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ABSTRACT

Ducks nesting on seasonal and semi-permanent wetlands near

Flagstaff, Arizona were studied during 1978, 1979, and 1980 to determine

factors limiting the production of waterfowl. The breeding population

was comprised of 12 species of ducks. Pintails (Anas acuta), cinnamon

teal (A. cyanoptera), redheads (Aythya americana), and ruddy ducks

(Oxyura jamaicensis) made up 72% of the breeding population. Redheads

and ruddy ducks were essentially limited to nesting in dense stands of

hardstem bulrush (Scirpus acutus) found only in semi-permanent wetlands.

Reproductive success (broods/pair) of redheads and ruddy ducks was

limited by high nest abandonment. Pintails and cinnamon teal indicated

a strong preference for seasonal wetlands. Reproductive success of

both species was greater on seasonal wetlands. Cinnamon teal success

was limited by intense nest depradation by crows (Corvus brachyrhyncos)

and ravens (C. corax). The quality of upland nesting cover was reduced

by cattle and may have facilitated corvid predation.
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INTRODUCTION

The study of waterfowl as a component of wetland ecosystems is

a requisite for understanding the biology of breeding waterfowl.

Factors such as weather and land use, which have a direct impact on

the wetland habitat, also exert some degree of influence on the water-

fowl associated with the wetland (Bellrose 1979). By defining both

the wetland habitat and the waterfowl population, factors which influ-

ence the habitat can be considered in terms of the potential effects

they may have on waterfowl production.

Arizona does not provide an abundance of wetland habitat when

compared to other states (Shaw and Fredine 1956), and much of the

habitat suitable for nesting waterfowl is intermittent. The natural

lakes in north central Arizona "are good waterfowl habitat . .

following average winter snowfall and normal runoff; however, this

situation occurs infrequently in Arizona" (Fleming 1959:8). Despite

the scarcity and unpredictability of these wetlands, the importance of

properly managing them for waterfowl cannot be discounted. "Even if

the basins are dry 5 years out of every 10, they must not be lost"

(Cooch 1969:10).

Mearns (1890) and Fleming (1959) documented the use of wetlands

near Flagstaff by nesting ducks but adequate information on the breeding

biology and nesting ecology of these ducks was lacking. Interest by

the Arizona Game and Fish Department and the Coconino National Forest
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in improving conditions for nesting waterfowl prompted the initiation

of this study.

Field work was conducted on Anderson Mesa, near Flagstaff,

during the summers of 1978, 1979, and 1980. The broad objectives of

this study were to describe the breeding population of waterfowl and

their nesting ecology, and to determine those factors which might be

limiting the production of waterfowl.
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STUDY AREA

Anderson Mesa is located in north central Arizona within the

Coconino National Forest. The northwest corner of the mesa is about

3.5 km southeast of Flagstaff. The mesa extends in a southeast direc-

tion for about 45 km and varies from 2 to 14 km in width (Figure 1).

Based on climate, physiography, soils, and vegetation, the

mesa is considered a part of the Mogollon woodland-grassland environ-

mental zone (Interagency Range Technical Subcommittee (IRTS) 1973).

Elevations range from about 2,040 in to 2,200 m, with gently rolling

topography. Soils have formed over basalt parent material, and gener-

ally consist of fine-textured clay 50- to 100-cm deep. Soils range

from cobbly to very rocky (Robertson 1980).

The climate is characterized by cold winters, mild summers,

and considerable diurnal temperature change. At Flagstaff, the mean

annual temperature is 45.6 ° F (7.6 ° C) and the mean annual precipitation

is 51.6 cm (U.S. Department of Commerce 1980). However, because of

the high hills to the south and west of the mesa, and the generally

southwest prevailing winds, precipitation on the mesa is somewhat less

than at Flagstaff (Neff and Woolsey 1979). Annual precipitation for

the environmental zone is 30.5 to 45.7 cm (IRTS 1973). During my study

winter and spring precipitation was above average (Table 1). The

winter of 1978-79 was much colder than the winters of 1977-78 and

1979-80 (Table 2).
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Table 1. Precipitation received at Flagstaff airport, November through
March, 1976

Deviation
Precipitation	 From Mean

November-March	 (in)	 (in)

	1976-1977	 4.51	 - 4.58

	

1977-1978	 16.28	 + 7.19

	

1978-1979	 21.34	 + 12.25

	

1979-1980	 21.13	 + 12.04

Table 2. Average monthly minimum temperature (°F) at Flagstaff
airport, November through March, 1977-1980

Month

November	 December	 January	 February	 March

	1977-1978	 24.5	 23.9	 19.9	 19.6	 26.7

	

1978-1979	 23.3	 10.9	 11.0	 11.5	 21.1

	

1979-1980	 18.5	 16.1	 22.4	 21.1	 21.8



There are three general types of vegetation on Anderson Mesa

(Brown, Lowe, and Pase 1979). The central portion of the mesa is made

up of plains grasslands with a grass-forb association dominated by

western wheatgrass (Agropyron smithii). Juniper woodlands, found over

much of the mesa, are composed of dense stands of Utah juniper (Juni-

perus osteosperma) mixed with ponderosa pine (Pinus ponderosa). Pine

woodlands are found as small stands of ponderosa pine associated pri-

marily with depressions or drainages.

Interspersed among these types of vegetation are numerous

shallow wetlands (Figure 1). Anderson Mesa is the result of an uplift

of basalt-capped sedimentary rock (Peacock 1978). The natural basins

formed under Karst-like conditions in the basalt cap during the

Pliocene or early Pleistocene (Cole 1966). Sealed by alluvial and

colluvial deposits of clay (Peacock 1978), the basins collect runoff

and create wetlands of varying size and permanence. Winter and spring

precipitation provide the bulk of the annual recharge. Summer rains

during July and August may serve to stablilize existing water levels

during the summer.

Basin morphology typically consists of a central wetland

surrounded by the basin-upland which extends from the shoreline to the

top of the escarpment surrounding each basin. During this study, the

basin-upland was generally characterized by two distinct zones. The

peripheral woody zone was primarily composed of ponderosa pine, Utah

juniper, Gambel oak (Quercus gambenii), Utah serviceberry (Amelanchier

utahensis) and pifion pine (Pinus edulis). This association was

restricted to the rocky escarpment surrounding the basin. The woody
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zone varied in appearance from basin to basin, generally being more

developed around more permanent wetlands on the northern end of the

mesa, and almost non-existent around the wetlands on the more arid

southern end of the mesa. Typical of all the basin-uplands was the

wheatgrass zone. This zone was dominated by almost pure stands of

western wheatgrass intermixed with a variety of forbs, and extended

from the woody zone to the shallow-marsh vegetation associated with

the central wetland. In addition to the wheatgrass, foxtail barley

(Hordeum jubatum), lupine (Lupinus kingii), hedge-nettle (Stachys

rothrockii), thistle (Cersium sp.), bursage (Franseria discolor),

Phyla cuneifolia, rabbit brush (Chrysothamnus sp.), snakeweed (Gutier-

rezia sarothrae , and actinea (Hymenoxys sp.) grew in this zone.

Centrally located in the basins were the wetlands. During the

study period, I recognized two general types of wetlands. Following

the classification system of Stewart and Kantrud (1969), I found both

seasonal (Class 3) and semi-permanent (Class 4) wetlands present on

Anderson Mesa.

Seasonal wetlands supported shallow-marsh zone vegetation,

dominated by stands of common spikerush (Eleocharis macrostachya)

(Figure 2). Other emergent plants often present were smartweed

(Polygonum amphibium, P. coccineum), pondweed (Potamogeton natans),

water plantain (Alisma triviale), arrowhead (Sagittaria cuneata), and

buttercup (Ranuculus aquatilis). Floating plants included aquatic

moss (Drepanocladus sp.) and bladderwort (Utricularia vulgaris).

Submerged flora consisted of Chara sp., waterweed (Flodea canadensis),

and watermilfoil (llyriophyllum spicatum). Slender spikerush (E.
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acicularis) frequently formed a dense turf in very shallow water.

Seasonal wetlands ranged in size from about 4 to 120 ha. Maximum

water depths following spring runoff were about 1.5 in with fall depths

of less than 0.5 m.

Semi-permanent wetlands exhibited concentric vegetation zones

as a result of deeper water and increased water permanence (Weller

1978). The shallow-marsh zone, consisting of vegetation characteristic

of seasonal wetlands, extended from the wheatgrass zone of the basin-

upland to the deep-marsh zone (Figure 3). Hardstem bulrush (Scirpus

acutus) and watermilfoil were the dominant plant species of the deep-

marsh zone. Hardstem bulrush grew in dense, continuous stands and also

in more or less circular, clonal colonies such as those described by

Nelson (1954) and Dabbs (1971). Although present, sedges (Carex sp.)

formed a very minor component of the deep-marsh zone. Likewise, cat-

tails (Typha latifolia) grew in only one small wetland on the mesa.

Some of the deeper semi-permanent wetlands showed a central open-water

zone which supported dense stands of watermilfoil and pondweed. Semi-

permanent wetlands ranged in size from about 8 to 100 ha with maximum

spring water depths of 2.5 m.

In response to a general increase in winter-spring precipita-

tion, runoff, and recharge from 1977-1978 through the 1980 field season

many wetlands were present, providing suitable conditions for nesting

waterfowl. By late 1977, following a dry winter (1976-1977), all of

the natural wetlands were essentially dry (Hudak 1979). Following

the above-average winter precipitation of 1977-1978, semi-permanent

wetlands retained water over most of the deep-marsh zone through the
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summer and fall of 1978. Seasonal wetlands were dry or retained very

little water by late summer and fall of 1978. The winters of 1978-

1979 and 1979-1980 were extremely wet (U.S. Department of Commerce,

1980). Water levels during May were approximately 0.4 m higher in

1980 than in 1979. All but the most shallow seasonal wetlands retained

water going into the winter of 1979; some for the first time in at least

20 years (Reed 1979). Water levels in semi-permanent wetlands dropped

about 0.5 m between May and August in 1979 and 1980.

The winter of 1978-79 was very cold and wet. As a result, the

wetlands were covered with a thick layer of ice for most of the winter.

This freeze-over permitted the accumulation of several feet of snow on

top of the wetlands (Figure 4). In contrast to this, milder tempera-

tures during the winter of 1979-80 reduced the extent and duration of

ice formation. Thus, although the winter brought heavy precipitation,

conditions for a heavy snow accumulation over the wetlands did not

exist.

To maintain water for livestock during drought, earthen stock

tanks have been dug in each basin. As a result of high water levels,

many of the mounds of soil (dikes) associated with the stock tanks

became islands (Figure 5). Vegetation on the dikes consisted primarily

of western wheatgrass and foxtail barley.

Livestock have been grazed on Anderson Mesa for many years.

In the early 1920's, the U.S. Forest Service began to regulate sheep

use on the mesa. The Allen Lake Trail, which followed the western

edge of the mesa, was used to drive livestock to the now defunct

Flagstaff Stockyards. The several basins along the route were used
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as watering places for the livestock (Arizona Wool Growers Association

1980). Taylor and Colton (1928) reported that cattle and sheep died

from drinking water at Vail Lake in 1923. By the early 1960's sheep

had been replaced by cattle, and by the late 1960's and early 1970's

the U.S. Forest Service had initiated a deferred rotation grazing

system. Anderson Mesa was fenced into several pastures. Depending on

the allotment to which a pasture belonged, grazing was permitted early

(June 1-August 15), late (August 15-October 30), or not at all (rested)

during a given year. The following year the pasture was usually grazed

at a different time. For example, the pasture which encompassed

Marshall, Vail, Fisher and Fry, and other basins on the northern end

of the mesa was rested in 1978, grazed late in 1979, and grazed early

in 1980.



MATERIALS AND METHODS

I conducted field work from June through August 1978 and from

April through September in 1979 and 1980. Wetlands were visited at

1-week intervals to determine waterfowl use. Observations were fre-

quently made by climbing ponderosa pine trees to see over dense emergent

vegetation. A field assistant usually walked around the wetland to

flush birds along the shoreline and to supplement brood and census

data. We frequently waded through seasonal wetlands which were over-

grown with rank stands of spikerush. A 20-power spotting scope and

7 x 35 binoculars were used to aid in identifying birds.

I estimated the potential breeding population of ducks based

on weekly counts of observed pairs, lone males, and lone females,

generally following guidelines suggested by Hammond (1969). During

these weekly censuses, I also counted and identified broods by species.

I classified the broods by age class as described by Gollop and

Marshall (1954).

I searched for nests in the basin-upland and emergent vegeta-

tion during 1979 and 1980. The basin-upland was searched at 2-week

intervals from April through August. Initially, my assistant and I

tried dragging a 30-m rope between us to flush hens off their nests.

As a result of very sparse cover interspersed with small trees and

shrubs, we discontinued this method in favor of systematically search-

ing particularly dense clumps of vegetation in the wheatgrass zone

and under trees in the woody zone. The location of nests was noted

15
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on data sheets. Other than small (3.3 cm diameter), numbered, brass

key tags which I concealed in the nests in 1980, I neither flagged,

staked, nor otherwise conspicuously marked nests.

Dead bulrush from the previous year (residual) was searched in

May prior to the emergence of new growth. My assistant and I searched

for nests at about 2-week intervals through August. Depending on the

water depth, we either waded or paddled a boat through the bulrush. We

marked nests by tying plastic flagging to culms of bulrush near the

nest, and wiring numbered brass discs to the flagged bulrush. Even so,

I could not subsequently relocate several nests because of the extremely

dense and continuous nature of the bulrush stands.

I determined the species of most upland nests by identifying

the hen when she flushed from the nest. If no hen was present, I

compared down and breast feathers with known samples to determine the

species of nest. I attempted to use the key to down and breast feathers

developed by Broley (1950) but found it to be of little help. I did

not differentiate the nests of cinnamon teal (Anas cyanoptera) from

those of blue-winged teal (Anas discors). The species of all over-water

nests was determined by characteristics of the down and eggs.

I usually revisited nests at 2-week intervals. If the age of

the nests could be confidently estimated by candling eggs (Weller 1956),

or by determining the date at which the clutch was completed, then I

revisited the nest after the estimated hatching date. I classified a

nest as successful if one or more eggs hatched, or unsuccessful if no

eggs hatched. I classified unsuccessful nests as either abandoned or
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destroyed. At destroyed nests, I identified the probable predator

using characteristics described by Rearden (1951) and Sowls (1978).

At each upland nest, I recorded the species of vegetation used

as nest cover, the distance of the nest from water, and the height-

density of the nesting cover. Height-density was estimated using the

visual obstruction method described by Robel et al. (1970) and Kirsch,

Duebbert, and Kruse (1978) (Figure 6). In 1979, I took four such

measurements adjacent to each nest. In 1980, I also took four measure-

ments at 1 m and four measurements at 5 m from the nest in addition to

the four measurements at the nest.

At each over-water nest, I recorded the species of vegetation

in which the nest was located, the average height of the vegetation

above water, and density of the vegetation. Density was measured as

the number of culms in 0.1 m2 . Four density measurements were taken

at each nest. I also recorded the water depth at the nest and the

distance of the nest from open water. Open water consisted of areas

greater than about 15 m2 .

To estimate the hatching dates of broods, I used the plumage

classification system suggested by Gollop and Marshall (1954). This

involved assigning an age in days to the brood and then back-dating to

the approximate hatching date. I estimated the dates of nest initia-

tion using incubation periods provided by Bellrose (1976). I tried to

avoid including both the brood and the nest of the same hen in my

calculations.

The quality of vegetation generally available in the wheat-

grass zones was estimated in 1979 and 1980. I took visual obstruction



Figure 6. Visual obstruction pole. -- Delineated in decimeters.
Note destroyed cinnamon teal nest in western wheat-

grass under dead juniper.
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readings along line transects using the same height-density technique

that I used on upland nests. In 1979, transects of different lengths,

perpendicular to the shore were randomly established in the wheatgrass

zone of several basins. Measurements were taken at 1-month intervals

in June and July. In 1980, I placed three transect clusters, consisting

of three 30-m transects per cluster, in the wheatgrass zones of Marshall

Lake (one cluster) and Vail Lake (two clusters). In each cluster, the

transects were placed parallel to the shoreline at 0, 15, and 30 m from

the spring shoreline. An additional transect cluster was established

in a patch of rabbit brush in the basin-upland, and another cluster in

the upland grassland outside of the basin. All transects were subject

to early grazing by cattle. Measurements were taken at 1-month inter-

vals in June and July. At each 0.3-m intervaf along the transect, I

recorded the component of ground cover present (e.g., bare ground,

litter, vegetation, rock). Species composition was estimated by record-

ing the species of living vegetation closest to the 0.3-m mark.

To evaluate the effects of cattle on residual vegetation, I

compared grazed and ungrazed plots using visual obstruction and dry

weight measurements. To obtain ungrazed sample plots, I constructed

exclosures of welded-wire fence (2.54- x 5.08-cm mesh). The fencing

was formed into cones with a basal diameter of about 1.6m. In 1979

I placed six exclosures in the wheatgrass zone of Marshall Lake prior

to late grazing. Three exclosures were placed 5 in from the spring

shoreline and three were placed 30 in from the shoreline. Each exclosure

was paired with a plot exposed to grazing. One exclosure at 30 m from

the shoreline was destroyed by vandals. In November, after the removal
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of cattle, I clipped five 0.1-m 2 quadrats of vegetation in each of the

grazed and ungrazed plots. Thus, a total of 25 quadrats were clipped

in grazed vegetation and 25 were clipped in ungrazed vegetation.

Clipped vegetation was dried and weighed to the nearest 0.01 g.

In 1980, I placed six wire cones in the wheatgrass zone of

Marshall Lake in conjunction with the transect cluster in the wheat-

grass. Two cones were next to each of the 30-m transects at 0, 15,

and 30 m from the spring shoreline prior to early grazing. Likewise,

six cones were placed in association with one transect cluster in the

wheatgrass zone at Vail Lake. I also placed three cones in the upland

grassland associated with the transect cluster there. Each ungrazed

plot (cone) in the Marshall Lake wheatgrass was paired with a grazed

plot. In November, I sampled the grazed and ungrazed plots using the

aforementioned visual obstruction technique. At each cone, I took 20

visual obstruction measurements. These measurements of ungrazed vegeta-

tion were compared with visual obstruction measurements taken of grazed

vegetation along the corresponding 30-m transects. I also clipped

0.2-m2 plots of grazed (n = 10) and ungrazed (n = 17) residual vegetation

from the paired plots at Marshall Lake. These were dried and weighed

to the nearest 0.01 g. All statistical comparisons were made using

Student's t-test, unless otherwise noted, following Hoel (1971) and

Daniel (1978).



RESULTS

Breeding Population 

During 1979 and 1980, I observed 12 species of ducks in the

breeding population on Anderson Mesa (Table 3). I did not tabulate

the breeding pairs observed in 1978 because I did not begin field work

until June. During 1978, however, I did not observe additional species.

Pintails (Anas acuta), cinnamon teal, redheads (Aythya americana), and

ruddy ducks (Oxyrua jamaicensis) comprised 72% of the observed breeding

pairs. Although wigeons (Anas americana), gadwalls	 strepera), and

ring-necked ducks (Aythya calaris) were common spring migrants (Table

4), they did not figure significantly in the summer breeding population.

Canvasbacks (Aythya valisineria), lesser scaups (A. affinis), and

buffleheads (Bucephala albeola), although present during the spring,

were not represented in the breeding population.

Wetland type influenced the species composition. Pintails

comprised only a small percentage of the breeding population using

semi-permanent wetlands, but made up 31% of the breeding population on

seasonal wetlands. Conversely, redheads and ruddy ducks comprised 44%

of the breeding population using semi-permanent wetlands, but did not

use seasonal wetlands (Table 5). Breeding pair densities (Table 6)

indicate a propensity for pintails to use seasonal wetlands over semi-

permanent wetlands (p < 0.05). Densities of cinnamon teal breeding

pairs were also greater on seasonal wetlands, but to a lesser degree

than pintails (0.05 < p < 0.10).
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Table 3. Species composition of the breeding population of ducks on
Anderson Mesa, 1979 and 1980

Observed
Number of Pairs % of Total

1979 1980
Both
Years 1979 1980

Both
Years

Cinnamon teal 60 48 108 27.9 22.1 25.0

Pintail 29 29 58 13.5 13.4 13.4

Mallard 14 23 37 6.5 10.6 8.6

Gadwall 14 14 28 6.5 6.4 6.5

Green-winged teal 12 14 26 5.6 6.4 6.0

Blue-winged teal 6 5 11 2.9 2.3 2.5

Wigeon 0 3 3 0.0 1.4 0.7

Shoveler 2 0 2 0.9 0.0 0.5

Mexican/Mallard 1 1 2 0.5 0.5 0.5

Redhead 42 42 84 19.5 19.4 19.4

Ring-necked duck 7 6 13 3.2 2.8 3.0

Ruddy duck 28 32 60 13.0 14.7 13.9

Total 215 217 432 100.0 100.0 100.0
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Table 4. Total number of ducks observed on 13 wetlands during April,
May, and June, 1980 on Anderson Mesa

Month

April May June

Ring-necked duck 354 116 15

Redhead 207 65 96

Buff lehead 116 44 0

Gadwall 109 29 22

Wigeon 96 19 4

Cinnamon teal 79 56 60

Canvasback 57 0 1

Green-winged teal 43 21 43

Lesser scaup 28 16 0

Mallard 21 21 30

Ruddy duck 20 64 39

Pintail 8 38 84

Blue-winged teal 4 6 0

Shoveler 4 6 2

Mexican/Mallard 0 1-2 1-2

Total 1,144 465 397
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Table 5. Species composition of breeding pairs on seasonal and semi-
permanent wetlands, 1979 and 1980, Anderson Mesa

Seasonal Semi-permanent

Number Number

Cinnamon teal 36 33.3 72 22.2

Pintail 34 31.5 24 7.4

Mallard 12 11.1 25 7.7

Gadwall 6 5.6 22 6.8

Green-winged teal 9 8.3 17 5.3

Redhead 0 0 84 25.9

Ruddy duck 0 0 60 18.5

Others 11 10.2 20 6.2

Total 108 100.0 324 100.0
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Table 6. Breeding pair densities by wetland type on Anderson Mesa,
1980

Pairs per Acre a

Seasonal (55)
b	

Semi-permanent (144)

Cinnamon teal .082 (20) .041 (27)

Pintail .069 (17) .016 (11)

Mallard .037 (9) .021 (14)

Gadwall .012 (3) .017 (11)

Green-winged teal .024 (6) .011 (7)

Redhead .000 (0) .063 (42)

Ruddy duck .000 (0) .048 (32)

a. Seasonal: Nine wetlands, 245 acres.
Semi-permanent:	 Seven wetlands, 665 acres.

b. Number of breeding pairs.
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Nesting Chronology 

Although there was considerable overlap between the periods of

first and last nest initiations (Table 7), definite trends are apparent

in the nesting chronologies of the pintail, cinnamon teal, redhead, and

ruddy duck (Table 8). In each season of the study, pintails began

nesting earliest. The cinnamon teal began to nest during the last week

in June during each year of my study. In contrast to the relatively

predictable nesting of the cinnamon teal, the median period of redhead

and ruddy duck nest initiations varied greatly between years. In 1978,

the median period for these species was during the first week in June.

In 1979, however, the median period was about 2 months later than in

1978, and the entire nesting season was contracted. In 1980, the

nesting season was protracted and the median period of nest initiations

was about 1 month earlier than in 1979.

Based on back-dated broods and successful nests, the median

hatching periods exhibited trends similar to thos indicated by nest

initiations (Table 9). Hatching was somewhat later in 1979 than in

1978 or 1980 for all species, and particularly so for the redhead and

ruddy duck. The hatching period of these species was contracted in

1979 (Figures 7 and 8). Pintail nests hatched earliest of the four

species. Although the hatching period of pintails remained relatively

constant from season to season (Figure 9), an abundance of successful

early nests in 1980 resulted in a much earlier median hatching date

than in 1978 or 1979. Cinnamon teal showed a single peak in hatching

during 1978 (Figure 10) which was associated with the median hatching

period (Table 9). During 1979 and 1980, however, there were two periods
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Table 8. Median period of nest initiations on Anderson Mesa of
pintails, cinnamon teal, redheads, and ruddy ducks,
1978-1980

10-day
Period

Year

1978	 1979	 1980

5/02-5/11

5/12-5/21 Pintail

5/22-5/31 Pintail

6/01-6/10 Redhead
Ruddy duck Pintail

6/11-6/20

6/21-6/30 Cinnamon teal Cinnamon teal Cinnamon teal
Ruddy duck

7/01-7/10 Redhead

7/11-7/20

7/21-7/30 Redhead
Ruddy duck

7/31-8/09
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Table 9. Median hatching periods on Anderson Mesa of pintails,
cinnamon teal, redheads, and ruddy ducks, 1978-1980

Year
10-day

Period 1978	 1979	 1980

5/22-5/31 Pintail

6/01-6/10

6/11-6/20

6/21-6/30 Pintail

7/01-7/10 Redhead Pintail

7/11-7/20 Cinnamon teal Cinnamon teal
Ruddy duck

7/21-7/30 Ruddy duck

7/31-8/09 Cinnamon teal Redhead

8/10-8/19

8/20-8/29 Redhead

8/30-9/08 Ruddy duck

9/09-9/18
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of peak hatching activity. In both years, hatching peaked in early

July and declined in mid-July, as in 1978. However, in 1979 and 1980

hatching of cinnamon teal nests again increased in late July and early

August.

Clutches 

Clutch sizes ranged from 4 to 20 eggs with pintails averaging

the smallest and redheads the largest (Table 10). Frequency distribu-

tions of cinnamon teal clutch sizes indicate that most full clutches

contained 8, 9, or 10 eggs (Figure 11). A correlation coefficient

developed between clutch size and date of nest initiation suggests that

early cinnamon teal clutches were larger than later cinnamon teal

clutches (r = - 0.6, p < 0.05).

Table 10. Clutch size of pintails, cinnamon teal, redheads, and ruddy
ducks, 1979-1980

Anderson Mesa Other Studies

Range x Range Source

Pintail 5 6.0 4-10 7.76 3-14 Bellrose (1976)

Cinnamon
teal 18 8.4 4-12 8.85 4-16 Bellrose (1976)

Redhead 19 12.7 7-20 9.75 4-19 Low (1940)

Ruddy duck 15 9.1 5-18 8.05 5-15 Bellrose (1976)
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I observed interspecific nest parasitism by redhead and ruddy

duck hens. Of 20 ruddy duck nests (complete and incomplete clutches),

4 (20%) contained 1 or more redhead eggs. Of 26 redhead nests, 2 (8%)

contained one or more ruddy duck eggs. I also found large clutches of

redhead and ruddy duck eggs (Table 11).

Table 11. Distribution of the clutch sizes in redhead and ruddy duck
nests on Anderson Mesa, 1979-1980

Number of Eggs in Clutch	 Maximum Number
of Eggs in

5-9	 10-14	 15 +	 Clutch

Redhead
	

5	 8	 6	 20

Ruddy duck
	

9	 4	 2	 18

Nest Site 

Perennial grass, in particular western wheatgrass, was the

most common vegetational component at nest sites of the pintail and

cinnamon teal (Table 12). Nests were often constructed in grass grow-

ing at the base of small trees and under shrubs. All pintail nests

were constructed in upland vegetation. I found only one cinnamon teal

nest built in emergent vegetation. This nest was constructed of dead

bulrush on top of a dense mat of residual bulrush amidst very tall,



37

Table 12. Frequency of occurrence of vegetation components in cinnamon
teal and pintail nests, 1979 and 1980

Cover

% Occurrence in Nest

Cinnamon Teal
(n = 57)

Pintail
(n = 13)

Perennial grass

Agropyron smithii 49.1 61.5
Hordeum jubatum 12.3 7.7
Koeleria cristata 1.8 0.0
Poa fendleriana 1.8 0.0
Sitanion Longifolium 0.0 15.4
Muhlenbergia wrightii 0.0 7.7

Annual Grass

Bromus tectorum 1.8 0.0

Perennial forbs 8.8 7.7

Annual forbs 15.8 15.4

Woody plants

Chrysothamnus sp. 19.3 0.0
Amelanchier utahensis 1.8 0.0
Quercus gambellii 3.5 7.7
Juniperus osteosperma 5.3 30.8
Pinus ponderosa 14.0 7.7
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dense, green bulrush. Both pintails and cinnamon teal nested on the

earthen stock tank dikes. Of 57 cinnamon teal nests, 17 (29.8%) were

on stock tank dikes. Of 13 pintail nests, 3 (23.1%) were on dikes.

Pintail, though, tended to nest further from water than did cinnamon

teal (Table 13). Only 17% of the teal nests were further than 50 in from

water in contrast to 62% of the pintail nests. Cinnamon teal constructed

nests in taller and denser cover than did pintail (p < 0.05) (Figures

12 and 13). Both species nested in taller and denser vegetation than

was generally present near the nest (Table 14). Cover of nests on

dikes was similar to cover of nests constructed elsewhere (p > 0.20).

Table 13. Distribution of cinnamon teal and pintail nests from water,
as pecentage of total nests per species, 1979-1980

Distance to Water
(TO

Cinnamon teal
(n = 53)

(%)

Pintail
(n = 13)

(Z)

Overwater (0) 1.9 0

1-10 41.5 15.4

11-50 39.6 23.1

51-100 15.1 38.4

100 + 1.9 23.1
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Table 14. Visual obstruction measurements taken at cinnamon teal and
pintail nests in 1980 (with 95% confidence intervals)

Distance
	 Mean Visual Obstruction Measurement (dm)

from Nest
(m)	 Cinnamon Teal	 Pintail

0	 ,44	 Z.05* 0.39
	

1.43	 0.51
Ac

1
	

0.31*. 0.16
	

0.20	 0.30

5
	

0.36 * 0.22
	

0.09 AL 0.10

*Significantly different at p < 0.05.

Dikes, however, often provided more extensive stands of good cover (Fig-

ure 14). Nests of redheads and ruddy ducks were almost exclusively con-

structed over water in tall, dense, hardstem bulrush, frequently within

5 m of open water (Table 15). Nests of these two species were generally

made of pieces of dry, dead bulrush (Figure 15).

Nesting Success 

During 1979 and 1980, I determined the fate of 12 pintail, 53

cinnamon teal, 20 redhead, and 12 ruddy duck nests (Table 16). Cinna-

mon teal showed the lowest nesting success (22.6%), and redheads showed

the highest (40.0%). Avian predation by crows (Corvus brachyrhynchos)

and ravens (C. corax) accounted for most of the pintail and cinnamon

teal nest losses. I did not observe any nest losses that I could defi-

nitely attribute to mammalian predation. Nest abandonment accounted

for all of the losses of redhead and ruddy duck nests.
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Table 15. Characteristics of redhead and ruddy duck nest sites, 1979
and 1980

Redheada Ruddy duckb

x Range
-

Range

Height of bulrush above
water (dm) 20.1 (15-23) 20.1 (15-25)

Density of bulrush
(# culms/0.1 in ) 18.2 (10-35) 19.2 (10-27)

Depth of water below
nest (dm) 10.4 (5.5-15.0) 9.3 (5.5-13.5)

Distance to open
water (m) 4.1 (1-10) 5.1 (0.5-15.0)

a. n = 26 nests; does not include one nest found in spikerush
(E. macrostachya) .

b. n = 17 nests.
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Table 16. Fate of pintail, cinnamon teal, redhead, and ruddy duck
nests as percentage of total, 1979 and 1980

Hatched
	

Abandoned	 Destroyeda

Pintail (12)
b

25.0 16.7 58.4

Cinnamon teal (53) 22.6 22.6 54.7

Redhead (20) 40.0 60.0) 0

Ruddy duck (12) 33.3 66.7 0

a. Avian predators (crows and ravens).

b. Sample size in parentheses.

Cinnamon teal nests on stock tanks dikes were much more success-

ful than teal nests constructed elsewhere (Table 17). Avian predators

destroyed only 6 7. of the teal nests on dikes as opposed to 78% of the

teal nests on dikes. Abandonment, however, was three times greater

on dike nests.

Table 17. Fate of cinnamon teal nests on stock tank dikes versus those
constructed elsewhere, 1979-1980

Hatched Abandoned Destroyed

Dike (17) a

Non-dike (36)

52.9

8.3

41.2

13.9

5.9

77.8

a. Number of nests in parentheses
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None of the interspecifically parasitized redhead or ruddy duck

nests hatched. The mean clutch size of successful nests was smaller

than the mean clutch size of non-successful nests for the redhead and

ruddy duck (p < 0.05).

Production 

I observed broods of eight species of ducks on Anderson Mesa

wetlands. In addition to the seven species listed in Table 18, I saw

one brood of shovelers in 1980 on a seasonal wetland which was not one

of my study areas, hence only occasionally visited by me.

Table 18. Species composition of ducklings observed on Anderson Mesa a

Number Observed

1979 1980 Total % of Total

Pintail 85 41 126 17.0

Cinnamon tealb 62 74 136 18.4

Mallard 26 52 78 10.5

Gadwall 19 7 26 3.5

Green-winged teal 23 16 39 5.3

Redhead 78 154 232 31.3

Ruddy duck 56 58 104 14.0

Total 349 392 741 100.0

a. Some wetlands censused in 1979 were not censused in 1980
and vice versa.

b. May include some blue-winged teal.
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Semi-permanent wetlands supported greater brood numbers and

diversity than seasonal wetlands (Table 19). Although in 1978 I

observed one ruddy duck brood and one gadwall brood on seasonal wet-

lands, during 1979 neither species was observed on seasonal wetlands.

In 1980, I found one hatched redhead nest during an irregular visit to

a seasonal wetland which was not one of my study areas. Seasonal wet-

lands supported over half of the pintail and cinnamon teal young that

I observed (Table 20).

Table 19. Species composition of ducklings, by wetland type, 1979-1980

Seasonal

Percent Composition

Semi-permanent

Pintail 36.4 (74) a 9.7 (52

Cinnamon teal 38.4 (78) 10.8 (58)

Mallard 21.2 (43) 6.5 (35)

Gadwall 0.0 4.8 (26)

Green-winged teal 3.9 (8) 5.7 (31)

Redhead 0.0 43.1 (232)

Ruddy duck 0.0 19.3 (104)

Total 100.0 (203) 100.0 (538)

a. Number of ducklings in parentheses.
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Table 20. Distribution of ducklings on seasonal and semi-permanent
wetlands by species, 1979-1980

Cinnamon Ruddy
Wetland Type Pintail Teal Redhead Duck

(%) (%) (%) (%)

Seasonal 58.7 57.4 0 0

Semi-permanent 41.3 42.6 100 100

Total 100.0 100.0 100 100

As a measure of reproductive success, the ratio of observed

broods per breeding pair (Table 21) indicates that of the four common

species, pintails were most successful and cinnamon teal were least

successful. Both species were more successful on seasonal wetlands

than on semi-permanent wetlands (Table 22).

Table 21.	 Number of broods per breeding pair, 1979 and 1980

1979 1980

Pintail .55 .45 .50 (29/58)a

Cinnamon teal .15 .24 .19 (23/119)

Mallard .27 .29 .29 (11/38)

Gadwall .14 .07 .11 (3/28)

Green-winged teal .33 .21 .27 (7/26)

Redhead .28 .38 .33 (28/84)

Ruddy duck .28 .31 .30 (18/60)

a. Total number broods/Total number breeding pairs in parentheses.
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Table 22.	 Number of broods per breeding pair, by wetland type, 1979
and 1980

Seasonala Semi-permanent

Pintail .62 (21/34) .33 (8/24)

Cinnamon teal .28 (12/42) .14 (11/77)

Mallard .42 (5/12) .22 (6/27)

Gadwall .00 (0/6) .14 (3/22)

Green-winged teal .22 (2/9) .22 (5/17)

Redhead .00 (0/0) .33 (28/84)

Ruddy duck .00 (0/0) .30 (18/60)

a. Number of broods/Number of breeding pairs in parantheses.

Vegetation 

The wheatgrass zone of the basin-upland provided very poor

cover for upland nesting ducks. During June and July of 1979, follow-

ing no grazing in 1978 and preceding grazing in 1979, visual obstruc-

tion measurements averaged only 0.18 dm (n = 456). In 1980, June and

July measurements averaged only 0.03 dm (n = 600). Rabbit brush pro-

vided somewhat denser cover than the wheatgrass zone or upland grass-

land (Table 23). Ground cover was also better in rabbit brush than in

the other two regions (Table 24).
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Table 23. Frequency distribution of visual obstruction measurements,
June, 1980

Basin-upland	 Upland
Visual
Obstruction	 Wheatgrass	 Rabbit brush

(dm)	 (n = 600)	 (n = 200)  
Wheatgrass-forb Assn.

(n = 300)

	0.0	 90.7	 65.5
	

95.0

	

0.5	 6.3	 16.0
	

3.7

	

1.0	 2.7	 11.5
	

1.0

	

1.5	 0.0	 2.5
	

0.0

	

2.0	 0.3	 2.0
	

0.3

	

2.5	 0.0	 0.5
	

0.0

	

3.0	 0.0	 0.5
	

0.0

	

3.5	 0.0	 1.5
	

0.0

Table 24. Estimates of ground cover at transact clusters, July, 1980

Basin-upland	 Upland

Cover	 Wheatgrass	 Rabbit brush	 Wheatgrass-forb Assn.
Component	 (n = 600)	 (n = 199)	 (n = 300)

Bare ground	 51.2	 37.7	 48.3

Litter	 34.7	 27.1	 29.3

Rock	 0.4	 0.0	 8.7

New Growth	 13.6	 35.2	 13.7

Total	 99.9	 100.0	 100.0
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Grazing 

The amount of residual vegetation in the basin-upland wheat-

grass was significantly reduced by grazing. Ungrazed wheatgrass pro-

vided 41% and 40% more residual vegetation (by dry weight) than grazed

wheatgrass in 1979 and 1980, respectively (p < 0.05). Visual obstruc-

tion measurements indicate that the height-density of basin-upland

cover was significantly lower (p < 0.05) on grazed plots in 1980.

Likewise, upland cover outside of the basin area provided lower height-

density values when grazed than when ungrazed (p < 0.05).

Cattle frequently waded into water to drink and to graze on

emergent vegetation (Figure 16). Movement by the cattle in the wet-

lands, however, appeared to be restricted by water depths over about

0.7 m. High water levels prevented the cattle from feeding or trampling

the bulrush during the 1980 grazing season and through most of the 1979

grazing season. By September 1979, cattle were able to gain access to

and feed on small areas of peripheral hardstem bulrush. Shoreline

spikerush, which was grazed in 1979, provided 86% less residual vege-

tation (by dry weight) than ungrazed spikerush (p < 0.05).
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DISCUSSION

During this study, wetland habitats on Anderson Mesa provided

suitable conditions for a breeding population of waterfowl. The popula-

tion was composed primarily of pintails, cinnamon teal, redheads, and

ruddy ducks. These four species represented three general nesting

patterns. The redhead and ruddy duck exhibited similar nesting patterns.

The cinnamon teal and pintail showed two additional types of nesting

patterns. Each pattern differed in spacial and temporal characteristics.

Spacial characteristics involved use patterns based on (1) general

morphological properties of the wetlands such as depth and permanence,

and (2) specific morphological properties of the nest sites. Temporal

characteristics of the nesting strategies involved chronological

patterns shown within a season and between the seasons. As a result

of species specific nesting patterns, the degree to which ecological

factors potentially affected waterfowl production differed between

duck species.

Redhead and Ruddy Duck 

Both the redhead and the ruddy duck apparently have evolved

under warm-temperate conditions in North America. Siegfried (1973,

1976a) suggested that the ruddy duck is adapted to warm season, mid-

latitude breeding in semi-arid country. Weller (1964:93) argued a

southerly origin of the redhead "in the alkaline water areas of the

53
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southwest." Thus, it is not surprising that the two species nested in

the wetlands on Anderson Mesa.

The redhead and ruddy duck exhibited very similar nesting

patterns. Both species were essentially limited in their distribution

by the presence of hardstem bulrush. The importance of dense, green

hardstem bulrush for nesting by these species has been indicated by

several authors (Williams and Marshall 1938, Weller 1959). Regarding

redheads, Lokemoen (1966:675) suggested that tall, heavy, emergent

vegetation such as hardstem bulrush is need for proper "nest support,

concealment and seclusion." Apparently spikerush did not provide these

characteristics. Low (1941, 1945) concluded that the choice of nesting

cover used by the redhead and ruddy duck is primarily determined by a

cover type associated with a particular water depth. This may be true

where more than one species of stout, emergent cover is present.

Results of my study, however, indicate that plant species was of primary

importance in limiting the use of wetlands by nesting redheads and

ruddy ducks. Thus, factors influencing the distribution of hardstem

bulrush also influence the distribution of redheads and ruddy ducks on

Anderson Mesa.

Water depth and permanence are key factors associated with the

presence and growth of this bulrush. Dabbs (1971) found hardstem bul-

rush restricted to water depths of 60 cm to 150 cm in the Saskatchewan

River Delta. The carry-over of shallow water through the winter

appeared important for seed germination as indicated by the invasion of

seasonal wetlands by bulrush during this study. In South Carolina,

Neeley (1960) found the complete drying of soil to be the greatest
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hazard to the establishment and maintenance of saltmarsh bulrush

(S. robustus). Presumably several years of above-average annual preci-

pitation would be required to affect substantial development of hard-

stem bulrush in normally seasonal wetlands. I suspect that conditions

during this study represented the maximum distribution of redheads and

ruddy ducks, barring a major shift to a wetter climate and subsequent

spread in bulrush.

The redhead and ruddy duck also showed similarities in nesting

chronology. Drastic, yet synchronous, shifts in nesting activities

suggest that both species responded to similar environmental stimuli

that influenced the initiation of nesting. Siegfried (1976b) suggested

that the initiation of nesting by the ruddy duck may be correlated with

the availability of dense, green emergent vegetation. Year-to-year

variations in the development of bulrush may have contributed to the

observed shifts on the nesting chronology of both the redhead and the

ruddy duck. Increasing water temperature and/or light are generally

responsible for the germination of hibernacula (e.g., rhizones) and

increasing growth rates of many aquatic plants (Sculthorpe 1967).

I observed that bulrush growing in shallower water tended to emerge

earlier than bulrush growing in deeper water. Lower water levels in

1978 probably facilitated earlier development of new bulrush than in

1980 by permitting greater light penetration and quicker warming.

In addition to the development of new bulrush, the condition

of residual bulrush may also have influenced the nesting chronology

of the redhead and ruddy duck. Both species used dead bulrush from the

previous year as a base on which to construct nests. Davis and
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van der Valk (1978) found the fragmentation of dead emergent vegetation

(Scirpus fluviatilis and Typha glauca) in prairie marshes resulted

primarily from wind, rain, sleet, and snow. Relatively early nesting

by redheads and ruddy ducks in 1978 followed a wet winter of moderate

temperature and a dry spring. The 1979 nesting season followed a cold,

wet winter. I suggest that the heavy ice and snow-pack that developed

on the wetlands during the winter of 1978-79 destroyed the dead bulrush

sufficiently to delay nesting by the two species in 1979. Warmer

winters of 1977-78 and 1979-80 prevented the accumulation of snow and

ice on the dead bulrush and reduced the amount of fragmentation, thus

facilitating earlier nesting. Thus, in addition to the presence or

absence of bulrush, nesting by the redhead and ruddy duck was also

influenced by water depth, winter temperatures, and winter precipita-

tion as factors affecting the suitability of new and old bulrush for

nesting.

Destruction of hardstem bulrush by cattle potentially could

have affected the nesting of redheads and ruddy ducks. Weller,

Wingfield, and Low (1958) and Weller (1959) noted that reduced water

levels at Knudsen Marsh in Utah permitted the entrance of cattle into

the marsh resulting in the destruction of both residual and new growth

hardstem bulrush by trampling and grazing. Prior to this study, in

1977, water levels were sufficiently low to permit the extensive use of

bulrush by cattle on Anderson Mesa (Hudak 1979). During my study,

however, high water levels did not permit cattle to gain access to the

bulrush. Thus, following periods of poor winter-spring precipitation,
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the potential exists for the destruction of redhead and ruddy duck

nest cover by cattle.

Reproductive success for the redhead and ruddy duck were similar,

both having a success rate of about 30%. In the absence of predation,

this rate is the result of poor nesting success, little renesting, and

perhaps a substantial number of non-nesting females. Nesting success

of both species on the Anderson Mesa was low when compared to results

of studies elsewhere (Table 25). Although changing water levels (e.g.,

flooding, drying) have been responsible for much nest loss in other

studies of these two species (Low 1941, Bellrose 1976:323,472), I did

not observe any destruction or abandonment of nests that could be

attributable to these causes. The poor nest success (i.e., high

abandonment rates) which I observed, probably was the result of nest

disturbance. Weller (1959:354), summarizing data from Williams and

Marshall (1938), Miller and Collins (1954), and Wingfield (1951),

noted that "desertion rates of the redhead and ruddy ducks far exceed

those of other species." Weller (1959:354) concluded that the two

species "are most affected by parasitic intrusions and other disturbances

of their nesting." Nests of both species were susceptible to intra-

specific nest parasitism. Siegfried (1976b) suggested the maximum

clutch size of a single female ruddy duck is 10 eggs. Of 15 ruddy

duck nests that I found, 4 (27%) contained more than 10 eggs. Lokemoen

(1966) considered redhead nests with 15 or more eggs the result of more

than 1 hen. I found 6 of 19 redhead nests (32%) met this criteria.

Thus, a large proportion of the nests apparently were the result of

intraspecific parasitism. Hochbaum (1944:91) and Low (1945:46) noted
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Table 25. Nesting success of the redhead and ruddy duck as reported
by other authors

Successful
Species	 Nests	 Source

Redhead	 88.0	 Rienecker and Anderson (1960)

	

85.0	 Steel, Dalke, and Bizeau (1956)

	

73.5	 McKnight (1974)

	

54.7	 Low (1940)

	

52.0	 Bellrose (1976)

	

45.0	 Low (1945)

	

45.0	 Miller and Collins (1954)

	

15.2	 Lokemoen (1966)

Ruddy duck	82.0	 Low (1941)

	

70.0	 Siegfried (1976b)

	

69.6	 Bellrose (1976)

	

69.0	 Rienecker and Anderson (1960)

	

61.0	 Low (1941)

	

56.0	 Steel et al. (1956)

	

32.0	 Miller and Collins (1954)

	

32.0	 Rienecker and Anderson (1960)
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the lack of success associated with intraspecifically parasitized

redhead nests. The lower success of larger clutches suggests that for

both species, intraspecific parasitism contributed to the abandonment

of nests. Joyner (1976) found 90% of the redhead nests that were

parasitized by ruddy ducks were abandoned, and 67% of the ruddy duck

nests that were parasitized by redheads were abandoned. Desertion of

interspecifically parasitized nests also contributed to the loss of

redhead and ruddy duck nests in this study.

The literature indicates that failure to nest and renest may

be important in reducing the reproductive potential of these two speices.

Weller (1959:345) estimated that only 50% of redhead females attempt to

nest. Keith (1961) found only 0.45 nests per pair of redheads.

Bellrose (1976:319,469) concluded that non-breeding redheads and ruddy

ducks may be largely yearling birds. Thus, the observed reproductive

success rate for the two species may have underestimated the actual

reproductive success rate by including non-breeding females in my

estimated breeding pair population. Similarly, the lack of renesting

probably prevented an improvement in the reproductive success of both

species. In general, renesting by redheads and ruddy ducks is negli-

gible (Low 1945, Weller 1959, Lokemoen 1966).

Pintail and Cinnamon Teal 

The pintail and cinnamon teal differed considerably in their

use of spacial and temporal resources. Pintails were apparently able

to nest much earlier than cinnamon teal. At the Wildfowl Trust in

Great Britain, Murton and Kear (1975:359) found that cinnamon teal
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required about a 1 hour longer photoperiod to begin nesting than did

pintails. Variations in the median period of nest initiations of the

pintail probably resulted from late winter storms in May. In 1979,

12.2 cm of snow fell in May, whereas only a trace of snow was recorded

for that month in 1980 (U.S. Department of Commerce 1980). Pintail

nesting was delayed about 20 days in 1979. Conversely, the lack of

variation in cinnamon teal nesting (Table 8) probably reflects the

relative stability of environmental factors during the month of June

each year.

Spacially, both species indicated a preference for seasonal

wetlands (Table 6). Extremely high winter precipitation preceding each

of the study seasons created many seasonal wetlands and maintained

water levels through the critical summer brood rearing and renesting

period. Presumably in years following average or below average winter

precipitation the quantity and quality of seasonal wetlands would be

drastically reduced. Given the higher success of the two species on

seasonal wetlands (Table 22), such a deterioration in habitat would

have a negative effect on their breeding efforts (Salyer 1962). Thus,

the distribution and production of both species depends largely on

the number of seasonal wetlands. Likewise, the quality and quantity

of seasonal wetlands in turn are directly affected by precipitation

received during the winter and spring.

Specific morphological properties of the nest sites, however,

differed greatly between the pintail and the cinnamon teal. As indi-

cated by this study and others (Miller and Collins 1954, Sowls 1955,

Rienecker and Anderson 1960, Keith 1961, Smith 1968), pintails tend to
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nest in open cover, often at a considerable distance from water.

Cinnamon teal, however, nested in good concealing cover fairly close

to water. These are well-documented nesting characteristics of the

cinnamon teal (Girard 1941, Spencer 1953, Miller and Collins 1954,

Hunt and Naylor 1955). The difference between the reproductive success

(broods per pair) of the pintail and cinnamon teal suggests that the

two nesting strategies were not equally suited for conditions that

existed on the Anderson Mesa. The proximate cause for the observed

difference in success between the two species was a difference in the

susceptibility of nests to predation.

Although the fate of the pintail nests that I found indicated

that only 25% hatched, the reproductive success indicated that 50% of

the hens successfully hatched clutches. This would have required that

on the average, each hen constructed two nests. Although renesting

probably occurred in 1979 and to a lesser degree in 1980 (Figure 9),

I believe the difference between nesting success and reproductive

success can be more plausibly explained by the distribution of pintail

nests. The ratio of hatched nests to broods reveals that I sampled

only 10% of the total number of successful pintail nests. Because my

nest searching was primarily confined to the basin-upland portion of

the wetlands, the majority of the nests I did not find were probably

constructed further from water, outside of the basin. The dispersal

of pintail nests far from water has been attributed to the chasing of

females by males (McKinney 1973). McKinney (1965), summarizing Smith

(1963), suggested that this dispersal of nests may improve nest success

of pintails by reducing egg predation. Thus, those pintail nests
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outside the basin areas were probably much more successful than

the nests I found in the basin-upland. If some hens did not nest, as

seems likely, and others renested, then an average of one nest per hen

is reasonable. Therefore, a nesting success of about 50% is a realistic

estimate for pintails during this study, and is comparable to the 55%

nesting success given by Bellrose (1976:272).

As opposed to pintails, cinnamon teal showed low nesting success

and low reproductive success. When compared to other studies (Table

26), success of cinnamon teal on the Anderson Mesa was very poor.

Renesting by cinnamon teal failed to compensate for high nest losses to

predators. Renesting is indicated by the bimodal hatching curves in

both 1979 and 1980 (Figure 10). Based also on the frequencies of

clutch sizes (Figure 11), many of the nests were probably renesting

efforts. Hunt and Anderson (1966) found first and second cinnamon

teal nests averaged 10.0 and 8.3 eggs, respectively. I found 44.4% of

the cinnamon teal nests contained eight eggs or less. Furthermore,

the tendency for first clutches to contain more eggs than renests was

shown by Sowls (1955:130) to result in "a decrease in (clutch) size

. . . as the season advances." The negative correlation which I found

between the date of nest initiation and clutch size also indicates

that cinnamon teal renested. Thus, despite renesting, the reprocuctive

success of cinnamon teal remained low. This was largely a result of

nest losses to avian predators.

Several factors potentially influenced the susceptibility of

cinnamon teal nests to predation by crows and ravens. These were
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Table 26. Nesting success of cinnamon teal as reported by other
authors

Number
Source	 of Nests	 Success

Miller and Collins (1954) 40 80.0

Rienecker and Anderson (1960) 37 75.7

Girard (1941) 22 72.0

Steel et al.	 (1956) 66 58.0

Hunt and Naylor (1955) 125 56.0

Hunt and Naylor (1955) 22 54.6

Bellrose (1976) 1,700 51.0

Clark (1977) 85 38.0

Anderson (1957) 23 34.8

Anderson (1956) 70 20.0

Anderson (1956) 56 1.8
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(1) the high use of the wetlands by corvids, (2) the location of the

nests in the basin-upland, and (3) the lack of quality nest cover.

In general, corvids were present at the wetlands throughout

the summer. Corvids did not nest near the wetlands, although nesting

was reported adjacent to the mesa (Hudak 1979). Behavior of the crows

and ravens at the wetlands consisted of activities associated with feed-

ing. The first of these activities consisted of corvids flying at low

levels over the wetlands. Prior to the development of dense, green

emergent vegetation, I witnessed the depredation of several coot nests

by ravens during these "patrol" flights. Secondly, crows and ravens

foraged along the shorelines. This activity usually consisted of a

few to a dozen or so corvids systematically walking along the shore

flipping rocks and apparently feeding on invertebrates and possibly

western chorus frogs (Pseudacris triseriata). The third behavior that

I observed consisted of bands of up to 40 corvids foraging in the wheat-

grass zone of the basin-upland. Finally, in conjunction with these

three foraging activities, crows and ravens often perched in the

ponderosa pine trees immediately surrounding the wetlands. Thus, by

nesting closer to water, within the basin-upland, cinnamon teal placed

their nests in areas more vulnerable to corvid predators than did

pintails. In a general sense, the wetland basins provided a suitable

prey-niche (Royama 1970) in which a variety of prey types were available

(e.g., invertebrates, frogs, eggs) to the corvids. Loman and Goransson

(1978:465) described several search patterns potentially used by crows

in locating prey nests. They stated that crows may actively search

for nests (1) while walking through or flying over vegetation in which



65

nests are located, or (2) while perched in a tree, observing the

movements of the hen to and from the nest. Nests may also be found

accidentally while flying to or from a foraging area, watching terri-

tory from a tree, or foraging on ground for other prey items (Loman

and Goransson 1978).

The efficiency of corvids in finding cinnamon teal nests

suggests more than "chance depradation" (Leopold 1933:243). Foraging

by corvids is often facilitated by the development of a search image

(Croze 1970) in response to visual cues associated with prey. These

search images aid in actively locating prey nests (Murton and Westwood

1977:462). Several factors potentially served as visual cues for the

corvids.

Actions by the observer have been credited with increasing

avian predation. Dwernychuk and Boag (1972) concluded, in part, that

disturbed vegetation resulting from nest searching attracted avian

predators. Picozzi (1976) found crows attracted to simulated nests

marked with stakes. In both cases, a search image was established by

the avian predator which related a non-consumptive visual cue with

the desired prey (eggs). During my study, however, I did not use nest

markers. Furthermore, because nests were generally located in clumps

of vegetation surrrounded by extremely sparse cover, I believe that

disturbed vegetation could not have served as a visual cue. If hen-

nest interactions were important as visual cues, then the act of

flushing hens during nest searching may have increased the risk of

predation. Miller (1976) found that nesting blue-winged teal normally

leave the nest an average of 2.7 times a day. Thus, flushing of hens
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as a part of this study comprised only a small portion of the normal

hen-nest activity and probably did not itself contribute much to the

loss of nests. The mere presence of an observer at the nest may serve

to attract predators. However, the low predation of teal nests on

stock tank dikes indicates that factors other than observer related

activities were important in influencing the vulnerability of nests to

corvid predation.

Insufficient cover at the nest site has been credited with

facilitating the visual location of nests by avian predators (Smith

1971, Dwernychuck and Boag 1972). Generally, though, nest cover by

itself has been regarded as having little effect on avian predation

rates (Kalmbach 1937, Hammond 1949, Hammond and Forward 1956).

Results of my study also indicated that good cover at the nest was not

of primary importance in deterring corvid predation. Although providing

similar cover, cinnamon teal nests on stock tank dikes suffered only

a fraction of the predation experienced by cinnamon teal nests con-

structed elsewhere. Furthermore, although typically constructed in

much sparser vegetation than cinnamon teal nests, pintail nests were

much more successful (excluding cinnamon teal nests on stock tank

dikes).

Cover at the nest is just one component of the nest site that

potentially may have influenced the vulnerability of nests to predation.

Jones and Hungerford (1972) concluded that cover and distance from the

hunting perch were the two most important factors influencing magpie

predation on simulated nests. Pintail nests were generally dispersed

further from the basin-upland than teal nests, and thus were further
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from corvid activities. Because of their location in the wetland,

teal nests on tank dikes were further from corvid perching and foraging

sites than nests constructed in the basin-upland. This may have reduced

the detectability of these nests by crows and ravens.

Another component of the nest site potentially affecting the

susceptibility of the nest to predation is the extent to which tall,

dense cover surrounds the nest. Hammond and Forward (1956:243) felt

"avian predators usually locate nests by observing the ducks activities

associated with approach and departure." Labisky (1957) found that the

size of dense "islands" of unmowed hay, in which duck nests were

located, influenced avian predation. Crow predation was not serious

unless the islands were quite small. Preston (1957) observed that

crows, while perching in trees, watched for hen mallards to return to

their nests. Early nesting mallards were forced to construct their

nests under evergreens devoid of surrounding vegetation. Thus,

"although the nest itself may be well hidden . . . the duck must

necessarily betray it" (Preston 1957:369). On later nesting, more

extensive cover surrounding the nest allowed the hen to "sneak through

such cover for many yards" when leaving or approaching the nest. Nests

constructed under these conditions were apparently less prone to crow

predation. Results of my study also suggest that the lack of escape

cover surrounding the nest may have contributed to the intense depreda-

tion of cinnamon teal nests in the basin-upland. Teal nests constructed

on stock tank dikes were generally located in more continuous stands of

good cover adjacent to water than nests not on stock tank dikes. These

conditions may have allowed the hens to leave and return to the nest
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without disclosing the actual nest site. In addition, the use of dikes

for loafing areas by other ducks may further have reduced the value

of "duck movements" as a visual cue. Cinnamon teal nests in basin-

upland vegetation generally were located in small islands of good

cover surrounded by very sparse cover. Movements of the hen to and

from the nest would readily be visible to those corvids perching in

pine trees or foraging in the basin-upland vegetation.

The lack of continuous, dense cover surrounding the nest sites

increased the vulnerability of cinnamon teal nests in the basin-upland

to predation by corvids. The development of dense cover was inhibited

to a certain degree by winter-spring precipitation. During this study,

extremely high water levels inundated several meters of the basin-

upland resulting in the disturbance of western wheatgrass. This

flooding did not inundate all of the potential cover in the basin-

upland. Grazing and trampling by cattle did prevent the development

of good cover throughout the wheatgrass zone. Hoffman and Stanley

(1978) similarly found that fluctuating water levels and grazing by

cattle prevented the development of shoreline vegetation. During my

study the disturbance of vegetation by flooding and cattle did not

appear to directly limit the availability of nest sites. However,

by reducing such sites as were available to isolated patches of cover

often associated with unpalatable species (see also Sowls (1955:69)

and Capel (1965)), cattle may have facilitated corvid predation on

cinnamon teal nests.

Numerous studies point to the benefits derived from reducing

or eliminating cattle on duck nesting habitat. Clark (1977) found



69

cinnamon teal responded to restricted mowing and grazing by nesting

earlier, nesting in greater densities, and producing more ducklings.

Bue, Blankenship, and Marshall (1952), Duebbert (1969), Kirsch (1969),

Miller (1971), and Gjersing (1975) all reported increased duck produc-

tion attributed to improved cover conditions as a result of reducing or

eliminating cattle on nesting habitat. Kirsch et al. (1978:492)

recommended "the goal of grassland habitat management for upland nest-

ing ducks should be to provide the tallest and most dense residual

vegetation possible." Although obtaining proper use of forage through

grazing is a sound range management practice, it inherently precludes

the development of nesting cover compatible with successful cinnamon

teal nesting.



SUMMARY AND CONCLUSIONS

The wetlands on Anderson Mesa provided suitable breeding

conditions for several species of waterfowl during the study period.

Dominant factors potentially affecting the suitablity of the wetlands

for waterfowl production were winter-spring precipitation, corvid

predation, and cattle.

Redheads and ruddy ducks were largely influenced by water

permanence and the resulting vegetational succession that provided

suitable nesting substrate. Winter temperatures may also have affected

nesting by these two species. A major factor in limiting reproductive

success was nest desertion resulting from nest parasitism. Cattle did

not directly affect nesting by these two species during the study.

Pintails were influenced primarily by the number of shallow,

seasonal wetlands, and thus by the amount of winter-spring precipita-

tion received prior to the nesting season. Their tendency to sucess-

fully nest in sparse cover outside of the basin area reduced the

potential for conflict with both cattle and avian predators.

Cinnamon teal were also influenced by the availability of

seasonal wetlands. However, even under excellent water conditions

as were experienced during this study, cinnamon teal suffered very

poor reproductive success as a result of heavy nest predation by crows

and ravens. A relationship may exist between cover removal by cattle

and the excessive corvid predation on cinnamon teal nests.

70
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As pointed out by Bossenmaier (1964:628), "What is good for one

kind of duck may be unnecessary for a second species and harmful to a

third." The point being that species specific requirements must be

considered for effective management of waterfowl. In the case of the

breeding population of ducks on Anderson Mesa, the lack of good upland

nesting cover had no effect on the redhead and ruddy duck, and little

effect on the pintail. The cinnamon teal, though, was greatly affected

by the lack of cover. Thus, a management program designed to improve

upland nesting cover (e.g., fencing, planting, construction of islands,

etc.) could be expected to primarily improve conditions for the cinnamon

teal and perhaps species such as the mallard and gadwall.
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