spaced in such a manner as to maximize the inter-

sperson of open water and emergents.

As a precaution against mammalian predators, islands should

ideally be located at least 170 m from the mainland, and should be

surrounded by water depths of at least 70 cm (Giroux, 1981). Islands
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that are constructed on many of the smaller marshes in this area, how-

ever, will have to be situated less optimally. Johnson et al. (1978)

believed that islands located in emergent vegetation and with low pro-

files would attract fewer predators. The past tendency in the Apache-

Sitgreaves National Forest, however, has been for construction of

islands with profiles so low that they are totally submerged during

periods of high water and are soggy at other times. Such islands do

not vegetate well, are avoided as nest sites by ducks, and have short

life expectancies. All islands should be built high enough to remain

dry through all predictable water levels.

The size of islands did not affect the densities of nests on

them in this study. Hammond and Mann (1956), however, believed that

0.002-0.007 ha islands would have higher densities of nests than

larger islands. Keith (1961:79) observed that islands that were at

least 0.02 ha received the highest use by nesting ducks. Giroux (1981)

recommended islands that were 0.1 ha. To achieve reasonable longevity,

I believe that islands constructed in the Apache-Sitgreaves National

Forest should have a minimum area of 0.03 ha.

Construction of Islands

Emergent Carex rostrata beds typically have sods that are thick

and strong. Islands built from this material have chunky topographies

that result in slow, uneven revegetation of the Islands. Carex sod

should be broken up, perhaps by discing, before it is used to form

islands.
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Heavy equipment can be used to compact islands after they are

built. This will result in a more erosion resistant island (Jones,

1975; Giroux, 1981).

Revegetation of Islands

The increase in the rate of nest predation by corvids that I

observed on man-made islands (excepting those on Pintail Lake) from

1979 through 1981 may indicate that corvids are learning to associate

the islands with high densities of duck nests. Because rates of avian

depredation on island nests were negatively correlated with the height-

densities of the vegetation at the nest sites, the establishment of

good cover on the islands is particularly important. Also, nest den-

sities on the man-made islands in this area were highly correlated

with the amount of vegetative cover that was available on the islands.

I found very few nests on poorly vegetated islands.

Considering these facts, I believe that production of ducklings

on many of the man-made islands in the Apache-Sitgreaves National

Forest is currently but a fraction of what it would be if good cover

were present on all of the islands. Additionally, vegetative cover is

important for preventing soil erosion on the islands. The establish-

ment of good cover, therefore, is vital to the success of the man-made

islands and it should be given high priority. Relative to other steps

in improving waterfowl habitat in the Forest, the costs of island

revegetation are low, but the benefits are high.

Seeding should be done immediately after the islands are con-

structed and the success should be evaluated. If not completely
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successful, initial seedings should be followed by as many reseedings

as are necessary to establish good cover. Newly-built islands should

be mulched to help prevent erosion and to provide a better environment

for the germination and growth of the seeded plants. Most of the

cover species that the Forest has planted on its islands have done

well once they became established. Tall wheatgrass, smooth brome, and

reed canary grass have been particularly successful.

On the higher elevation wetlands, compaction of residual cover

by the winter snow pack could inhibit duck nesting the next spring.

On these areas, it would be advisable to include a coarse-textured

species, such as sweet clover, in the seedings. Residual sweet clover

does not provide good cover, but it may help reduce compaction of the

more desirable species. The same result may be obtained by covering

parts of islands with slash (M. Wilhelm, 1981, pers. commun.). This

should be done sparingly, however, as blue-winged teal (Bennett, 1938:

105-106) and perhaps other species of ducks may avoid nesting in

brushy situations.

Predator Control on Islands

Devastation of nesting duck populations on once productive

islands by predators that discovered these prey-rich environments have

been reported by Bent (1907), Hammond and Mann (1956), and Duebbert

(1966). Fates of nests on at least the islands that receive the great-

est use by nesting ducks should be monitored each summer. If nest

losses should become excessive in an area, efforts should be taken to

trap and remove the offending animals. If island-visiting habits
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should become widespread within the coyote populations in this area,

the duck nesting efforts on the man-made islands would suffer drasti-

cally. In the case of mammalian predators, elimination of only one

or two individuals may alleviate the problem. This is probably not

the case for avian predators, and I doubt that they could be effec-

tively controlled by trapping. Avian predation, however, should not

be a problem if good cover is established on the islands.

Fencing Projects

Effects of Fencing

My studies of the effects of fencing on duckling production

were inconclusive. It appears that higher densities of duck nests

will probably develop eventually on fenced areas, but the effects of

fencing on nest success, and hence on duckling production, is unclear.

If rates of nest success on the ungrazed areas decline to the low rate

that I observed on the pristine ungrazed areas at Basin Lake, duckling

production will be similar to that on the grazed areas and no benefits

will be realized. If success rates remain the same as they are now,

fencing projects will result in a production increase of 0.29 ducklings

per hectare, and a cost-benefit of $22.99 per duckling. If success

rates increase on fenced areas, duckling production and cost-benefits

will become more favorable. Once the vegetation responds to the

exclusion of grazing, additional studies should clarify the effects of

the fencing projects on the production of ducklings.

Cattle probably affected duck production in this area through

grazing and trampling of shoreline vegetation. Over-use by cattle
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in some areas has resulted in mud shorelines that are devoid of vege-

tation. Such shorelines are generally avoided by waterfowl pairs

(Girard, 1941); Griffith, 1948; Bue et al., 1952; Smith, 1971). In

the absence of grazing, however, shorelines may become too overgrown

for use by breeding pairs (Griffith, 1948; Bue et al., 1952; Sowls,

1955:70, 72; Keith, 1961:50). Moderate intensities of grazing, then,

may be necessary to maintain optimum shoreline habitat in this area.

Fencing projects may be useful in regulating grazing intensities

along the shorelines to create or maintain favorable shoreline

habitat.

Placement of Fences

Fencing of upland areas in the Apache-Sitgreaves National

Forest is of benefit primarily to cinnamon and green-winged teal.

Cover that is dense enough to attract mallards or gadwalls is probably

not attainable on the uplands in this area. During this study, I

found only 1 gadwall nest on an upland area. Eight of the 10 mallard

nests that I found on the uplands were under the cover of trees,

shrubs, or logs. Fencing would not significantly improve such cover.

Pintails select nest sites that have sparse vegetation more often than

do other species (Bellrose, 1976:271) and would probably not benefit

much from the establishment of denser nesting cover.

I generally did not search for nests that were farther than

100 m from water and so I can not compute an unbiased estimate of

average distance to water for nests on my study areas. But I found

that densities of teal nests were almost twice as great within 50 m of
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water than in areas that were 50-100 m from water. Myers (1982:38)

reported that 83% of the cinnamon teal nests that he found were within

50 m of water. All of the cinnamon teal nests that Anderson (1960)

found were within 45.7 m of water. Keith (1961:50) found that green-

winged teal nests were closer to water than most other upland nesting

species and averaged 19.8 m from water. Green-winged teal nests that

Ellig (1955) found averaged 15.5 m and 35.7 m from water in grass and

greasewood habitats, respectively. Fencing of areas within 50 m of

water should benefit most of the teal that nest in the Apache-

Sitgreaves National Forest.

Wetlands do not necessarily have to be completely enclosed by

fencing to benefit duck nesting, but areas within the fences should be

large enough that they will not be subjected to high intensities of

predator use. At least 10 ha of uplands should be included within

fences on each wetland that is fenced.

Other Techniques of Improving Waterfowl Habitat 

Planting of Hardstem Bulrush

My discussion thus far on the effects of man-made islands and

fencing on duck nesting have applied primarily to dabbling ducks.

Diving ducks generally prefer to nest in emergent vegetation and could

not be expected to benefit much from improvements pertaining to island

or upland areas. I found that man-made islands in this area have some

value as nesting and loafing sites for the diving ducks, but this value

is not great. The consumptive and non-consumptive values of diving

ducks, however, are close to or equal to those of dabbling ducks. Thus,
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consideration and improvement of the conditions that limit the produc-

tivity of diving ducks is warranted.

I believe that a lack of emergent vegetation that is suitable

for nesting is the major factor that limits the production of diving

ducks in the Apache-Sitgreaves National Forest. Emergent Carex 

rostrata is the most common aquatic plant in this area, but it received

little use from nesting ducks. Conversely, neither hardstem bulrush

or floating islands were common in the area, but I found that densi-

ties of nests, most of which were those of diving ducks, were higher

in both of these habitats than in any other habitat. Williams and

Marshall (1938), Low (1940, 1941), Miller and Collins (1954), Wingfield

and Low (1955), Evans and Black (1956), Michot, Low, and Anderson

(1979), and Myers (1982) reported that hardstem bulrush was an impor-

tant nesting habitat for diving ducks in their areas. Mendall

(1958:103) found that floating islands in the northeast were preferred

for nesting by ring-necked ducks.

I believe that an increase in the amount of either bulrush or

of floating islands on wetlands in this area would increase the pro-

ductivity of diving ducks. Successful replication of the processes

that result in the formation of floating islands would be difficult on

most wetlands. Establishment of hardstem bulrush, however, should be

a simpler matter. Once established, hardstem bulrush spreads rapidly

from tubers and produces cover sufficient for nesting within a few

years.

Hardstem bulrush is valuable not only for nesting to diving

ducks, but its seeds are an important food source for many species of
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ducks (Munro, 1943; Chura, 1961; Bartonek and Hickey, 1969a; Dirschl,

1969). Bulrush may also be used for cover by broods. Mack and Flake

(1980) found that pintail and blue-winged teal broods were associated

with the presence of bulrush. Matted bulrush from the previous year's

growth is used as loafing sites by diving ducks in this area and may

also serve as territory sites for some dabbling ducks. Bulrush may be

planted around islands to protect the islands from wave erosion. Hard-

stem bulrush would be uniquely valuable on wastewater projects because

of its ability to remove large quantities of nutrients from the water

(Lakshman, 1979). Establishing hardstem bulrush on wetlands in the

Apache-Sitgreaves National Forest would be a cost-effective method of

increasing duck production. It should be included in the Forest's

plans for improving its waterfowl habitat.

Marsh-blasting

Blasting of marshes to create areas of open water in continuous

stands of emergent vegetation and loafing banks is a popular management

technique. It is relatively inexpensive and usually results in use by

breeding ducks (Provost, 1948; Hopper, 1972, 1978). As I discussed

previously, the construction of nesting islands can also serve to cre-

ate open water areas. Because islands result in many additional bene-

fits, their construction should be given priority over marsh-blasting.

However, marsh-blasting may be used to open up areas between islands,

on wetlands that are inaccessible or unworkable for heavy equipment,

or when costs must be minimized.



CHAPTER 7

SUMMARY

1. This study was conducted in the Apache-Sitgreaves National

Forest in east-central Arizona. The purposes of this study were to

evaluate the effectiveness of habitat improvements for breeding water-

fowl, and to make recommendations regarding future improvements.

2. I censused breeding waterfowl and ducklings on wetlands in the

Apache-Sitgreaves National Forest and vicinity. Numbers of breeding

pairs of ducks increased by 146% from 1979 to 1981. Production of

ducklings increased 227% during the same period. Most of these

increases probably resulted from the newly-constructed islands.

3. I unsuccessfully tried to estimate the rate of juvenile sur-

vival for ducks in this area. The two methods that I used were appar-

ently too biased to yield realistic estimates.

4. I found 455 duck nests on upland, island, and emergent habi-

tats. Nest densities were low on most upland habitats, high on man-

made islands and in hardstem bulrush, and highest on floating islands.

Densities of nests on most areas that had been recently fenced were

not greater than on unfenced areas. Densities were higher on pristine

ungrazed areas, however, than on grazed and recently-fenced areas.

Nest densities on upland areas were not significantly correlated with

the amount of vegetative cover, probably because of low sample sizes of

upland nests. Densities of nests on man-made islands were positively

71
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correlated with the amount of vegetative cover, and were not related

to the size of islands.

5. Success rates of nests on uplands were low because of high

rates of both avian and mammalian predation. There was little differ-

ence in rates of nest fates between grazed and ungrazed uplands.

Rates of nest success were highest on the man-made islands and were

intermediate on floating island and bulrush habitats.

6. The amount of vegetative cover at the sites of duck nests on

islands and on uplands was negatively correlated with nest depredation.

Management of these habitats should be directed toward maximizing

vegetative cover.

7. Production of ducklings per hectare was lowest on upland habi-

tats, highest on the floating islands, and intermediate on man-made

islands and in bulrush. Ungrazed grasslands did not appear to be more

productive of ducklings than were grazed grasslands. Because of a lack

of significant vegetation response on the newly-fenced areas, however,

and a scarcity of pristine ungrazed areas, my studies of the effects

of fencing on duckling production were inconclusive.

8. I calculated that 1,913 ducklings were hatched on the man-made

islands during the 3 years of this study. At that rate, 31,883 duck-

lings will have been produced at the end of the expected 50-year life

span of these islands at a cost of $2.13 per duckling. Increases of

nest densities on the newly-fenced areas should eventually result in a

production increase of 0.29 ducklings per hectare at a cost of $22.99

per duckling. This assumes that success rates will remain unchanged.
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9. Densities of vegetative cover on uplands were generally

greater on ungrazed areas than on grazed areas. These differences

were slight in most areas, however, because the fences had been con-

structed too recently to allow for much of a vegetational response.

Vegetation density was much greater on man-made islands than on the

adjacent uplands.

10. Island habitats were important for breeding waterfowl in this

area because of the high densities and success rates of nests on them

and because they provided shorelines that were important for terri-

torial ducks. Construction of islands should continue. Establishment

of good vegetative cover on man-made islands is essential for their

success.

11. Other techniques for improving waterfowl habitat that should

increase the production of ducks in the Apache-Sitgreaves National

Forest are planting of hardstem bulrush and marsh-blasting.
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Table A-1. Scientific names of plants and animals mentioned in this
thesis

Common Name
	

Scientific Name

pinyon
ponderosa pine
juniper
pondweed
smooth brome
orchard grass
Arizona fescue
northern mannagrass
tall wheatgrass
mountain muhly
pine dropseed
reed canary grass
hardstem bulrush
spikerush
aspen
water buttercup
water smartweed
sweet clover
watermilfoil
bladderwort
giant burreed
midge
corixid
mallard
Mexican duck
pintail
gadwall
wigeon
shoveler
blue-winged teal
cinnamon teal
green-winged teal
canvasback
redhead
ring-necked duck
ruddy duck
Crow
raven
coyote
gray fox
raccoon
badger
striped skunk

Pinus spp.
Pinus ponderosa
Juniperus spp.
Potamogeton gramineus 
Bromus inermis 
Dactylis glomerata 
Festuca arizonica 
Glyceria borealis 
Agropyron elongatum 
Muhlenbergia montana 
Blepharoneuron tricholepis 
Phalaris arundinacea 
Scripus acutus
Eleocharis macrostachya 
Populus tremuloides 
Ranunculus aquatilis 
Polygonum amphibium
Melilotus officinalis 
Myriophyllum exalbescens 
Utricularia vulgaris 
Sporganium angustifolium 
Chironomidae: Dip tera
Corixidae: Hemiptera
Anas platyrhynchos platyrhynchos 
Anas platyrhynchos diazi 
Anas acuta acuta 
Anas strepera 
Anas americana 
Anas clypeata 
Anas discors 
Anas cyanoptera septentrionalium
Anas crecca carolinensis 
Aythya valisineria
Aythya americana 
Aythya collaris 
Oxyura jamaicensis rubida 
Corvus brachyrhynchos 
Corvus corax 
Canis latrans 
Urocyon cinereoargenteus 
Procyon lotor
Taxidea taxus 
Mephitis mephitis 
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Table B-1. Values used for average clutch sizes, incubation terms,
and life spans of successful nests. -- From Klett (1981).

Species
Clutch
Size

Incubation
Term (days)

Total Life
Span (days)

Mallard 9 25 34

Gadwall 10 24 34

Pintail 8 23 31

Cinnamon teal 10 23 33

Green-winged teal 9 23 32

American wigeon 8 24 32

Redhead 10 24 34

Canvasback 10 25 35

Ring-necked duck 9 26 35

Ruddy duck 8 24 32
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Table C-1. Average dates of nest initiation for ducks in the Apache-
Sitgreaves National Forest (based on observations of nests
and broods)

Species

Elevation

< 2200 m 2201-2600 in > 2600 in

Date N Date N Date

1979

Mallard 4/20 1 5/11 8 6/06 33
Pintail 6/08 5
Gadwall 6/21 1 6/30 3
Wigeon 6/10 2 6/23 1
Cinnamon teal 5/07 1 6/16 2 7/01 27
Green-winged teal 6/22 2
Canvasback 5/16 1
Redhead 7/02 19
Ring-necked duck 6/29 9
Ruddy duck 7/04 37

Total 4/28 2 5/25 13 6/24 137

1980

Mallard 5/20 10 5/05 25 5/29 46
Pintail 5/20 6 5/16 1 6/04 4
Gadwall 6/24 6 7/09 1 6/26 9
Wigeon 7/05 1
Cinnamon teal 6/03 15 6/06 13 6/22 17
Green-winged teal 6/13 3 6/25 5
Canvasback 5/14 1
Redhead 5/09 2 7/01 22
Ring-necked duck 7/08 4
Ruddy duck 6/26 6 6/03 4 7/04 28

Total 6/03 48 5/20 45 6/18 136

1981

Mallard 5/08 55 5/07 40 5/19 54
Pintail 5/04 15 4/30 10
Gadwall 6/03 18 6/21 16
Wigeon 6/13 1
Cinnamon teal 5/18 49 6/05 15 6/06 63
Green-winged teal 5/25 19 6/24 1 6/10 8
Canvasback 5/26 1
Redhead 6/11 3 6/18 29
Ring-necked duck 6/21 20
Ruddy duck 6/21 13 6/24 52
Unidentified 5/06 2 7/01 1 7/01 1

Total 5/19 174 5/16 57 6/08 225
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