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ABSTRACT

This study represents one of the first intensive efforts to locate and 

monitor duck nests in interior Alaska. We located 263, 409 and 450 nests of 12 

duck species on Minto Flats in 1989,1990 and 1991, respectively. We 

conclude that habitat for breeding waterfowl cannot be considered stable in 

interior Alaska. Flooding reduced the availability of meadows which precluded 

ducks from nesting in high-water years despite their presence during the 

Breeding Pair Survey.

Differences in the length of the breeding season and differential response 

to photoperiod between sub-Arctic and prairie nesting ducks suggest the 

potential for genetic differences between populations. Similar clutch sizes 

between high and mid-latitudes, however, suggest that ducks are able to 

compensate for the additional energetic costs associated with breeding at high 

latitudes. Flooding of meadow habitat and low nest success resulting from 

predation probably limit overall duck production on Minto Flats.
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PREFACE

This thesis will be submitted to the Journal of Wildlife Management for 

publication as a Wildlife Monograph. Although this is a single authored thesis, 

the paper is coauthored for publication by my advisor Dr. James S. Sedinger. 

The "we" contained in this paper refers to myself, Dr. Sedinger, and to the field 

technicians who assisted in the collection of data.
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INTRODUCTION

Studies of breeding ducks in North America have been concentrated in 

the mid-continent Prairie-Parklands of the United States and Canada (Batt et al. 

1992), the region historically considered to be the principal breeding area for 

many North American species of ducks (Crissey 1969, Bellrose 1979, Batt et al.

1989). In contrast, relatively few studies have investigated the breeding biology 

of ducks in sub-Arctic and Arctic regions of North America, probably because 

densities of breeding ducks in these areas are thought to be lower compared to 

more temperate areas (Wellein and Lumsden 1964, Johnson and Grier 1988). 

Consequently, the contribution of northern areas to the overall production of 

ducks is believed to be less important than duck production from the Prairie- 

Parklands (Smith 1970, Pospahala et al. 1974). Nevertheless, certain high 

latitude wetlands have been recognized for their high-quality habitat for 

waterfowl (Gabrielson 1952, Wellein and Lumsden 1964, Conant and Hodges 

1985, King 1985).

Recent declines in populations of most prairie ducks have generated 

greater interest in the role northern wetlands play in the annual production of 

duck populations continent wide. In Alaska, population indices of ducks have 

remained relatively stable, or even increased (Conant and Dau 1989, 1990,

1991). As a result, several species of ducks in Alaska currently constitute a 

greater proportion of the continental breeding population than was true 

historically. Only a few ground-based studies, however, have been conducted 

in Alaska (Hooper 1952, Rowinski 1958, Lensink 1965, Burris 1991, Mann 1991) 

that address the breeding ecology of ducks; therefore, basic questions 

regarding the breeding biology of ducks in Alaska remain unanswered.



Estimates of clutch size, timing of nesting, nest success, and variation in these 

parameters within, and among seasons for ducks nesting in the north are 

unavailable. Furthermore, breeding communities of ducks in Alaska and their 

preferred nesting habitats have yet to be identified from the ground, thereby 

preventing assessment of potential biases in aerial surveys, which provide most 

data on Alaskan ducks. As a result, estimates of Alaska’s contribution to the 

production of North America’s ducks are poor. No data exist in Alaska that 

directly correlates the number of nesting ducks with the Breeding Pair Surveys 

(BPS) conducted by the U. S. Fish and Wildlife Service. As a result, the 

proportion of ducks counted during aerial surveys that actually nest is 

unknown. This concern is greater for northern regions where production may 

vary more than BPS suggest if ducks displaced from the prairies during drought 

years (Hansen and McKnight 1964, Derksen and Eldridge 1980) are counted 

during aerial surveys in Alaska, but nest at a variable rate. Additionally, the size 

of the breeding population of ducks in Alaska may be overestimated by the BPS 

if habitat conditions on waterfowl breeding areas in Alaska vary annually, and 

variation in habitat quality prevents ducks from nesting. To address this 

question, we compare the number and species composition of duck nests 

located on Minto Flats, an interior Alaska marsh, with results of the BPS for the 

same area. Because habitat conditions varied markedly among years of the 

study, we examined the relationship between ground (nests) and aerial (pairs) 

counts with respect to availability of nesting habitat in interior Alaska. Extensive 

flooding during two years of the study reduced the availability of potential 

nesting habitat, providing an opportunity to examine the effects of varying
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habitat availability on habitat selection by nesting ducks. We test the hypothesis 

that ducks select nesting habitat based on preference rather than availability.

We also compare results of our study with data collected in the 1950’s 

for the same area to evaluate the stability of the duck community on Minto Flats, 

including the relative abundance of duck nests, and breeding ducks counted 

from the air during surveys in spring for each period. Nest searches in the 

1950’s were less intensive than was our nest-searching effort; however, there 

was substantial overlap in areas searched by these studies. Areas covered by 

aerial surveys also were similar, but more area was surveyed from the air on 

Minto Flats in the 1950’s (Rowinski 1958).

Productivity of waterfowl could differ between northern and temperate 

breeding areas owing to latitudinal differences in reproductive patterns (Rowher

1992). Few data from northern breeding areas, however, limit our ability to 

determine if latitudinal variation in productivity exist among ducks. Hypotheses 

suggest that productivity of ducks is lower at high latitudes than at mid-latitudes 

(Smith 1970, Pospahala et al. 1974, Calverley and Boag 1977). Calverley and 

Boag (1977) suggested that northern pintails and mallards breeding in the 

Arctic produce fewer offspring, compared to birds nesting at temperate 

latitudes. They hypothesized that lower reproductive potential exhibited by 

ducks in the Arctic resulted from their increased energetic costs associated with 

a longer migration and the lack of available food prior to egg laying. These 

hypotheses may not apply to ducks nesting in the boreal forest, however, 

because the growing season is longer and wetlands are probably more 

productive in interior Alaska than in the Arctic coastal tundra (Heglund 1988, 

Jacobs 1992); therefore, we predict that productivity of ducks in interior Alaska

12



is more similar to productivity of ducks in the mid-continent than indicated by 

Calverley and Boag (1977). To test for differences in productivity between 

ducks in sub-Arctic and mid-continent regions, we compared clutch sizes of 5 

duck species known to nest at both latitudes. We also compared length of the 

nesting period, and rates of nest success between regions to determine the 

effect of these variables on duck production in the North. A delayed and 

abbreviated nesting season, for example, could limit duck production from 

breeding areas at high latitudes if these factors preclude renesting. Nest 

success, on the other hand, may be higher at high latitudes compared to 

temperate areas because habitats used by nesting ducks in the north are 

relatively pristine, unlike the prairies where nest failure resulting from destruction 

by agricultural machinery, and depredation severely curtails duck production 

(Klett et al. 1988). The effect of nest predators on duck production in the north, 

however, has not been determined.

Acknowledgments.--Funding for this study was provided by the United 

States Fish and Wildlife Service (USFWS, Migratory Bird Management Region 

7), California Waterfowl Association in conjunction with the Bill and Andra Ready 

Fellowship, and the Alaska Department of Fish and Game. Logistic support 

was provided by the Alaska Cooperative Fisheries and Wildlife Research Unit, 

Institute of Arctic Biology, and the Department of Biology and Wildlife, University 

of Alaska Fairbanks. We are greatly indebted to C. F. Adams, G. J. Berger, D. 

W. Crowley, J. D. Gilbert, D. Hollingshead, A. S. Larsen, M. C. MacCluskie, J. F. 

Rabley, and R. J. Rovancek for their assistance in collecting nest data. We 

gratefully acknowledge R. J. King (USFWS, Migratory Bird Management, 

Fairbanks) for providing much needed aerial and logistic support throughout
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the study. We thank F. A. Burris, P. Bruce, F. E. Mann, P. L. Flint, M. Evenson, 

M. Crowley, J. Crowley, M. A. Radke, and N. Chelgrens for providing 

intermittent assistance and logistical support. J. Wright (Alas. Dep. Fish and 

Game, Fairbanks) provided first arrival dates for ducks in Fairbanks. P. L. Flint 

provided valuable computer and statistical assistance. J. Hodges provided 

Breeding Pair Survey results for ducks on the Minto Flats segments. We thank 

A. D. Afton, D. C. Duncan, J. T. Lokemoen, R. D. Sayler, M. Wilms and J. J. 

Rotella for providing unpublished clutch size data. R. T. Bowyer, and M. 

Oswood provided helpful comments on the manuscript.

STUDY AREA

The study was conducted on Minto Flats, Alaska (64° 50’N, 148° 50’W) 

from May through August in 1989,1990 and 1991. Minto Flats is a wetland in 

interior Alaska located ca. 220 km south of the Arctic Circle (Fig. 1), accessible 

only by riverboat, snowmachine or floatplane from Fairbanks, Alaska which is 

located ca. 60 km east of the study site (Fig. 1). Field operations during the 

study were based at a cabin owned by the Institute of Arctic Biology (UAF) and 

maintained jointly with the USFWS. The cabin is located in the Minto Lakes 

area, a complex of large lakes situated in the southeast portion of Minto Flats 

(Fig. 1). Travel throughout the study area was on foot or by riverboat.

Minto Flats encompasses ca. 145,000 ha of low-lying wetlands (Rowinski 

1958). This area is bounded on the north by the Tolovana River, on the east by 

a range of hills, to the south by the Tanana River, and to the west by the Tanana 

and Tolovana rivers (Hooper 1952). Goldstream Creek, and the Chatanika, 

Tatalina, and Tolovana rivers drain Minto Flats (Fig. 1). This interconnected
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system of waterways facilitates access to the numerous ponds and lakes in this 

area.

Habitat Types

Frequent flooding of low-lying areas on Minto Flats helps maintain large 

meadows. Natural levees along major rivers are well-defined and, along with 

other areas of higher elevation, support mature stands of paper birch (Betula 

oapvrifera). quaking aspen (Pooulus tremuloidesl, cottonwood (Populus 

bajsamjfera), and white spruce (Picea alaucal. Levees along channels and 

sloughs are lower and lined with thick stands of willow (Salix sp.), and alder 

(Alnus sp.), or bordered by meadows. Zones of emergent vegetation bordering 

wetlands are dominated by pendent grass (Arctophvla fulva). water smartweed 

('Polygonum amphibiurn) and horsetail (Eauisetum sp.). Cattail (Typha sp.) is 

not a common emergent, but does occur. Water milfoil (Mvriophvlum sp.), and 

pondweed (Potamoaeton sp.) comprise a large segment of the submergent 

community. The abundance and persistence of these emergent and 

submergent zones is dependent, in part, on water levels during the season. We 

classified habitats on Minto Flats into 7 habitat types based on vegetative 

communities. Plant nomenclature follows Hulten (1968).

Meadow.-Maintained by frequent flooding, meadows were generally 

open (no woody canopy) and varied in size from small strips (<50 m) bordering 

ponds and lakes to large openings > 100 ha. Vegetation occurring in 

meadows was influenced mainly by elevation and frequency of flooding.

Ground cover in more elevated meadows was composed of monotypic stands 

of bluejoint grass (Calamaarostis canadensis). On well-drained sites, bluejoint 

grass reached heights of 2 m by late June. Many meadows contained saplings
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of willows and paper birch, whereas mature stands of willow occurred in 

patches only in the most elevated meadows. Mixed stands of bluejoint grass, 

sedge (Carex sp.) and marsh five-finger (Potentilla oalustris) grew in less- 

elevated meadows, whereas pure stands of sedges and horsetail (Equisetum 

fluviatile) grew in moist, poorly drained soils. Meadow habitat usually was 

devoid of low-shrub vegetation, but patches of cassandra (Chamaedaphne 

calyculata), and sweet gale (Mvrica aale) were common locally.

Boreal Forest.-Pure and mixed stands of paper birch, white spruce, 

quaking aspen, and cottonwood composed the canopy in boreal forests. 

Understory varied from relatively open to dense and was composed mostly of 

rose (Rosa sp.), horsetail (Eauisetum arvense). high-bush cranberry (Viburnum 

edule), fireweed (Epilobium anaustifolium) and grasses. Boreal forests were 

located along rivers and elevated areas throughout Minto Flats.

Alder-Willow Thicket.--Stands of willow and alder were usually located 

along banks of sloughs and channels and in close association with boreal- 

forest habitat. The dense canopy and dense stem cover in this habitat type 

inhibited understory plant growth.

Black Spruce Bog.-This habitat was characterized by thick to relatively 

open stands of black spruce (Pjcea mariana), located in low-lying permafrost 

basins. Substrate consisted of thick (usually wet) mats of moss (Sphagnum 

sp.), with bog rosemary (Andromeda polifolia), labrador tea (Ledum palustre), 

blueberry (Vaccinium sp.), dwarf birch (Betula nana) and cotton grass 

(Eriophorum sp.) forming the ground cover.

Mixed Shrub.-Mixed-shrub habitat contained the densest ground cover. 

These areas were comprised of thick, intertwined stands of woody vegetation,
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ca. 1 m high. Dwarf birch, sweet gale, and heath vegetation (Ericaceae) 

composed the dominant plant species.

Early Succession.-Early-succession habitat was recently burned (<10 

years earlier). These areas were composed of moderately thick stands of 

young paper birch and willow. Dead-falls and grasses composed the ground 

cover.

Floating Vegetation .-Small islands (<1.5 ha) were present throughout 

the Minto Lakes area. These islands were more abundant during high-water 

years when they represented nearly the only dry, open habitat in early spring, 

when meadows were flooded. As summer progressed, warmer temperatures 

melted ice foundations underlying islands causing many to sink. Islands that 

persisted tended to float, yet were anchored in place. Floating islands were 

composed mostly of grasses or sedges in early spring, but hydrophylic species 

including buckbean (Menvanthes trifoliataf. water parsnip (Sjurn suave), and 

calamus (Acorus calamus) were common later in the season. On some of the 

more stable islands grasses and sedges persisted throughout the season. 

Floating vegetation also consisted of buckbean mats, present along many 

pond, lake, and island edges.

Water Regime

Waterbodies on Minto Flats tend to be eutrophic (Jacobs 1992), are 

relatively permanent and vary in size from large lakes (8.5 km 2) (Jacobs 1992) 

to small ponds and oxbows (<1 ha.). Lake and pond numbers, and shoreline 

area vary annually depending on water level. Numerous individual ponds are 

connected to adjacent water bodies when flooded, creating large, shallow 

lakes.



The topography of Minto Flats varies < 15 m in elevation (Hooper 1952), 

causing flooding of large areas with only a slight increase in water level. Snow 

pack accumulated during winter in the watersheds of rivers flowing through 

Minto Flats, and the rate of snow melt during break-up directly influences water 

levels on Minto Flats. In years of heavy snow pack and rapid spring run-off, 

spring flooding is extensive. Ice jams on the Tanana, Tolovana, or Chatanika 

rivers can restrict water flow leaving Minto Flats (Fig. 1). As a result, low-lying 

meadows become completely inundated. Water levels usually recede during 

summer, but summer rains can affect water levels by influencing the rate at 

which water levels recede, or by causing water levels to rise.

Minto Lakes

The Minto Lakes area (Fig. 1) contains the largest lakes on the study 

area (Big and Little Minto Lakes), and has the highest concentrations of ducks 

during the nesting and post-fledging periods (Rowinski 1958). Both Big and 

Little Minto lakes are drained solely by Goldstream Creek, which subsequently 

empties into the Chatanika River (Fig. 1). When water levels are high in the 

Chatanika River, water flow leaving the Minto Lakes area is slowed. During 

extreme flooding, high water in the Chatanika River reverses the flow of water 

leaving Minto Lakes, thereby elevating water levels in Big and Little Minto lakes, 

and adjoining sloughs and channels. When flooding is severe, virtually all 

meadows in the Minto Lakes region become inundated.

Climate

Weather on Minto Flats is similar to Fairbanks, Alaska. Days with 

minimum temperatures of -34 C are common during winter, whereas few days 

have temperatures > 26 C in summer. Temperatures average 15.7 C during

18
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summer and -26 C during winter (Andrews 1988). Annual precipitation 

averages 29-43 cm (Andrews 1988) and winds, which are stronger on Minto 

Flats than Fairbanks (Rowinski 1958), are typically from the north. Lakes and 

rivers are typically free of ice in late May, and surface ice may form on 

waterbodies as early as mid-September.

Waterfowl Use

The Waterfowl Breeding Population Survey (BPS) has been conducted 

annually in Alaska by the United States Fish and Wildlife Service since the mid- 

1950’s. Minto Flats is a subunit of the Tanana-Kuskokwim Stratum (Stratum 3). 

Three of the 18 aerial segments surveyed in Stratum 3 are located on Minto 

Flats (Fig. 1). Results from these surveys suggest that Minto Flats is one of the 

highest-quality habitats for waterfowl in Alaska, and perhaps North America 

(Conant and Flodges 1985). From 1978-1985, mean figures for waterfowl 

populations, adjusted for standard visibility rates, for segments on Minto Flats 

were 91.6 ducks/km2 (150.3 ducks/mi2) and 8.8 ducks/pond for dabblers 

(Anatini), and 35.8 ducks/km2 (58.8 ducks/mi2) and 3.4 ducks/pond for divers 

(Aythyini) (Conant and Hodges 1985).

Large concentrations of juvenile and adult ducks, and flocks of white- 

fronted geese (Anser albifrons) and Canada geese (Branta canadensis) occur 

on the study area from early to mid-August, especially in the Minto Lakes area.

A large number of these birds remain on Minto Flats through September, 

making the area popular for waterfowl hunting.

Faunal Community and Potential Nest Predators

Minto Flats supports a diverse group of birds and mammals. Ninety-nine 

species of birds and 11 species of mammals were observed on the study area.



Moose (Aloes alces) were commonly encountered on Minto Flats, and on 

occasion acted aggressively towards nest searching crews, especially during 

the calving season in late May. Of 18 species of mammals known to occur on 

Minto Flats (Alas. Dep. Fish and Game 1991), red fox (Vulpes vulpeg), mink 

(Mustela visonl. short-tailed weasel (Mustela erminea), and least weasel 

(Mustela nivalisl are the most likely predators of duck nests. Mew gulls (Larus 

canys), and ravens (Corvus coraxl are the avian species present on the study 

area known to prey on duck nests.

METHODS

Areas Searched for Duck Nests

We planned to search 25 (0.4 by 0.8 km) random plots for duck nests. 

Random plots were selected from topographic maps of Minto Flats to ensure 

that searches for duck nests were conducted across a variety of habitat types 

(Fig. 2 and Fig. 3). Because plots were accessed only by boat or on foot, only 

areas < 3.2 km from an accessible waterway were considered. In 1989, we 

searched only 14 random plots (Table 1) because not all plots were available 

owing to high water. Extensive flooding from May through June inundated most 

low-lying meadows (Fig. 3), therefore, portions of, or entire, random plots 

containing this habitat type could not be searched. Consequently, 9 random 

plots searched in 1989 contained proportionally more upland habitat (boreal 

forest, bog, thickets, shrub, early succession) and less meadow habitat. We 

reduced the number of random plots searched in upland habitat types in 1990 

and 1991 because of low densities of nests in these areas in 1989. In 1990 and 

1991, a total of 9 and 4 random plots were searched (Table 1).



To increase our sample of duck nests, we searched nonrandom plots (<

1 to 100 ha) in addition to random ones. A large proportion of nonrandom plots 

(92%) were located in the southern portion of the study area including the Minto 

Lakes area (Fig. 2 and 3). Boundaries of nonrandom plots were defined by 

geographic features (e.g., islands), or landmarks distinguishable on aerial 

photographs. Nonrandom plots were composed mostly of open habitats 

(meadow or floating vegetation); however, upland habitats also were searched. 

We attempted to search the same nonrandom plots in each year, but in 1991, 

we expanded our effort to include nonrandom plots not searched in either of the 

previous years. We searched 35, 30, and 72 nonrandom plots in 1989,1990, 

and 1991, respectively (Table 1). Overall, average plot sizes were smaller 

during high-water years, with a greater proportion of these plots on islands 

(Table 1). Island size decreased with increasing water level (Table 1). The 

number of random and nonrandom plots searched, the initial search, and 

frequency of searches (range 1-5) for each plot depended on when, and if, the 

area became dry and its proximity to our cabin; plots > 12 km from the cabin

were visited less often.

Total area of each plot searched was calculated from aerial photographs 

using a Calcomp 9000 digitizer. Areas of small plots (<0.5 ha) were estimated 

visually. Area covered by each habitat within each plot was estimated by 

ground-truthing aerial photographs. Approximately 423 ha, 639 ha, and 142 ha 

in 7 habitat types were searched for duck nests at least once in 1989, 1990, and 

1991, respectively (Table 2). We searched substantially more meadow habitat 

in 1989 (249 ha; 59% of total) and 1990 (573 ha; 90% of total) than other habitat 

types (Table 2). In 1989, however, most meadow habitat was searched late in
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the season (after June 15), because it was not available earlier, owing to spring 

flooding. In 1991, water levels remained high throughout the field season, 

consequently we searched only 58 ha (41% of total) of meadow habitat, much 

less than in 1989 and 1990 (Table 2). Areas categorized as boreal forest 

comprised the second largest habitat type searched in 1989 (67 ha), and 1990 

(34 ha) (Table 2). In 1991, we searched approximately 59 ha categorized as 

boreal forest, similar to the area searched in meadow habitat that year. Thus, 

boreal forest composed a greater proportion of the total area searched in 1991 

(42% of total) than in 1989 and 1990 (16% and 5%, respectively) (Table 2).

Approximately 47 ha (11% of total), 13 ha (2% of total), and 3 ha (2% of 

total) were searched in alder-willow thickets in 1989, 1990, and 1991, 

respectively (Table 2). Area searched in black spruce bog, mixed shrub, and 

early succession habitats combined, comprised 13% (55 ha), 3% (15 ha), and 

9% (13 ha) of the total area searched in 1989,1990, and 1991, respectively. No 

mixed shrub habitat was searched in 1990, and no black spruce bog was 

searched in 1991 (Table 2). Areas categorized as floating vegetation were 

searched least in 1989 (5.6 ha; <2% of total) and 1990 (2.5 ha; <1% of total).

In 1991, floating vegetation was the 3rd most common habitat type searched 

(8.2 ha, <6% of total) (Table 2).

Of the 573 ha of meadow habitat searched on plots in 1990, a low-water 

year, approximately 492 ha in 1989, and 518 ha in 1991 were not available 

because of flooding (Fig. 3) and consequently were not searched in those years 

(Table 2). Less than 3 ha of the 13 ha of alder-willow thicket searched on plots 

in 1990 was not available in 1991 (Table 2). In 1989 we searched approximately 

180 ha of nesting habitat on plots that were not searched in either 1990, or



1991, while in 1991 we searched approximately 55 ha of nesting habitat on plots 

that was not searched in either 1989, or 1990 (Table 2).

To quantify variation in the availability of habitat types among years on 

the study area, we estimated the relative abundance of habitat types from aerial 

photographs. We used aerial photographs taken in August 1979, the only year 

complete photographs of the study area were available. Water levels on aerial 

photographs were more similar to 1990 than 1989 and 1991. Because we 

could not distinguish among all upland habitats on aerial photographs in areas 

not searched on the ground, boreal forest, bog, thickets, shrub, and early 

succession habitat types were combined to estimate the relative abundance of 

upland habitats. Additionally, because islands of floating vegetation were not 

distinguishable on aerial photographs, and because they compose a relatively 

small proportion of the study area (especially in low water years) they were not 

differentiated in our estimate of relative abundance of habitat types. The entire 

study area was not surveyed during nest searches; therefore, we used the 

relative abundance of habitat types on areas searched to adjust for annual 

variation in the relative abundance of upland and meadow habitats on the entire 

study area. We believe these estimates are appropriate because water levels 

on areas searched were similar to water levels on the entire study area through 

June, after the peak of nest initiation for all species of ducks. In 1990, ca. 36% 

of Minto Flats was composed of meadow habitat, while 52% was in upland 

habitat types, and 12% was covered by water (Table 3). Based on the relative 

availability of habitat types in areas searched for duck nests in high water years 

(Table 2), 86% and 90% of meadow habitat was not available (flooded) in 1989 

and 1991, respectively, while 18% of upland habitat types were not available in
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1991. Thus, meadow habitats comprised approximately 5% and 4% of the 

study area in 1989 and 1991, respectively, while upland habitat types comprised 

52% and 43% of the study area in these 2 years (Table 3). Forty-three percent 

and 53% of Minto Flats was covered by water through the end of June in 1989 

and 1991, respectively (Table 3).

Nest Searches, Nest Data and Nest Success

Searches for duck nests began on 15 May in 1989 and 1990, and 19 

May in 1991, and ended in early to mid-July. We searched all plots on foot, and 

nests were located by flushing the hen. Two dogs (retriever breeds) also were 

used during nest searches to locate nests unattended by the hen. In meadows, 

we searched for nests by dragging a 30-m rope between 2 people. Trailing 

strings of cans were attached to the rope to create additional disturbance. In 

shrubby or forested habitats, when rope dragging was not possible, we 

searched for nests by spacing 4-5 people ca. 4 m apart. Using a compass to 

maintain a straight line, we then walked parallel to each other over the entire 

plot. To ensure that plots were completely searched during both methods of 

searching, surveyor’s flagging was tied to vegetation every 20-30 m to mark 

boundaries of areas previously searched.

When we located a duck nest, the nest was assigned a number and its 

location was marked with surveyor’s flagging up to 8 m from the nest bowl. We 

cleaned the eggs of fecal material, assigned each egg a number and labeled 

them with indelible ink. We also recorded the date the nest was located, 

species of duck, and clutch size. We measured maximum length and width of 

each egg in the clutch to the nearest 0.1 mm using dial calipers. Egg mass was 

measured to the nearest 0.5 g with a spring scale. Distance from the nest to the
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nearest body of water was estimated visually (nearest 10 m). When water could 

not be observed from the nest site, we estimated the distance to water from 

aerial photographs (nearest 1m). We estimated the stage of incubation by field 

candling (Weller 1956), and hatch date was estimated from stage of incubation 

using average incubation periods (Bellrose 1980). Northern pintails and green

winged teal were assigned a 22-day incubation period; northern shovelers, 

American wigeon and blue-winged teal (Anas discors) were assigned a 24-day 

incubation period; scaup, canvasback (Avthva valisineria), redheads (Avthva 

amencana), and gadwalls (Anas streperal were assigned a 25-day incubation 

period; mallards were assigned a 28-day incubation period. We estimated the 

date of nest initiation by: 1) locating nests during the laying period and 

assuming that one egg was laid per day; 2) back-dating from known hatch 

dates; or 3) back-dating from stage of incubation.

We estimated clutch size by counting eggs for nests located during 

incubation. Clutch sizes of nests located during the laying period that 

subsequently failed, suspected "dump" nests (i.e., nests used by more than one 

hen of the same species), and eggs suspected of being laid by other duck 

species (i.e., parasitized nests) were not included in our analysis of clutch size.

To minimize the effect of our presence at the nest site, most duck nests 

were revisited only on subsequent searches of plots (search interval for most 

plots was 10-15 days). Nests located in remote areas (> 12 km from our cabin) 

were not revisited until after their expected hatch dates. On the final nest visit 

each nest was placed into 1 of 6 fate categories (hatched, depredated, 

abandoned, flooded, failed-unknown causes, unknown) (Table 4).



We estimated apparent nest success by calculating the proportion of 

nests that hatched. We also calculated nest success using a modified Mayfield 

estimate (Johnson 1979). To calculate exposure days (number of days the nest 

was considered active) for destroyed nests (i.e., depredated, abandoned, 

flooded, failed) with intervals between nest visits >15 days (q = 54) we used 

Johnson’s 40% method (Johnson 1979). For destroyed nests with intervals 

between nest visits of < 15 days (n=524) we used Mayfield’s midpoint 

assumption (Mayfield 1961 and 1975, Johnson 1979) to calculate exposure 

days. We used mean incubation periods (Bellrose 1980) plus average clutch 

sizes of ducks on Minto Flats as maximum exposure periods for each species 

when calculating nest success. Nests of unknown fate were not included when 

estimating success rates of nests using apparent and Mayfield methods. 

Variances and 95% C.L. for daily rates of survival of nests were calculated using 

methods described by Johnson (1979), where variances were estimated by 

dividing exposure days (cubed) by the product of the number of nest failures 

and exposure days, less the number of nest failures. The standard error was 

calculated by taking the square root of the variance (Johnson 1979). 

Comparisons of nest success among species, locations, and years were 

examined using a Chi-square test described by Sauer and Williams (1989). 

When significant variation (P<0.05) in daily rates of survival of nests was 

detected among grouping variables, we performed multiple comparison tests 

using the Bonferroni method, maintaining an experimentwise error o f  a = 0.05 

(Sauer and Williams 1989). We estimated daily survival rates of nests in relation 

to age of nest, and calendar date (Klett and Johnson 1982) to determine if 

variation in daily survival rate was related to these variables.



We could not calculate Mayfield estimates of nest success for some 

nests because they hatched, or failed before we located them, or because 

insufficient data precluded us from determining an exposure period. Therefore, 

our sample of nests was larger for apparent than for Mayfield estimates of nest 

success.

Nest Identification

Nests usually were identified to species by observing the hen when she 

flushed. When we located a nest unattended by the hen, we used markings on 

breast feathers lining the nest bowl (Klett et al. 1986), and size and color of 

eggs (Bellrose 1980) to determine the species associated with that nest.

We frequently could not visually distinguish among hens of lesser scaup, 

greater scaup (Avthva marilal. and ringneck ducks (Avthva collarisl when they 

flushed from the nest. We used size of eggs to distinguish nests of these duck 

species. Two distinct distributions of frequency in egg size were apparent, 

enabling us to identify nests of greater scaup which lay eggs that are 

significantly larger than lesser scaup and ringneck ducks (Bellrose 1980).

Lesser scaup and ringneck ducks, however, lay similar-sized eggs (Bellrose 

1980), therefore, nests from these two species could not be separated by this 

method. Because only 2 broods of ring-necked ducks were observed during 

the study, we believe that the rare occurrence of ringneck ducks minimized mis- 

identification for nests of lesser scaup.

Nesting Habitat

We assigned each duck nest to a habitat type. At the coarsest scale, we 

considered meadows and floating vegetation as open habitat types, whereas 

the remaining categories of habitats were considered upland types. We used



Neu et al.’s (1974) method to test whether ducks preferred or avoided these 

habitats for nesting. Because nest-site selection by ducks is influenced by 

habitat variables in the immediate vicinity of the nest bowl (Cowardin et al.

1985), we visually estimated percent cover of the 3 most dominant plant species 

within 0.5 m of the nest. We then used principle component analysis (PCA) to 

reduce the dimensionality of the percentage cover of plants at the nest site.

Plant species with similar physical characteristics, or that occupied similar 

habitat types, were combined for PC analysis to facilitate interpretation. 

Cassandra, sweet gale, and dwarf birch were classified as low-shrub 

vegetation. Willow and alder were considered tall shrubs. Paper birch, spruce, 

fireweed, and rose were pooled into upland vegetation. Labrador tea, bog 

rosemary, and berry (Vaccinium sp.) were classified as bog vegetation. 

Smartweed, pendant grass, and cattail were emergent vegetation. We 

restricted PCA analysis to nests of northern pintail, mallard, northern shoveler, 

green-winged teal, American wigeon, and scaup, species for which we located 

>10 nests/year. Nests of greater scaup were combined with lesser scaup in 

this analysis.

We calculated mean PC scores and 95% confidence ellipses for each 

duck species in each year of study. PC1 and PC2 scores were used separately 

in an analysis of variance (ANOVA) to test for differences in nesting habitat 

among species and years. We used a Tukey Studentized Range Method for 

multiple comparisons when significant variation (P<0.05) in mean PC scores 

was detected among species. Statistical procedures were performed using 

BMDP (Dixon 1985) statistical software.
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Annual Variation in the Breeding Duck Community

We conducted nest searches on sample plots that varied annually in size 

and number. For comparison of the relative abundance of nesting ducks 

among years, we controlled for differences in our nest-searching effort by 

standardizing the number and area of plots searched. We limited our sample of 

nests to those located on plots (random and nonrandom), or portions of plots, 

that were searched in all 3 years, plus those on plots searched in 1990 that 

would have been searched in 1989, or 1991, but were not available owing to 

extreme flooding.

We used these standardized nest numbers to examine the correlation 

between the number and species composition of nesting ducks on Minto Flats 

and the potential breeding population counted from the air by the USFWS 

during the BPS. Ground counts of nests were compared to aerial results for the 

18 segments surveyed in Stratum 3 (Tanana-Kuskokwim), and a subset of 

these, 3 segments surveyed in Minto Flats, a sub-unit of Stratum 3 (Fig. 1). Of 

the 15,066 km2 (9,300 mi2) in Stratum 3, 213.8 km2 (132 mi2) are sampled by 

survey crews from the air (Johnson and Grier 1988), 19.4 km2 (12 mi2) of which 

are surveyed within Minto Flats (Conant and Hodges 1985). Cavity-nesting 

ducks counted during the BPS were excluded from our analysis because we did 

not search for such nests. Because it is possible that a small fraction of nests 

determined to be scaup were actually ringneck ducks, we included ringneck 

ducks counted during the BPS with scaup for comparison with our data. 

Temporal and Geographic Variation in Clutch Size

We regressed clutch sizes of ducks nesting on Minto Flats against 

initiation dates of nests to test for temporal variation in clutch size. We also



tested for geographic variation in clutch size by comparing clutch sizes of ducks 

nesting on Minto Flats with clutch sizes of ducks nesting in breeding areas of 

the mid-continent (North Dakota; Minnedosa, Manitoba; Brooks, Alberta). We 

used analysis of covariance (ANCOVA), in which geographic location was the 

fixed factor and initiation date was the covariate. Because data were available 

from different areas for each species, we analyzed data separately for each 

duck species. Only data for years and areas with >12 nests for individual 

species were used in analysis of geographic and temporal variation. Before 

comparing clutch sizes across areas, we tested each location separately for 

annual variation in clutch size while controlling for mean initiation date using 

ANCOVA. When adjusted means of clutch sizes were not significantly different 

(P >0.08) among years we pooled data among years within locations. We 

could not test for annual variation in clutch sizes for northern pintails in Brooks, 

Alberta. We knew a priori, however, that clutch size did not differ among years 

for data on northern pintails used in this analysis (Duncan 1987a). Year was 

retained in the analysis for species in which clutch size varied among years in at 

least one area. Equality of slopes was ignored when testing for annual variation 

in clutch size within locations (mallards in both North Dakota locations and 

Minto Flats), because unequal slopes increase the variation within each location 

making differences among locations more difficult to detect (i.e., our analyses 

for annual variation were conservative). We controlled for variation in the timing 

of nesting among areas by using the initiation date relative to the mean for each 

area, rather than the crude initiation dates as the covariate in our analysis 

because of the large differences in nest initiation dates (for most species) 

between Alaska and breeding areas in the mid-continent, and because peak



initiation dates were not evident for some areas. We used a test of least 

significant difference when making pair-wise comparisons of adjusted mean 

clutch sizes among geographic locations for each species when the overall 

area effect was significant (Carmer and Swanson 1973).

RESULTS 

Weather

Ice break-up on rivers on Minto Flats was already complete and land was 

virtually free of snow, when we arrived on the study area in mid-May of each 

year. Large sheets of winter ice, however, were still present on the larger lakes. 

Winter ice on Big and Little Minto lakes covered ca. 70% of the lake’s surface in 

1989 and 1991. We observed flocks of northern pintails loafing on these ice 

rafts in 1989. In 1990, ca. 40% of lake surfaces were covered by ice when we 

arrived on the study area. Combining this observation with climatic variables 

(i.e., temperature), and break-up dates of rivers near Fairbanks (River Forecast 

Center, National Weather Service), we believe that break-up on Minto Flats 

occurred approximately 1 week earlier in 1990 than 1989 and 1991.

Spring thaw in 1989 and 1991 was relatively late and rapid (Fig. 4), 

resulting in extensive spring flooding on Minto Flats. Small islands of floating 

vegetation and several small sized meadows were the only open areas available 

to ducks early in the nesting season near Minto Lakes where banks of sloughs, 

channels, ponds and lakes were indiscernible because of high water (Fig. 3).

In 1989, spring flooding persisted from break-up in early May through 

mid-June when some meadow habitat became available to nesting ducks. 

Heavy rainfall in late June (>7.0 cm), however, caused water levels to rise again 

flooding many low-lying meadows. In 1991 record levels of snow were



recorded in Fairbanks and surrounding areas (National Weather Service) (Fig. 

4). Consequently, water levels were even higher on Minto Flats in 1991 than in

1989 and remained high throughout nest initiation.

Water levels on Minto Flats were lower in 1990 than in 1989 and 1991 

(Fig. 3), yet, were higher than some years in the 1980’s (F. Burris, pers. 

commun.). Snow cover in 1990 was similar to 1989, but, spring thaw in 1990 

began early and was gradual (Fig. 4), thereby minimizing spring flooding. 

Meadow habitat was therefore available to nesting ducks throughout 1990.

Daily minimum temperatures never fell below freezing while we were at 

Minto Flats (Fig. 5). Daily minimum temperatures recorded at Fairbanks 

(National Weather Service) show the last day of freezing temperatures (<0 C) 

occurred on 12 May in 1989 (-3 C), 3 May in 1990 (-1 C), and 12 May in 1991 (- 

1 C) (National Weather Service). First day of freezing temperatures during 

autumn in Fairbanks occurred on 16 September in 1989 (-3 C), 8 September in

1990 (-1 C), and 29 August in 1991 (-1 C) (National Weather Service). Thus, the 

minimum number of frost-free days was 126, 127, and 108 days in 1989, 1990, 

and 1991, respectively.

Daily temperature on Minto Flats varied from a low of 1 C to a high of 33 

C (Fig. 5). Average daily temperatures (maximum+minumum temperature/2) 

in May, June, July, and August for the 3 years combined were 14.0 C, 18.1 C, 

18.6 C, and 16.8 C, respectively.

Total measurable rainfall while we were present on the study area was 

16.8 cm in 1989, 21.3 cm in 1990, and 6.4 cm in 1991; no snow or hail was 

observed. Nearly 50% (8.1 cm) of the total rainfall in 1989 fell during the last 

week in June (Fig. 5). Slightly over 40% (9.4 cm) of the total rainfall in 1990 fell



during the second week in July. Rainfall in 1991 was lower than other years and 

evenly distributed during the season (Fig. 5).

Spring Arrival of Ducks

All species of ducks encountered were present on the study area when 

we arrived, therefore, arrival dates of ducks on Minto Flats could not be 

recorded. Arrival dates of ducks in Fairbanks (60 km east of the study area), 

however, are monitored closely by Alaska Department of Fish and Game 

employees at the Creamer’s Field Migratory Waterfowl Refuge, Fairbanks, 

Alaska. Ducks arrive in Fairbanks, Alaska in mid-April (Table 5). From 1976 to 

1991, northern pintails and mallards, on average, arrived on 20 April and 22 

April, respectively; earlier than other species (Table 5). The earliest arrival dates 

recorded for northern pintails and mallards were 16 April 1976 and 18 April 

1980, respectively, while the latest arrival dates were 27 April 1982 and 28 April 

1985 (Table 5). On average, northern shovelers, green-winged teal, American 

wigeon and scaup arrive in the Fairbanks area in late April (Table 5). Arrival 

dates for all duck species reported were similar during the 3 years of our study 

(Table 5).

Number and Species Composition of Duck Nests

We located 263 duck nests in 1989, 409 duck nests in 1990, and 450 

duck nests in 1991 on Minto Flats for a total of 1,122 nests (Table 6). Nests of 

twelve species of ducks were located during the study (Table 6). Northern 

shovelers were the most abundant nesting duck in all years, representing 30% 

of all nests (Table 6). Lesser scaup were the second most common nesting 

duck (19%), and combined with northern shovelers composed nearly 50% of 

the total duck community (Table 6). Northern pintails and mallards composed a



significant portion of the nesting population, each representing 12% of nests we 

located (Table 6). Approximately 8% of the nesting population was represented 

by American wigeon, while canvasback, green-winged teal, greater scaup and 

gadwall nested in low numbers (Table 6). Nests of blue-winged teal, redhead, 

and white-winged scoter (Melanitta fusca) were only rarely located (Table 6). 

More nests were not identified to species in high-water years (7% in 1989 and 

1991) than in a low-water year (3% in 1990) (Table 6), because in high-water 

years we located more nests during laying when nests were unattended by the 

hen, and some of these nests were flooded before our second visit.

We located smaller numbers of nests on standardized plots (random and 

nonrandom) in high-water years (1989 and 1991) than in a low-water year 

(1990) (Table 7). In 1990, our sample of nests on standardized plots (394 

nests) more than doubled compared to 1989 and 1991. The number of nests 

located on standardized plots in each high-water year was similar (185 nests in 

1989, and 177 nests in 1991) (Table 7).

Stage of nesting when nests were located was recorded for 89% of 1,122 

nests (Table 8). A substantial proportion of duck nests were located during the 

laying period (30%), and during the first 8 days of incubation (42%). Only 17% 

of nests were located between 9-16 days of incubation, whereas 11% were 

located after they had been incubated >16 days (Table 8). A larger proportion 

of nests were located during the laying period in high-water years (36% in 1989 

and 32% in 1991) than in a low-water year (24% in 1990) (Table 8). Nests that 

had already hatched (12 nests) or failed (46 nests) before we located them 

comprised a small proportion (5%) of the total number of nests.
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Nesting Chronology

Nest initiation by ducks on Minto Flats spanned 65 days in 1989, 52 days 

in 1990, and 60 days in 1991. The earliest nest, across all years, was initiated 

by a mallard on 27 April, whereas the latest nest was initiated by a lesser scaup 

on 4 July (Table 9). Except for northern pintails, the period between the 

initiation of the first and last nests was longer during high-water years than for 

the same period in a low-water year (Table 9). Among species, the nesting 

period was longest for lesser scaup in high-water years (49 days and 47 days in 

1989 and 1991, respectively), whereas mallards had the longest nesting period 

in a low-water year (40 days in 1990). Across all years, mallards had the 

longest nesting period (42 days), whereas American wigeon and green-winged 

teal had the shortest nesting periods (32 and 36 days, respectively) (Table 9).

We did not detect significant variation in nest initiation dates among 

years (F = 0.44, 2 df, P = 0.647). Mean dates of nest initiations were similar 

among years (Table 9). Mallards and northern pintails were the earliest nesting 

ducks on Minto Flats in each year of the study with mean initiation dates of 22 

May and 23 May, respectively, for all years (Table 9). Lesser scaup were the 

latest nesting ducks (7 June), and northern shovelers (31 May), American 

wigeon (28 May), green-winged teal (29 May), and canvasbacks in 1990 (28 

May), exhibited intermediate nest-initiation dates (Table 9). An insufficient 

number of blue-winged teal, gadwall, redhead, and white-winged scoter nests, 

and canvasback nests in 1989 and 1991, were located for comparison. The 

distribution of nest-initiation dates was uni-modal for northern shovelers, lesser 

' scaup, green-winged teal, and American wigeon, whereas northern pintails and
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mallards exhibited a bi-modal distribution in nest initiation dates in all 3 years 

(Fig. 6).

The average (1989 through 1991) period between the observation of the 

first mallard and northern shoveler in Fairbanks, and the initiation date of the 

first nest we located on Minto Flats was 11 days for these species, while this 

period was 17 days for northern pintails, 20 days for green-winged teal and 

American wigeon, and 38 days for lesser scaup (Table 4, Table 9).

Nesting Habitat and Nest Location

Ducks used nesting habitats on Minto Flats disproportionately to 

availability (Neu et al. 1974) in 1989 (X^ = 176.78, 6 df, _P <0.001), 1990 (X^ — 

35.65, 5 df, P <0.001), and 1991 (X2 = 569.2, 5 df, P <0.001). We located the 

largest number of duck nests in open habitat types (meadow and floating 

vegetation) in 1989 (92% of 263 nests), 1990 (98% of 409 nests), and 1991 

(89% of 450 nests) (Table 10), despite these habitat types composing only 60%, 

90%, and 47% of habitat searched in the 3 years (Table 11). Meadow and 

floating vegetation were used significantly more than expected (P <0.05) based 

on availability in all years, except for floating vegetation in 1990 (P >0.05) (Table

11). We located more nests on floating vegetation in high-water years (7% of 

263 nests in 1989; 28% of 450 nests in 1991) than in a low-water year (1% of 

409 nests in 1990) (Table 10). Except for boreal forest in 1991 (7% of 450 

nests), < 3% of the total number of duck nests were located in upland habitat 

types, and only in 1991 did the percent of nests in all habitats other than 

meadow exceed 15% (Table 10). Boreal forest was used by nesting ducks 

significantly less than expected based on availability in all years (P <0.05), 

whereas alder-wilow thickets and black spruce bog were used significantly less
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than expected in 1989 (P <0.05) (Table 11). All other upland habitat types were 

used proportional to their availabilities (Table 11).

The proportion of nests located in open and upland habitats varied 

among species (X2 = 122.35, 5 df, P <0.001). A greater proportion (P <0.001) 

of green-winged teal (37%) and American wigeon (20%) nests were located in 

upland habitats (boreal forest, black spruce bog, alder-willow thickets, mixed 

shrub, and early succession) than nests of other duck species; > 90% of the 

total number of nests of other ducks were located in open habitat types 

(meadows and floating vegetation) (Table 10).

Percent cover of the 3 most dominant plant species within the immediate 

vicinity of the nest bowl (0.5 m radius) varied annually, and by species (Table

12). For example, plant cover for nests of northern pintail during high-water 

years in 1989 and 1991 consisted of approximately 52% and 43% grass, 

respectively, much less than for the average northern pintail nest in a low-water 

year (82% grass in 1990) (Table 12).

In our PCA, the first 2 PC axes, combined, accounted for 31% of the total 

variability in the original habitat data at nests (Table 13). We interpret the first 

axis (PC1) as a moisture gradient within open habitats (Fig. 7). Drier sites had 

more grass and higher PC1 scores as indicated by the positive factor coefficient 

for grass on PC1 (Table 13). Vegetation associated with wetter sites (sedges, 

marsh five finger, buckbean) had negative factor score coefficients on PC1 

(Table 13). We interpret the second axis (PC2) as a gradient from open, 

graminoid-forb vegetation (low PC2) to dense woody vegetation (high PC2)

(Fig. 7)



PC1 and PC2 scores varied significantly (ANOVA) among duck species 

(F = 7.08, 5 df, P <0.001 a n d f = 42.34, 5 df, P <0.001, respectively) and 

years (F = 48.73, 2 df, P <0.001 a n d f = 8.45, 2 df, P <0.001). We detected a 

year by species interaction for PC2 scores (F = 8.61, 10 df, P <0.001), but not 

for PC1 scores (F = 1.39, 10 df, P = 0.180).

Nesting cover used by ducks was more similar among years during low- 

water conditions in 1990 than during high-water years in 1989 and 1991 (Fig. 7). 

In 1990, we detected variation in mean PC scores only between northern 

shovelers (-0.249) and American wigeon (0.381) (PC2; P<0.05), and between 

scaup (0.012) and northern pintails (0.589) (PC1; 0.05 < P <0.10). No other 

pair-wise comparisons of mean PC scores among species were significant (P 

>0.10) in 1990. During high-water years, nesting cover varied among species 

most along PC2 (Fig. 7). Mean PC2 scores of northern shoveler and scaup 

nests were significantly lower than other duck species during high-water years 

(P<0.05), except northern pintails in 1989 (0.05< P <0.10). In 1991, mean PC2 

scores of American wigeon and green-winged teal were significantly higher (P 

<0.05) than other duck species, whereas mean PC2 scores of mallard and 

northern pintail nests did not differ from each other (P >0.10) in 1991. Mean 

PC1 scores of scaup nests were significantly lower than mean PC1 scores of 

northern shoveler nests in both high water years (P<0.05).

PC scores for nests of northern pintail, mallards, green-winged teal and 

American wigeon tended to vary most among years along the woody- 

vegetation axis (PC2) (Fig. 7). Generally nests were associated with more grass 

and less woody vegetation in a low-water year and less grass and more woody 

vegetation in high-water years (Fig. 7) suggesting that mallards, green-winged



teal and American wigeon selected grass meadows for nesting when available, 

but shifted to higher elevation nest sites when meadows were flooded. Mean 

PC2 scores of green-winged teal nests were significantly lower (P <0.05) in

1990 than 1991, but not different from 1989 (P <0.10). Mean PC2 scores for 

nests of American wigeon were significantly higher in 1991 than 1990 (P <0.05) 

and 1989 (0.05< P<0.10). We did not, however, detect significant variation in 

mean PC2 scores among years for mallards (P >0.10). Mean PC1 scores of 

mallards were significantly higher in 1990 (P <0.05), than in 1991, but no 

different than 1989 (P >0.10). Mean PC1 scores of American wigeon nests 

were significantly higher in 1989 and 1990 than in 1991 (P <0.05), whereas 

mean PC1 scores of green-winged teal nests did not vary among years (P 

>0.10). Northern pintails also used woody vegetation more often for nesting 

cover in high-water years (Fig. 7), however, mean PC2 scores were not 

significantly different among years (P >0.10). Northern pintails tended to nest 

in wetter sites in high-water years compared to a low-water year (Fig. 7). Mean 

PC1 scores of northern pintail nests were significantly higher in 1990 than in

1991 (P <0.05), but no different than 1989 (P >0.10).

Scaup and northern shovelers nested primarily in open habitats, and 

usually on moist soils (Fig. 7). Grasses and sedges were the dominant plant 

species surrounding these nests, but buckbean was common at scaup nests in 

high-water years (Table 12). These species tended to vary more along the PC1 

than the PC2 axis (Fig. 7), indicating that these species nested in a relatively 

narrow portion of the range from open to woody vegetation. Mean PC1 scores 

of northern shoveler nests were significantly higher in 1989 and 1990 than in 

1991 (P <0.05), whereas mean PC1 scores of scaup nests were significantly
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higher in 1990, than in 1991 (P<0.05), but no different than 1989 (P >0.10). 

Woody vegetation was present least around nests of these species (Table 12).

In 1990, however, mean PC2 scores for scaup nests were significantly higher (P 

<0.05) than in 1989 and 1991, whereas mean PC2 scores of northern shoveler 

nests did not vary among years (P >0.10). The large PC2 score for scaup in 

1990 was caused by the large proportion of horsetail surrounding scaup nests 

in that year (17%; Table 12). Horsetail (Eauisetum fluviatilel is a dominant plant 

species in wet habitats where most scaup nests were located. A terrestrial 

variety of horsetail (Equisetum arvense), however, was a dominant plant 

species forming the ground cover in upland habitat types, which were 

composed mostly of woody vegetation. Because these 2 plant species were 

not separated prior to analysis, and because horsetail tended to contribute 

substantially more to PC2 then other nonwoody vegetation (Table 13), we 

believe that PC2 scores for scaup were biased high in 1990 (Fig. 7).

Types of nest sites also were influenced by water level. Only higher- 

elevated portions of plots and floating islands were free of flooding in 1989 and 

1991. Consequently, some plots that were mainland sites in low-water years 

became isolated in high-water years and were categorized as islands. Thus, it 

was possible for an individual plot to be classified as an island in one year and 

mainland in another. More nests were located on islands in high-water years 

(56% in 1989 and 87% in 1991) than in a low-water year (16% in 1990) (Table 

14). Conversely, fewer nests were located on mainland sites during high-water 

years (36% in 1989 and 12% in 1991) than in a low-water year (82% in 1990) 

(Table 14). Eight percent, 2%, and <1% of the total number of duck nests were 

located on peninsulas in 1989, 1990, and 1991, respectively (Table 14).
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Distance from nest sites to nearest water body differed among years (F 

= 43.63, 2 df, P <0.001) and species (F = 4.81, 5 df, P <0.001), and we 

detected a significant year by species interaction (F = 2.16, 10 df, P =0.018).

On average, nest sites were closer to open water in high-water years (66.7 m 

and 26.5 m in 1989 and 1991, respectively) than in a low-water year (95.5 m in 

1990) (Table 15). We believe that distance to water was biased low in 1990, 

because nest sites > 100 m from water were not usually estimated visually in the 

field, and because it was difficult to determine the exact location of some nest 

sites on aerial photographs. Thus, distance to water could not be measured 

accurately for more nests > 100 m from open water in 1990 than in high-water 

years. Consequently, these nests were not included in this analysis.

Scaup, mallards, and American wigeon tended to nest closer to water 

than other ducks in high-water years (1989 and 1991), whereas scaup, 

mallards, and green-winged teal nested closer to water than other species in a 

low-water year (Table 15). Seventy-four percent of duck nests were located 

nearest a lake, whereas 13% were located nearest a channel (river or slough), 

and 13% were located nearest to a pond or oxbow (Table 16). Over 70% of the 

nests for each species were located nearest a lake, except those of green

winged teal (55%) (Table 16). More nests of green-winged teal (33%) and 

American wigeon (20%) were located closer to a channel than nests of other 

species (range 5-14%), while more scaup (18%) nests were located closer to a 

pond or oxbow than nests of other species (range 8-14%) (Table 16).

Clutch Size and Egg Size

We determined incubated clutch sizes for 774 duck nests on Minto Flats 

(1989, 1990 and 1991 combined). Average clutch sizes of ducks on Minto Flats
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were generally similar to clutch sizes reported by Bellrose (1980), especially for 

those species (e.g. northern pintails, American wigeon and lesser scaup) in 

which a significant segment of the population typically breeds north of the 

prairie-pothole region (Table 17).

After controlling for initiation date (ANCOVA), we detected no significant 

variation in clutch sizes among years for northern pintails (F = 0.924, 2 df, P = 

0.401), northern shovelers (F = 2.462, 2 df, P = 0.087), lesser scaup (F =

0.758, 2 df, P = 0.470), and American wigeon (F = 0.339, 2 df, P = 0.713). 

Clutch sizes of mallards, however, varied among years (F = 5.516, 2 df, P = 

0.005), and were significantly larger in 1990 than in 1989 (P = 0.005) and 1991 

(P = 0.003). Slopes of regression lines, however, differed (P = 0.042) between 

1990 and 1991. Clutch sizes of mallards in 1989 and 1991 did not differ (P = 

0.970).

Incubated clutch size was negatively related to initiation date for northern 

pintails, mallards, northern shovelers, American wigeon and lesser scaup in 

1989 (P <0.009), and 1990 (P <0.001), and for northern shovelers and lesser 

scaup in 1991 (P <0.001) (Fig. 8, Table 18). Average daily decline in clutch size 

ranged from 0.064 eggs for mallards to 0.124 eggs for lesser scaup in 1989, 

and from 0.055 eggs for northern pintails to 0.110 eggs for northern shovelers 

in 1990 (Table 18). Average daily decline in clutch sizes of northern shovelers 

and lesser scaup were 0.085 eggs and 0.093 eggs, respectively, in 1991 (Table 

18).

We detected significant variation in adjusted mean clutch sizes among 

geographic locations (ANCOVA) for northern pintails (F = 13.906, 3 df, P 

<0.001), mallards (F = 3.648, 4 df, P = 0.006), northern shovelers (F = 15.421,
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3 df, P <0.001), and lesser scaup (F = 7.510, 2 df, P =0.001), but not American 

wigeon (F = 0.428, 1 df, P = 0.515). The rate of decline in clutch sizes with 

increasing initiation date did not vary geographically (F = 2.207, 2 df, P >0.112), 

except for northern shovelers (F = 5.173, 3 df, P = 0.002). Clutch sizes of 

northern shovelers declined at the fastest rate on Minto Flats, Alaska (slope = 

-0.0935), and at the slowest rate on Mallard Island, North Dakota (slope = - 

0.0211).

Adjusted mean clutch size of northern pintails nesting at Mallard Island, 

North Dakota (adj. mean = 7.86) was significantly larger than adjusted mean 

clutch size of northern pintails nesting on Minto Flats, Alaska (adj. mean = 7.10; 

t = 4.041, 617 df, P <0.001), Brooks, Alberta (adj. mean = 6.87; t = 6.402, 617 

df, P <0.001), and the Koenig and Woodworth study areas, North Dakota (adj. 

mean = 7.18; t = 4.046, 617 df, P <0.001). Northern pintails on the Koenig and 

Woodworth study area had a larger adjusted mean clutch size than northern 

pintails in Alberta (t = 2.595, 617 df, P = 0.014) (Table 19).

Because clutch sizes of mallards on Minto Flats were significantly larger 

in 1990 than in 1989 and 1991, clutch sizes on Minto Flats in 1990 were treated 

separately in the analysis. Adjusted mean clutch size of mallards on Minto Flats 

in 1989 and 1991, combined (adj. mean = 8.08) was significantly smaller than 

adjusted mean clutch size of mallards in Minnedosa, Manitoba (adj. mean = 

8.71; t = 2.664,1,346 df, P = 0.012), Koenig and Woodworth study area (adj. 

mean = 8.69; t = 2.888,1,346 df, P = 0.006), and Minto Flats in 1990 (adj. 

mean = 9.04; t = 2.703, 1,346 df, P = 0.010). Adjusted mean clutch size of 

mallards in North Dakota were only marginally larger at Koenig and Woodworth 

than at Mallard Island (t = 2.054, 1,346 df, P = 0.049) (Table 19).
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Adjusted mean clutch size of northern shovelers was smaller on Minto 

Flats (adj. mean = 9.20) than Koenig and Woodworth (adj. mean = 9.85; t = 

5.205, 477 df, P <0.001), Minnedosa (adj. mean = 10.03; t = 5.530, 477 df, P 

<0.001) (Afton unpbl.), and Mallard Island (adj. mean = 9.74; t = 2.577, 477 df, 

P = 0.015); the only locations compared for this species (Table 19). Adjusted 

mean clutch size of lesser scaup was smaller on Minto Flats (adj. mean = 9.55) 

than in Minnedosa (adj. mean = 10.23; t = 3.855, 236 df, P <0.001) (Afton 

unpbl.), but not different than Mallard Island (adj. mean = 9.91;t = 0.977, 236 

df, P = 0.247) (Table 19).

We determined length, width, and volume for 7,314 duck eggs on Minto 

Flats (Table 20). Dimensions of eggs on Minto Flats were similar to those 

summarized by Bellrose (1980) for all species. Egg sizes of northern pintails on 

Minto Flats were similar to egg sizes of northern pintails nesting in Brooks, 

Alberta (Duncan 1987c).

Nest Fate

Apparent success of duck nests located on Minto Flats in 1989 was 34%, 

compared to 29% in 1990, and 1991 (Table 21). The proportion of depredated 

nests varied among years Q<2 = 31.96, 2 df, P <0.001). Nest failure caused by 

predators was lower in high-water years (42% and 45% of total failures in 1989 

and 1991, respectively) (P <0.001) than in a low-water year (62% in 1990)

(Table 21). Conversely, nest failure caused by flooding was higher in high- 

water years (14% in 1989 and 18% in 1991) than in a low-water year (0% in 

1990) (Table 21). Nest failure caused by the hen abandoning the nest ranged 

from 5% to 7%, while nest failures caused by other, or unknown, causes ranged 

from 3% to 4% (Table 21).

44



Mayfield estimates (Johnson 1979) of nest success were substantially 

lower than apparent estimates (Table 22). Nest success varied from a low of 

2.4% for northern pintails in 1991 to a high of 17.1% for northern shovelers in

1989. We did not detect significant variation in daily survival rates of nests 

among species in 1989 (X2 = 6.197, 4 df, P = 0.301) and 1990 (X2 = 6.618, 5 

df, P = 0.383). In 1991, daily survival rates of duck nests varied significantly 

among species (X2 = 14.748, 5 df, P = 0.009). Daily survival rates of mallard 

nests (0.945) were significantly greater than for nests of northern pintails (0.879) 

(X2 = 8.896, 1 df, P<0.05) in 1991 (Table 22).

With the exception of northern shovelers (X2 = 14.214, 2 df, P <0.001), 

we did not detect significant annual variation in nest success (all other species,

P >0.677). Success of northern shoveler nests was significantly greater in 1989 

(17.1%) than in 1990 (3.3%) (X2 = 10.845, 1 df, P <0.05) and 1991 (3.3%) (X2 

= 9.149,1 df, P <0.05) (Table 22). With years pooled, success rates of duck 

nests on Minto Flats varied from 21.3% for canvasback to 3.8% for northern 

pintails (Table 22). Daily survival rates for nests of mallards (0.942) and 

canvasback (0.953) were significantly higher (P <0.05) than daily survival rates 

for nests of northern pintails (0.893) (Table 22).

We located relatively small numbers of nests on peninsulas (d = 23), so 

we combined nests located on peninsula and mainland sites to test for 

differences in daily survival rates of nests between island and nonisland sites. 

Daily survival rates of nests on nonisland sites were 0.906 in 1989, 0.887 in

1990, and 0.931 in 1991. Daily survival rates of nests on island sites were 

0.946, 0.969 and 0.921 in the 3 years, respectively (Table 23), which was 

significantly higher than for mainland sites in 1989 (X2 = 8.358, 1 df, P = 0.001)



and 1990 (X2 = 66.27, 1 df, P <0.001). Daily survival rates of nests did not 

differ between island and nonisland sites in 1991 (X2 = 0.393, 1 df, P = 0.881). 

Overall (years combined), daily survival rates were significantly greater (X2 = 

30.05,1 df, P <0.001) for duck nests located on islands (0.934) than nonisland 

sites (0.896).

Overall, daily survival rates of duck nests on Minto Flats were 0.933 in 

1989, 0.908 in 1990, 0.922 in 1991, and 0.920 for the 3 years combined (Table

23). We detected significant variation in daily survival rates of nests among 

years (X2 = 8.814, 2 df, P = 0.010). Daily survival rates of duck nests were 

significantly greater in 1989 than 1990 (X2 = 8.755, 1 df, P <0.05), but other 

pairwise comparisons were not significant.

We detected a significant (P <0.001) increase in daily survival rate with 

increasing nest age in 1989, 1990 and 1991 (Fig. 9). Daily survival rate was 

negatively correlated with calendar date in 1989 (P <0.001), and positively 

correlated with calendar date in 1991 (P = 0.016) (Fig. 10). We did not detect 

significant variation in daily survival rate with respect to calendar date in 1990 (P 

= 0.588) (Fig. 10).

DISCUSSION

Species Composition of the Breeding Duck Community in the Boreal 

Forest

Aerial surveys from 1955 to 1977 indicated that northern pintails (36% of 

breeding ducks), American wigeon (21%), mallards (22%), and green-winged 

teal (14%) were the most abundant dabbling ducks in open and closed boreal 

forests of Alaska and Canada (Bellrose 1979). Gadwall, blue-winged teal, and 

northern shovelers, combined, represented only 7% of the dabbling-duck
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population in boreal forests (Bellrose 1979). Bellrose did not include diving 

ducks when estimating the relative proportion of duck species in boreal forests, 

but, Johnson and Grier (1988) suggested that breeding areas in the boreal- 

forest region are more readily used by lesser scaup and canvasback than by 

redheads.

Few ground-based studies of ducks have been conducted in the boreal 

forest. On the Slave River Delta (Northwest Territories), Soper (1957) observed 

that breeding pairs of lesser scaup substantially outnumbered pairs of northern 

pintails, American wigeon, green-winged teal, and in some years, mallards. In 

Murdy’s study (1964), near Yellowknife (Northwest Territories), lesser scaup, 

American wigeon, green-winged teal, mallards, and ring-necked ducks were the 

5 most common species of ducks (Toft et al. 1982, 1984). Of these species, 

lesser scaup composed 57% of 2,591 breeding pairs during a 4-year period, 

much greater than the 11% to 16%, each for mallards, green-winged teal and 

American wigeon (Toft et al. 1982). Northern pintails, northern shovelers, blue

winged teal, canvasback, bufflehead (Bucephala albeola). scoters, and 

mergansers (Mergus) combined composed < 10% of the total population 

surveyed near Yellowknife (Toft et al. 1982). The species composition of 

broods surveyed during the same study was generally similar to that of 

breeding pairs. Lesser scaup composed 45% of 715 broods, followed by 

green-winged teal (21%), American wigeon (16%), mallards (11%), and ring

necked ducks (8%) (Toft et al. 1982). On Yukon Flats, Alaska, Lensink (1965) 

reported that scaup (mostly lesser scaup) were the most abundant duck, 

representing 27% of pairs counted during ground surveys. Northern pintails 

and American wigeon were also abundant on Yukon Flats, composing 19% and
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14% of the breeding population, respectively, while green-winged teal, mallards, 

canvasback, and northern shovelers, each represented less than 7% of the 

breeding population of ducks (Lensink 1965).

Most species of ducks important in the harvest in North America nested 

on Minto Flats. We located 1,122 nests of 7 dabbling and 5 diving species of 

ducks during 3 years (Table 6). Northern shovelers were by far the most 

abundant nesting duck (340 nests), composing 30% (range 26% to 35%) of the 

breeding population (Table 6). To our knowledge, no other study has reported 

comparable numbers of northern shoveler nests. The preponderance of 

northern shovelers on Minto Flats was surprising considering the relatively low 

abundance of this species in other sub-arctic wetlands, and the relatively low 

proportion of northern shoveler nests (rarely > 7%) reported for temperate 

areas (Rienecker and Anderson 1960, Keith 1961, Townsend 1966, Stoudt 

1971, Smith 1971, Higgins etal. 1992).

Species generally considered to breed north of the prairies (scaup, 

American wigeon, green-winged teal) were common on Minto Flats. Lesser 

scaup were the most abundant diving duck, representing 19% of the total 

breeding population (Table 6). In general, lesser scaup represent a larger 

proportion of the breeding population of ducks in boreal forests than in more 

temperate breeding areas (Stoudt 1971, Higgins et al. 1992), although in some 

temperate breeding areas lesser scaup represent a significant portion of the 

breeding community (Keith 1961, Rogers 1964, Smith 1971). Nests of 

American wigeon are difficult to locate in the prairies (Bellrose 1980), therefore, 

large samples of nests are rarely reported. On Minto Flats, however, American 

wigeon nests were frequently located (90 nests), composing 8% of the nesting



population (Table 6), greater than the 1% to 4% reported for more temperate 

areas (Keith 1961, Stoudt 1971, Higgins et al. 1992). The relative proportion of 

green-winged teal nests on Minto Flats (4%) was lower than we expected based 

on the propensity of this species to nest in boreal-forest habitats (Bellrose 1979, 

Johnson and Grier 1988).

Species displaced from breeding areas in the prairies during drought- 

years in that region (northern pintails, canvasback, mallards) (Derksen and 

Eldridge 1980, Hansen 1960, Pospahala et al. 1974) varied annually in relative 

abundance on Minto Flats. Numbers of northern pintail and mallard nests were 

similar, and exceeded only by northern shovelers and lesser scaup (Table 6). 

Northern pintails and mallards each represented 12% of the nesting population 

on Minto Flats. Canvasbacks, in contrast, composed a low proportion (3%) of 

nests.

Nests of gadwall, blue-winged teal and redhead, species not typically 

associated with breeding in northern habitats (Bellrose 1979, Johnson and Grier 

1988), also were located on Minto Flats (Table 6). Although uncommon in 

Alaska, scattered and infrequent sightings of these species have been reported 

since the early 1950’s (Kessel 1955, Weller 1964, Child 1972), generally during 

drought years in the prairies (Hansen 1960). In contrast, gadwall, redhead and 

blue-winged teal were common in nesting studies conducted in the prairies, and 

in some areas gadwall and blue-winged teal represented the largest proportion 

of the nesting population (Higgins et al. 1992).

Overall, the composition of ducks nesting on Minto Flats support 

previous observations that American wigeon, northern pintails, and lesser 

scaup, are important components of the duck population breeding in boreal



forests (Gabrielson 1952, Lensink 1965, Bellrose 1979). Relatively large 

numbers of northern shovelers and mallards, however, and low numbers of 

green-winged teal on Minto Flats indicate that relative species abundance is not 

constant among boreal-forest wetlands. This is not surprising considering the 

large geographic extent of the boreal forest in North America. Patchiness in 

wetland habitats and breeding duck communities clearly exists among breeding 

areas in this extensive and variable region.

Historical Populations

The species composition of the community of breeding waterfowl during 

our study differed substantially from that on the same study area during the 

1950’s (Table 24). We compared the relative abundance of duck species 

during our study with results of two smaller studies conducted on Minto Flats in 

the 1950’s (Hooper 1952, Rowinski 1958) to investigate temporal changes in 

the duck community (Table 24). Nest searches conducted on Minto Flats in 

1951, 1953, 1954 and 1955 yielded a total of 189 duck nests, 165 of which were 

identified to species, for all years combined (Rowinski 1958). Aerial surveys 

were just beginning to be implemented throughout North America in the 1950’s. 

On Minto Flats the number of segments surveyed from the air varied among 

years in the 1950’s (range 2-28) (Rowinski 1958), as compared to the 

standardized surveys conducted currently (3 segments) (J.l. Hodges, Migratory 

Bird Management, U.S. Fish and Wildlife Service, Juneau, AK, unpbl. data) (Fig. 

1). Differential effort between the earlier study and ours precludes a 

comparison of absolute densities. Nonetheless, a comparison of relative 

species abundance between the 1950’s and 1990’s is appropriate, because



there was substantial overlap in areas searched for nests and in areas surveyed 

from the air.

Northern shovelers were the most abundant duck nesting on Minto Flats 

during our study, representing 32% of the nesting population (Table 24). In 

contrast, northern shovelers composed only 5% of the nesting population in the 

1950’s. Lesser scaup were by far the most abundant nesting duck on Minto 

Flats in the 1950’s, accounting for 74% of the nesting population (Table 24). 

Lesser scaup also were abundant during our study, but represented a 

substantially smaller proportion of the duck community (23% of nests) (Table

24). The relative abundance of breeding ducks estimated by aerial surveys on 

Minto Flats during the 1950’s corresponded with ground counts during that time 

period; lesser scaup composed a large, and northern shovelers a small 

proportion of the breeding community of ducks (Table 24). Differences in the 

relative abundance of these species between the 1950’s and the present 

indicates that the structure of the duck community on Minto Flats has changed 

since the 1950’s. We have no reason to believe that these changes are the 

result of changes in habitat conditions on Minto Flats, which remains a pristine 

area. We know that water levels in spring of some years during the 1950’s were 

high (Hooper 1952, Rowinski 1958), as they were in 1989 and 1991; therefore, 

differences in the relative abundances of duck species between time periods 

are not likely the result of preferential use of available habitats.

It is unlikely that differences in the relative abundance of ducks on Minto 

Flats between the 1950’s and this study resulted from differential immigration by 

ducks displaced from breeding areas in the prairies during drought years. 

Habitat quality on the prairies was considered good to excellent for breeding
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ducks in the early to mid-1950’s (Crissey 1969), whereas drought conditions 

prevailed from 1989 through 1991; therefore we would expect the relative 

abundance of species that are more likely to be displaced from the prairies, 

such as northern pintails, to be greater on Minto Flats during our study than in 

the 1950’s, if prairie drought during our study explained variation in the duck 

community. The relative abundance of northern pintails, however, was similar 

during both time periods on Minto Flats (Table 24). Additionally, we would 

expect complimentary changes in the structure of the duck community on 

breeding areas in the prairies; however, Higgins et al. (1992) reported that the 

relative abundance of ducks in North Dakota remained similar from the early 

1950’s to  early 1980’s.

A second, and more likely explanation for differences in the species 

composition of ducks on Minto Flats between the 1950’s and this study is that a 

gradual shift in the breeding community has occurred because of differential 

rates in recruitment, or survival. We do not know what advantage northern 

shovelers have compared to other species of ducks that allowed this species to 

increase in relative abundance over the past 35 years. Perhaps reduced 

harvest, or reduced competition on wintering areas may be the explanation.

We do not, however, have data to test these hypotheses.

Comparison of Aerial Surveys and Ground Data

The relative abundance of the breeding community of ducks on Minto 

Flats estimated by ground and aerial counts also differed during our study. We 

compared the relative abundance of duck nests located on Minto Flats with the 

relative abundance of breeding pairs counted from the air during the Breeding 

Pair Survey (Table 25). Nests of lesser scaup were combined with greater
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scaup because these species are not separated in the Breeding Pair Survey. 

Scaup nests accounted for 24%, 18%, and 27% of the nesting population in 

1989, 1990 and 1991 (Table 25), respectively, similar to proportions of breeding 

pairs counted from the air on Minto Flats segments (21%, 18%, and 29%), and 

for all of Stratum 3 (25%, 24%, and 25%) (Table 25). Relative abundance of 

nests and breeding pairs were generally similar for other species as well (Table

25). For American wigeon, however, the relative abundance of breeding pairs 

on the Minto Flats segments of the Breeding Pair Survey were slightly higher 

than was indicated by our sample of nests. Relative abundance of northern 

shovelers differed substantially between our nesting data and the Breeding Pair 

Survey. Northern shovelers accounted for 32% (range 28% to 36%) of the 

nesting population, but only 9% to 19% of the breeding pairs counted during 

Breeding Pair Survey (Table 25). As is the case with most comparisons of aerial 

and ground censuses, species that have low densities, or are not thought to 

nest in an area tend to be less detectable during aerial surveys (Martinson and 

Kaczynski 1967). Because of this inherent bias, we believe that northern 

shovelers, and rarely occurring species (e.g. gadwall, redhead, blue-winged 

teal) are underrepresented by the Breeding Pair Survey.

Timing of Nesting

In the Prairie Pothole Region, first dates of arrival and nest initiation by 

ducks can be delayed in years when spring temperatures are below normal 

(Dzubin and Gollop 1972, Krapu et al. 1983, Hammond and Johnson 1984, 

Higgins et al. 1992). Annual variation in first arrival dates exceeds 30 days for 

most duck species (Higgins et al. 1992) (Fig. 11). Initiation of nests can be 

delayed because of low temperatures (Hammond and Johnson 1984), spring
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snowstorms (Higgins et al. 1992), or drought (Krapu et al. 1983). Severe 

drought, however, may preclude nesting for the season by most individuals 

(Smith 1969). The nesting season usually ends at approximately the same time 

each year in the prairies (Rohwer 1992). The span of nesting (i.e., time between 

the first and last nest initiations) (Hammond and Johnson 1984), however, is 

usually shorter in years of low precipitation and drought (Hammond and 

Johnson 1984, Higgins et al. 1992). A longer span of nesting occurs in years 

with above average spring and summer precipitation (Hammond and Johnson 

1984, Higgins et al. 1992), probably because of a greater renesting opportunity 

by ducks in wet years (Krapu et al. 1983). Dzubin and Gollop (1972), however, 

suggested that early nest success determines the frequency of renesting.

Regardless of spring weather, spring arrival and nesting begin earlier, 

and nesting lasts longer in the prairies than in the boreal-forest region (Toft et al. 

1982). Higgins et al. (1992) reported that nest initiation by ducks in North 

Dakota began as early as 7 April and extended through 14 July; a 98-day span 

of nesting (Fig. 11). Mallards and northern pintails reach the prairies first during 

spring migration (Keith 1961, Smith 1971, Stoudt 1971, Higgins et al. 1992), 

arriving as early as mid-March (Higgins et al. 1992) and exhibit the longest span 

of nesting; 99% of mallard and northern pintail nests were initiated during a 76- 

day and 69-day period, respectively, in North Dakota (Higgins et al. 1992: pg. 

34) (Fig. 11). In contrast, lesser scaup are the latest arriving duck in the 

prairies, nest later in the season, and exhibit a shorter span of nesting than 

other ducks. Ninety-nine percent of lesser scaup nests in North Dakota were 

initiated within a 35-day period (Higgins et al. 1992: pg. 34) (Fig. 11). Northern 

shovelers, green-winged teal, American wigeon, and gadwalls arrive and nest



later than mallards and northern pintails, but earlier than lesser scaup. These 

species also exhibit an intermediate span of nesting compared to other ducks 

(range 42-55 days) (Higgins et al. 1992: pg. 34) (Fig. 11).

First arrival dates of ducks on Minto Flats were later, but less variable, 

than first arrival dates of ducks in the prairies (Fig. 11). Ducks arrive in the 

Fairbanks area in late April (Table 5); on average, more than 3 weeks later than 

in North Dakota (Fig. 11). Only in extremely late years in North Dakota are 

arrival dates between the two regions similar (Fig. 11). Arrival by lesser scaup 

in Fairbanks was later than arrival dates reported for North Dakota (Higgins et 

al. 1992) (Fig. 11), yet similar to arrival dates reported for lesser scaup in 

Manitoba, Canada (Afton 1984). For most species of ducks, arrival in Fairbanks 

occurs before the beginning of nesting in North Dakota. In some years, 

however, northern pintails and mallards begin to arrive in interior Alaska after 

nest initiation has begun for these species in the prairies. First arrival dates of 

ducks in Fairbanks, Alaska varied among years by only 7 days for northern 

shovelers and 11 days for northern pintails, green-winged teal and American 

wigeon (Table 5). That first arrival dates (Table 5) and mean nest-initiation 

dates (Table 9) were similar among years, even though spring thaw was 

approximately one week earlier in 1990, suggests that weather modifies the 

breeding cycle of ducks (Bluhm 1992) in the north less than in more temperate 

areas.

Nest initiation by ducks on Minto Flats begins sooner, relative to arrival 

dates, than in the prairies (Fig. 11), even though habitat conditions experienced 

by ducks at arrival are probably similar phenologically between latitudes. The 

length of the nesting period, however, is shorter in the sub-arctic (Toft et al.
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1982, this study) than is the case for the prairies. The length of the nesting 

period on Minto Flats for all species combined was only 59 days among years 

of the study. All species, except lesser scaup exhibited a shorter span of 

nesting when compared to ducks in North Dakota (Higgins et al. 1992) (Fig.

11). The average period of nesting for early nesting species (mallards and 

northern pintails) was approximately 40 days (Table 9); more than a month 

shorter than in North Dakota (Higgins et al. 1992), and other areas in the 

prairies (Dzubin and Gollop 1972, Krapu et al. 1983). Species that nested later 

(northern shoveler, green-winged teal and American wigeon) exhibited a less- 

abbreviated span of nesting on Minto Flats (range 10-19 days shorter) 

compared to prairie ducks (Fig. 11). The nesting period for lesser scaup was 

similar between high and mid-latitudes. Lesser scaup actually begin nesting 

earlier in the season on Minto Flats than they do in North Dakota (Fig. 11), and 

in Manitoba, Canada (Afton 1984). Ducks in the sub-Arctic do not compensate 

for the delayed nesting season by extending the nesting period (Toft et al. 1984, 

this study). Ducks terminate nesting on Minto Flats before ducks in more 

temperate regions (Fig. 11), even though the availability of food is probably 

greater on Minto Flats later in the nesting season compared to the start of 

nesting (Burris 1991), and photoperiod is longer on Minto Flats when ducks on 

Minto Flats stop nesting than on the prairies. Freezing of waterbodies in interior 

Alaska can occur as early as mid-September (pers. obs.). Earlier autumns in 

Alaska limits the time available for late-season nesting. Ducklings hatched too 

late in the season would not have sufficient time to fledge, and attain body 

weights needed to sustain fall migration. Termination of nesting by sub-Arctic 

ducks at longer photoperiods than on the prairies is consistent with a
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hypothesis of genetically determined differences between ducks nesting at 

temperate and sub-Arctic latitudes in reproductive responses to photoperiod.

Late springs and shorter summers in interior Alaska are likely the ultimate 

explanation for more synchronous and less variable nesting among species on 

Minto Flats (range 32 to 41 days) than in the prairies (range 35 to 76 days in 

North Dakota) (Higgins et al. 1992). Relatively late springs, however, probably 

explain why early nesting species (mallards and northern pintail) exhibit a more 

abbreviated nesting period on Minto Flats than do intermediate and late nesting 

species. Toft et al. (1982) pointed out that ducks near Yellowknife, Northwest 

Territories did not use all the time available during the season to nest, although 

the total time available is limited, compared to the prairies. This also held for 

Minto Flats. Early nesting species ended nesting before late nesters, while late 

nesting species began nesting late in the season even though they arrived 

shortly after early nesters.

Habitat Use

Habitats used by ducks during the breeding season are diverse 

(Kaminski and Weller 1992), but all must meet basic requirements to ensure 

reproductive success (Kadlec and Smith 1992). Within the boreal-forest region, 

aquatic and terrestrial habitats used by ducks differ from those in the Prairie 

Pothole Region because of latitudinal differences in climate, geology, hydrology 

and physiography. Regional differences in wetland habitats also exist between 

latitudes because of human-induced effects on waterfowl habitats. Intensive 

agricultural practices have altered prairie habitats by reducing the number of 

ponds, and areas of natural cover for nesting available to breeding ducks
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(Krapu 1977). In contrast, agricultural development is relatively uncommon in 

boreal-forest regions.

Current land-use practices in the prairies have converted uncultivated 

habitats into croplands (Higgins 1977, Krapu 1977, Greenwood et al. 1987). As 

a result, croplands currently compose substantially more of the total habitat 

available to nesting ducks than in the past (Duebbert and Lokemoen 1976, 

Higgins 1977, Klett et al. 1988). Cropland habitats, however, are not used as 

readily by most nesting ducks compared to uncultivated habitats (Dwyer 1970, 

Higgins 1977, Cowardin et al. 1985, Greenwood et al. 1987, Klett et al. 1988, 

Higgins et al. 1992), probably because they do not provide suitable nesting 

cover (Dwyer 1970). Nests in croplands experience higher rates of nest failure 

because of predation and destruction by farm machinery (Miller 1971, Higgins 

1977, Krapu 1977, Klett et al. 1988). Loss of preferred nesting cover and 

resulting low nest success is considered a major factor limiting duck 

populations in the prairie potholes (Duebbert and Kantrud 1974, Greenwood et 

al. 1987, Klett et al. 1988). In contrast, densities and success of duck nests are 

substantially higher in uncultivated fields (Duebbert and Lokemoen 1976, 

Duebbert and Kantrud 1974, Klett et al. 1988), probably because denser 

vegetation in these habitats provides security from predators. Northern pintails, 

however, are an exception, generally selecting nest sites away from dense 

vegetation in areas with relatively sparse cover, (Keith 1961, Stoudt 1971, 

Duncan 1987b), and they use cultivated areas for nesting more often than other 

species of ducks. Less is known about the selection of habitats by diving ducks 

(Kaminski and Weller 1992 for review).
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On Minto Flats, habitat conditions are pristine. Potential nesting sites of 

ducks span a gradient of habitat types ranging from low-lying, partially flooded 

emergent zones to elevated, heavily forested uplands. The relative availability 

of habitat types on Minto Flats varied substantially among years (Table 3). In 

1989 and 1991, extensive spring flooding inundated most meadow habitat, 

while upland habitat types (boreal forest, bog, thickets, shrub, early succession) 

were less affected by high water. Consequently, upland habitats represented a 

substantially greater proportion of the landscape available to nesting ducks in 

high-water years (1989 and 1991) than in 1990; a low water year (Table 3).

Ducks on Minto Flats used nesting habitats disproportionately to their 

availability (Table 11). Ducks were more likely to nest in meadow and floating 

vegetation compared to upland habitats, after adjusting for differential search 

effort among these habitats (Table 11).

Nest densities (nests/ ha searched) were higher in high-water years than 

in a low-water year in all habitat types except black-spruce bog and early 

succession (Table 11), suggesting that ducks were concentrated on the 

available habitat in wet years. Nest densities, however, were higher in open 

(meadow and floating vegetation) than upland habitats regardless of water level 

(Table 11). We believe that nest densities in meadow habitats in 1989 were 

lower than in 1991 because most meadow habitat searched in 1989 did not 

become available until mid-June, after peak nest initiation for most ducks. 

Meadow habitat was included in our estimate of total area searched in 1989, 

unlike 1991, when meadow habitat remained flooded throughout the nesting 

season.
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Slightly higher nest densities in upland habitats during high-water years 

compared to a low-water year (Table 11) suggests that a shift in nesting habitat 

occurred when meadows were not available. This shift could have resulted 

from greater competition for nesting sites in open habitats forcing ducks into 

upland areas. Principle-component analysis suggests that variation among 

species in use of nesting cover can be attributed to annual variation in the 

availability and composition of meadow habitat. Meadows were used more by 

nesting ducks than other habitat types regardless of water level (Table 10). The 

availability of meadow habitat, however, varied markedly among years with 

1990, 1989, and 1991 representing high, lower, and lowest availabilities, 

respectively. When meadow habitat was most available (1990), American 

wigeon, green-winged teal, northern pintails, and mallards used well-drained 

portions of meadows composed of grasses (Table 12, Fig 7). Northern 

shovelers and scaup also used grass for nesting cover, but these species were 

more likely to nest in poorly drained areas composed of sedges (northern 

shovelers and scaup), and horsetail (scaup) than were other ducks (Table 12). 

With the exception of American wigeon and green-winged teal, the proportion of 

woody vegetation at nests was low (Table 12, Fig 7). When meadow habitat 

was least available (1991), PCA suggests that American wigeon, green-winged 

teal, and mallards utilized woody vegetation for nesting cover (Fig. 7), and 

nested in upland habitat (Table 10) more than northern pintails, northern 

shovelers, and scaup. Northern shovelers, northern pintails and scaup 

remained in meadow habitats but were more likely to nest on moist soils (Fig 7).

We interpret the general trend from woody vegetation in high-water years 

to grass meadows in a low-water year (Fig. 7) to mean that American wigeon,
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green-winged teal and mallards use grass meadows when available. These 

species, however, are not restricted to meadows for nesting, but utilize upland 

habitats when grass meadows are not available. In contrast, northern 

shovelers and lesser scaup do not use woody vegetation for nesting (Fig. 7). 

Open habitats are used exclusively by these ducks in both high and low-water 

years. However, these species are likely to nest in wet meadows associated 

with horsetail and buckbean (scaup), and sedges (northern shoveler) (Table

12). Northern pintails used open habitats for nesting in both high and low-water 

years, but in high water years northern pintails tended to nest in open habitats 

associated with sedges and marsh five-finger, plants occurring in moist soils 

(Table 12).

Nesting cover selected by ducks on Minto Flats was generally similar to 

that selected by ducks in the prairies. Grasses composed a large proportion of 

the vegetation surrounding nest sites in both regions (Higgins et al. 1992, 

Kaminski and Weller 1992). Not surprisingly, ducks that nested more readily in 

woody vegetation in the prairies were also more likely to nest in woody 

vegetation on Minto Flats. Mallards (Smith 1971, Stoudt 1971, Cowardin et al. 

1985, Greenwood et al. 1987), American wigeon (Bellrose 1980, Duebbert et al. 

1983, Higgins et al. 1992), and green-winged teal (Bellrose 1980, Higgins et al.

1992) nested in shrubs more often than other ducks in the prairies, and on 

Minto Flats (this study). Yeager and Swope (1956) and Cowardin et al. (1985) 

suggested that mallards were the most versatile species of duck when selecting 

nesting cover. Conversely, northern pintails in the prairies are more likely to 

nest in sparse vegetation than other duck species (Keith 1961, Duncan 1987b, 

Higgins et al. 1992). Although we did not quantify the density of nesting cover
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on Minto Flats, we believe that density of cover at nest sites of northern pintails 

was no less than of other ducks. Nests of northern pintails on Minto Flats were 

usually located in dense stands of grasses, sedges and forbes that provided 

excellent nest concealment. In both high and mid-latitudes, however, northern 

pintails nested in the most open habitats (i.e., no woody canopy). That habitats 

selected by nesting ducks were generally similar between high and mid

latitudes suggests that ducks maintain affinities for particular types of nesting 

cover even though populations are separated geographically, and probably 

genetically.

Annual Variation in Number of Duck Nests

Habitat conditions on Alaskan wetlands are an important factor 

influencing productivity of local populations of ducks. In the past, wetland 

habitats in the boreal forest region were considered relatively stable (Wellein 

and Lumsden 1964, Bellrose 1979), as opposed to the dynamic nature of prairie 

wetlands (Kantrud et al. 1989). Although more permanent than prairie 

wetlands, habitats for waterfowl in interior Alaska are not stable. Extensive 

spring flooding in interior Alaska alters duck habitat by substantially reducing 

areas available for nesting, and modifying the complexity of wetlands (Hooper 

1952, Lensink 1965, this study). Spring flooding is a common event in interior 

Alaska, and usually coincides with late springs (Lensink 1965). Lensink (1965) 

reported that duck production on Yukon Flats, Alaska was lower during late 

springs as measured by the time of break-up on the Yukon River. Breeding Pair 

Surveys (BPS) suggest that spring flooding in interior Alaska is widespread 

(Conant and Dau 1989, 1990, 1991). Production estimates, however, are not 

adjusted to account for variation in water levels. If waterfowl production in
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interior Alaska declines with increasing water levels, then results of aerial 

surveys may be misleading or waterfowl production may be less stable than 

present hypotheses suggest.

On Minto Flats, we detected annual variation in the abundance of duck 

nests, associated with annual variation in habitat availability, that would have 

otherwise been undetected by aerial surveys alone. We located substantially 

smaller numbers of duck nests on standardized plots in 1989 (185 nests) and 

1991 (177 nests) (Table 7), when flooding was severe, yet nest detection was 

probably facilitated by higher concentrations of nests (Table 11) on smaller- 

sized plots (Table 1). In contrast, we located 394 nests in 1990 (Table 7) when 

water levels were much lower, and substantially more meadows were available.

The number of breeding pairs counted during the Breeding Pair Survey 

were higher on Minto Flats in 1990, than in 1989 and 1991 (Table 26). 

Nonetheless, we detected a 113% and 123% increase in the number of nests 

located on standardized plots in 1990 (low water) compared to 1989 and 1991, 

respectively (Table 7), whereas breeding pairs for the Minto Flats Breeding Pair 

Survey were only 26% and 22% higher in 1990 than in 1989, or 1991, 

respectively (J. Hodges unpbl data) (Table 26). This suggests that larger 

numbers of pairs alone could not account for such a large increase in the 

number of nests in 1990. That the Breeding Pair Survey varied less among 

years than the total number of nests suggests to us that ducks were present on 

Minto Flats in approximately the same numbers in each year of the study, but in 

some years they did not nest.

Two alternative, but in our view unlikely, explanations exist for the 

observed discrepancies between ground and aerial indices. First, a large
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segment of the breeding population may simply leave Minto Flats after being 

counted by the Breeding Pair Survey in years when nesting habitat on Minto 

Flats is flooded, only to nest elsewhere. That a smaller proportion of ducks 

counted on Stratum 3 are counted on Minto Flats during high-water years on 

Minto Flats (Table 26), suggests that some ducks leave Minto Flats, before 

being counted during the Breeding Pair Survey. The Breeding Pair Survey, 

however, are conducted on Minto Flats in late May, during, or after peak nest 

initiation for all species of ducks, except scaup (Fig. 6). Therefore, we believe it 

is unlikely that ducks depart Minto Flats, establish themselves on alternative 

breeding areas, and initiate nesting late in the breeding season. Ducks do 

leave Minto Flats after being counted during the Breeding Pair Survey, but 

probably relocate to molting areas, perhaps on the Arctic Coastal Plain 

(Derksen and Eldridge 1980).

Second, ducks may shift to alternative nesting cover (upland habitats) 

when meadows are flooded. If alternative habitats compose a relatively large 

proportion of the entire area, and nest densities are high enough in these areas 

to compensate for the lack of meadow habitat, then the number of nests may 

not have declined as we suspect. Upland habitats were the most abundant 

habitat on Minto Flats, composing 52%, 52%, and 43% of the study area, and 

91%, 59% and 92% of the available land mass in 1989,1990, and 1991, 

respectively (Table 3). Nest densities were 24% and 608% higher on plots 

composed of upland habitats in 1989 and 1991 (high-water years), respectively, 

than a low water year (1990), but in no year were nest densities higher in 

uplands than open habitat types (Table 11). Total numbers of nests on 

standardized plots were 113% and 123% higher in 1990 than in 1989 and 1991,
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respectively (Table 7), indicating that only in 1991 did nest densities in upland 

habitats increase sufficiently to potentially compensate for declines in open 

habitats. That northern pintails, northern shovelers, and lesser scaup did not 

nest as readily in upland habitats as did green-winged teal, American wigeon, 

and mallards (Fig. 7, Table 10) implies that the number of nests of only the latter 

species (green-winged teal, American wigeon, mallard) may have been more 

constant among years on Minto Flats than indicated by our standardized plots.

Several hypotheses may explain why ducks failed to nest on Minto Flats 

during high water years. Density-dependent factors may limit the number of 

nests in high-water years through increased intraspecific competition for 

preferred nest sites (meadows), or breeding territories (Dzubin 1969). A 

delayed and abbreviated nesting season may preclude emigration to other 

areas to nest. We believe that the lack of preferred nesting habitat (meadows), 

resulting from high water, was the principal factor responsible for annual 

variation in numbers of ducks nesting on Minto Flats. Although we recorded an 

increase in nests for most species on standardized plots in 1990 over 1989 and 

1991 (Table 7), variation in nest numbers was distributed disproportionately 

among species. Sixty percent of the variation in total nests was explained by 

variation in numbers of two species, northern pintails and northern shovelers, 

(Table 7), that nested relatively early (Table 9) and were most dependent on 

meadows for nesting (Fig 7). Species that nested late (scaup) (Table 9), or 

were less dependent on meadows for nesting (green-winged teal, American 

wigeon and mallards) (Fig 7), varied less among years in numbers of nests 

(Table 7).
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Productivity of Ducks Breeding in Interior Alaska

At the population level, duck production is measured by the number of 

young of the year entering the fall flight. Thus, production is dependent on the 

number of breeding pairs, the number of eggs laid, and the probability that 

those eggs hatch and the resulting young survive to fledging. When nest 

success is low, renesting can be an important component in overall duck 

production (Klett et al. 1988, Cowardin and Blohm 1992). At the individual level, 

productivity of female ducks is measured by the number of eggs produced, 

which can vary with date of nest initiation (Batt and Prince 1979, Cowardin et al. 

1985, Lokemoen et al. 1990, Higgins et al. 1992, this study), age (Afton 1984), 

and among breeding areas (Bellrose 1980, Duncan 1987a). Intraspecific 

variation in clutch sizes among (Duncan 1987a) and within (Bengtson 1971) 

breeding areas may be attributed to differences in the ability of females to 

acquire nutrients for egg production either from exogenous (Eldridge and Krapu 

1988), or endogenous (Ankney and Afton 1988, Afton and Ankney 1991) 

sources. Current hypotheses are that duck production from high latitudes is 

lower than breeding areas at mid-latitudes because densities of breeding pairs 

for most duck species are lower (Johnson and Grier 1988), and clutch sizes are 

believed to be smaller (Calverley and Boag 1977) for ducks nesting at high 

latitudes. Additionally, limited evidence suggests that nest success of ducks 

breeding at high latitudes is low (Derksen and Eldridge 1980), and renesting is 

believed not to occur (Hansen and McKnight 1964). Thus, the contribution of 

northern wetlands to continental duck production is thought to be less 

important than prairie wetlands. High-latitude wetlands are considered 

important only because they provide refuge for ducks displaced from the



prairies (overflight birds) during drought years (Smith 1970, Henny 1973). 

Overflight birds, however, are believed to be less productive in northern habitats 

(Hansen and McKnight 1964, Derksen and Eldridge 1980), but are able to re- 

occupy prairie habitats in years when conditions there are more favorable for 

breeding (Smith 1970). The Breeding Pair Survey, therefore, could 

overestimate the size of the true breeding population of ducks in high latitude 

breeding areas if overflight birds are counted during surveys.

Ducks, however, occupy Alaskan wetlands regardless of habitat 

conditions in the prairies. Therefore, we suggest that superimposed on the 

population of overflight birds is a discrete population of ducks that return 

annually to their natal areas in Alaska, and this "native" population of ducks 

represents a substantial portion of the nesting population. Productivity of 

nesting ducks on Minto Flats does not appear to be lower than productivity of 

nesting ducks in the mid-continent.

Clutch Size.-We did not find a consistent pattern of smaller clutch sizes 

of ducks on Minto Flats when compared to a sample of breeding areas in the 

mid-continent (Table 19). Of the 5 species of ducks used in our analysis, only 

northern shovelers had significantly smaller clutch sizes on Minto Flats than all 

mid-continent breeding areas tested (Table 19). This is inconsistent with 

patterns exhibited in passerine species, which tend to produce larger clutch 

sizes at higher latitudes (Rohwer 1992), and with previous reports on clutch 

sizes of waterfowl that show a decrease in clutch size with increasing latitude 

(Rowher 1992). For ducks, Rowher (1992) could not demonstrate a 

relationship between latitude and clutch size for several temperate-zone 

dabbling ducks; however, breeding areas > 55° N were not included in his
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analysis. Rowher (1992) and Calverley and Boag (1977) believed that greater 

energetic costs associated with breeding at high latitudes might cause smaller 

clutch sizes of waterfowl at high latitudes. Under their hypotheses, longer 

migration, and the lack of available foods prior to egg laying may cause 

waterfowl nesting at high latitudes to allocate a smaller portion of their stored 

nutrient reserves to egg production and more to maintenance, relative to 

nutrient reserves allocated to egg production by mid-latitude nesting waterfowl 

(Rowher 1992). Our comparison of clutch sizes between latitudes, however, 

indicates that ducks nesting in the sub-Arctic are able to compensate for the 

greater energetic costs associated with nesting at high latitudes. Mann and 

Sedinger (1993) suggested that northern pintails breeding in sub-arctic Alaska 

relied more on endogenous protein for reproduction than did ducks nesting at 

mid-latitudes, probably because early nesting species in the sub-Arctic do not 

have access to proteinaceous foods (Burris 1991). This may explain why clutch 

sizes of northern pintails were not smaller on Minto Flats than on some of the 

mid-continent breeding areas we tested (Table 19). Because nutrient-reserve 

dynamics have yet to be studied for northern pintails breeding at mid-latitudes, 

Mann and Sedinger (1993) could not determine if the greater reliance on 

endogenous protein was characteristic of only northern pintails, or of all ducks 

nesting at high latitudes. We believe that our comparison of clutch sizes 

between latitudes lends support to the hypothesis presented by Mann and 

Sedinger (1993) for northern pintails and may also explain why clutch sizes of 

mallards were similar between latitudes (Table 19). Whether this will hold for 

late and intermediate nesting species is uncertain. Similar clutch sizes of lesser 

scaup between mid- and high latitudes may be related to late nesting by this



species in the sub-Arctic. Lesser scaup probably begin nest initiation in the 

sub-Arctic when aquatic invertebrates are relatively more available (compared 

to early nesting species), and are therefore less likely to rely on endogenous 

protein sources for egg production. Thus, lesser scaup in the sub-Arctic likely 

rely on exogenous sources of protein for egg production, as they do at mid

latitudes (Afton and Ankney 1991). American wigeon, more than other duck 

species acquire nutrients from plant foods during the breeding season (Krapu 

and Reinecke 1992). Therefore, we would not expect egg production in this 

species to be nutrient limited in the sub-Arctic. That northern shovelers were 

the only species that had smaller clutch sizes on Minto Flats than all mid-latitude 

breeding areas in our analysis suggests that northern shovelers do not have 

sufficient access to proteinaceous foods to lay as large a clutch as at mid

latitudes. Not until comparative studies are performed on the nutrient-reserve 

dynamics of other ducks nesting at high latitudes will this issue be fully resolved.

Nest Success.-Nest predators were the major cause of nest failure on 

Minto Flats (Table 21). We could not, however, attribute with certainty nest 

failure to a particular predator because eggs from most depredated nests were 

removed from the nest bowl. To our knowledge only red fox and ravens are 

capable of removing and transporting eggs substantial distances from the nest 

site (Rearden 1951). Red fox were observed infrequently on the study area, 

probably because tall vegetation obscured these animals from view. We 

located 2 fox dens containing pups, however, while searching for duck nests. 

Ravens in flight were observed, on occasion, carrying eggs from duck nests, 

although ravens were not abundant on the study area. Because nests on 

islands were more likely to hatch than nests on nonisland sites (Table 23), and
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water undoubtedly restricts movements of terrestrial predators, we conclude 

that red foxes were the major predator of duck nests on Minto Flats. Nest 

depredation by ravens, however, cannot be considered inconsequential. Nest 

depredation by mink and mew gulls occurred, but because relatively few nests 

were destroyed by these predators, we believe their effect on overall nest 

success was small compared to red fox and ravens.

Overall, success of duck nests on Minto Flats was low (Table 22), 

considering that the study area is relatively free from human perturbation, and 

the diversity of mammalian predators is thought to be lower than at mid

latitudes (Sargeant and Raveling 1992). Of the factors we studied that influence 

production by nesting ducks on Minto Flats, low nest success is probably most 

limiting for total production of ducks. Our data also suggest that low nest 

success may be the norm, and low nest success in the prairies may not be 

solely an artifact of man-caused changes.

Nest success varied with year (Table 23), age of nest (Fig. 9), date (Fig. 

10), and nest location (Table 23). Daily survival rates of duck nests were higher 

in 1989 than other years studied and higher on island sites in 1989 and 1990 

compared to nonisland sites. We believe that the smaller size of islands in 1991 

(Table 1) caused these areas to be less stable during high water.

Consequently, lower survival rates of duck nests on island sites in 1991 

compared to other years was the result of nest failure caused by flooding rather 

than by increased depredation.

The effects of flooding on overall nest success is difficult to determine, 

because it is uncertain whether flooding was an additive or compensatory form 

of nest mortality. Because nests on islands were more likely to flood than
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nonisland sites (88% of flooded nests were on islands), and because nests on 

islands that escaped flooding were less likely to be depredated, flooding of 

nests on island sites may be considered additive to nest mortality caused by 

predation. On the other hand, because a greater proportion of nests were 

located on island sites in high-water years (56% in 1989, 87%% in 1991) than a 

low-water year (16%) (Table 14), a greater proportion of nests were susceptible 

to flooding. If the rate of failure caused by flooding on islands was similar to, or 

less than depredation rates had these nests been located on mainland sites, 

then flooding may be considered a compensatory form of mortality. Flooding 

accounted for 14% of nest failures on islands in both 1989 and 1991, whereas 

depredation accounted for 57% and 44% of nest failures on nonisland sites in 

1989 and 1991, respectively. Thus, nests flooded on islands would have been 

more likely to be depredated had they been on nonisland sites, consistent with 

flooding being a compensatory form of mortality.

Daily survival rates of duck nests varied with age of nest in all years (Fig. 

9), and with calendar date in 1989 and 1991 (Fig. 10). The effects of date and 

age on the survival of duck nests are not mutually exclusive, therefore, any 

effect of age is partially confounded with date effects (Klett and Johnson 1982). 

We believe, however, that because we combined nests of early, intermediate, 

and late-nesting species, the effects of date are less confounded with age in our 

estimate of daily survival rate (Fig. 9) than if each species were treated 

separately. Conversely, in our estimate of daily survival rates of nests with 

respect to date (Fig. 10), early nesting species are overrepresented early in the 

season, whereas late-nesting species are overrepresented late in the season.
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Nest success was not estimated with respect to habitat type because relatively 

small numbers of nests were located in upland habitats (Table 10).

Our Mayfield estimates of nest success (Table 22 and 23) violate the 

assumption of constant daily survival (i.e., nest success varied with age, date, 

and nest location) (Johnson 1979, Klett and Johnson 1982). Thus, nest 

success will be biased high if nests with the highest risk of failure are 

underrepresented in our sample (Klett and Johnson 1982). In our sample of 

nests, however, nests with the highest risk of failure comprise a larger 

proportion of the sample than nests with the lowest risk of failure. For example, 

daily survival rates of duck nests increased linearly with increasing age in all 

years (Fig. 9), indicating that "young" nests are less likely to hatch. Nests in the 

early stages of laying-incubation (0-16 days), however, represented > 70% of 

the total number of nests we located (Table 8). That fewer nests were located 

late in incubation and these nests are more likely to hatch suggests that we 

located most of the nests initiated on the study area. Also, in years when nests 

located on islands had higher rates of nest success, nest located on nonisland 

sites represented 68% of the total number of nests. We believe the true 

success rate of duck nests on Minto Flats falls between our Mayfield and 

apparent estimates, at least in high water years (1989 and 1991). During those 

years, detectability of nests was probably high. Therefore, we believe that a 

relatively small number of failed nests went undetected. The number of nests 

that hatched or failed before they were located was small in 1989 (n = 12) and 

1991 (n = 24) suggesting that we located most nests when active, or that we 

were not proficient in locating unattended nests. We believe, however, the 

former explanation is more likely because all plots were searched thoroughly
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with the aid of dogs, and duck nests were concentrated (Table 11) in relatively 

small areas, many of which were on islands (Table 1), in high water years, 

further increasing the probability of detecting nests. Additionally, Johnson and 

Shaffer (1990) suggested that the apparent method may provide a better 

estimate of nest success when nest mortality is mostly catastrophic and nest 

initiation is synchronous. Although flooding was not the principal cause of nest 

failure on Minto Flats, nest failure resulting from flooding was high when water 

levels were high (Table 21), and nest initiation was more synchronous than 

exhibited by prairie nesting ducks (Figure 11). It is difficult, however, to 

ascertain from our relationship between daily survival rate and calender date 

(Fig. 10) whether flooding caused catastrophic mortality. In 1990, more habitat 

was available to nesting ducks, therefore, nest detectability was likely lower in 

1990 than in high-water years. Our Mayfield estimates of nest success are 

therefore more appropriate in 1990 than the apparent estimate.

CONCLUSIONS

Our success in locating and monitoring duck nests on Minto Flats 

demonstrates that ground-based studies conducted in interior Alaska are a 

practical means of acquiring data on sub-Arctic nesting ducks in some areas. 

Our efforts have produced the most comprehensive data set, to date, on 

nesting ducks for this region. The abundance and diversity of duck nests we 

located during this study support previous claims (Conant and Hodges 1985) 

that Minto Flats contains high-quality breeding habitat for waterfowl.

Northern shovelers and lesser scaup were the most abundant nesting 

ducks on Minto Flats in the late 1980’s and early 1990’s. In the 1950’s, 

however, lesser scaup composed most of the breeding population on Minto
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Flats, while northern shovelers composed only a small proportion of the 

breeding population. The relative abundances of other species were similar 

between the 1950’s and 1990’s. Differences in the relative abundance of 

northern shovelers suggest that the structure of the breeding community of 

ducks has changed since the 1950’s, probably as the result of higher 

recruitment, or greater survival by northern shovelers.

Breeding habitat for waterfowl varies annually in interior Alaska; extensive 

spring flooding occurs frequently, and may be widespread. High water levels 

on Minto Flats inundate low-lying meadows, which are the habitats used most 

often by nesting ducks when available. During high-water years, duck nests are 

concentrated on available meadow habitat and floating islands, while nest 

densities increase slightly in unflooded habitats (upland habitat types). We 

located smaller numbers of duck nests on Minto Flats during high-water years 

compared to a low-water year, even though the Breeding Pair Survey indicated 

that the number of breeding pairs was similar among years of the study. We 

conclude that the lack of suitable nesting habitat precluded ducks from nesting 

during high-water years. Northern pintails, northern shovelers and scaup relied 

more on open habitats for nesting than other duck species. Because the 

number of northern pintail and northern shoveler nests varied more between 

high and low-water years, we hypothesize that production from these species 

was effected more by flooding than was production from species that nested 

late and used wet areas for nesting (scaup), or were less dependant on 

meadows for nesting (American wigeon, green-winged teal and mallards). 

Availability of upland habitats was less effected by high water, and American 

wigeon, green-winged teal and mallards utilize these habitat types for nesting
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when water levels are high, suggesting that these species are responsible for 

the higher nest densities in upland habitats during high-water years. Differential 

use of nesting habitats by ducks on Minto Flats during high water and the 

frequency of flooding in interior Alaska suggest that duck production from the 

boreal forest is highly variable.

Ducks on Minto Flats exhibit a more synchronous breeding schedule 

than do ducks breeding in the prairies, probably because the time available for 

breeding in the sub-arctic is limited by a shorter growing season. First dates of 

arrival and nest initiation by ducks on Minto Flats did not appear to be 

influenced by weather, unlike the prairie-parklands. Most ducks on Minto Flats 

begin nesting later and end nesting earlier than ducks nesting in the prairies. 

Lesser scaup, however, begin nesting earlier on Minto Flats than in some mid

continent breeding areas. In most years, mallards and northern pintails begin 

nesting in the prairies before these species arrive in the sub-arctic. Ducks on 

Minto Flats, however, compensate for their late arrival by initiating nests earlier, 

relative to arrival, than prairie ducks indicating that sub-arctic ducks are less 

able to store nutrients after arrival.

Clutch sizes of northern pintails, mallards, American wigeon and lesser 

scaup on Minto Flats were equal to, and in some cases greater than, clutch 

sizes of ducks in at least one of the mid-continent breeding areas we examined. 

Only northern shovelers had consistently smaller clutch sizes at Minto Flats 

than all mid-continent locations. Similarity in clutch sizes between high and mid

latitude breeding areas suggests that ducks breeding in the sub-arctic are able 

to compensate for the greater energetic costs associated with breeding in the 

high north, possibly by relying more on endogenous sources of nutrients for
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egg production (Mann and Sedinger 1993). Evidence suggests that some 

ducks nesting in the sub-arctic are able to renest (Mann and Sedinger 1993); 

however, because of the shorter breeding season in the north we do not believe 

that these ducks renest as often as ducks nesting in the prairies.

Low nest success may be limiting overall production of ducks on Minto 

Flats. Because nest success varied with age of nests, calendar date, and nest 

location, our Mayfield estimates of nest success may be biased. Because nests 

at higher risk of failure composed a larger proportion of nests in our sample 

than nests at lower risk of failure, and because we believe a small proportion of 

failed nests went undetected, the true estimate of nest success likely lies 

between our Mayfield and apparent estimates. In a low-water year, our Mayfield 

estimates of nest success probably more closely approximate the true success 

rate of duck nests on Minto Flats than does our apparent estimate. Conversely, 

our apparent estimate of nest success probably more closely approximates the 

true success rate of nests in high water years than does our Mayfield estimates.

Productivity of ducks on Minto Flats is higher than previously believed 

possible for boreal-forest wetlands (Hansen and McKnight 1964, Smith 1970, 

Calverley and Boag 1977, Derksen and Eldridge 1980). The presence of 

overflight birds in the high north, however, confounds estimates of duck 

production in that region. Differences in estimates of relative abundance of 

some species of ducks between ground counts and the Breeding Pair Survey 

suggests that a bias exists in one of these estimates.

Development within Minto Flats is limited to a small number of private 

cabins (Alas. Dep. Fish and Game 1991). Subsistence use by Athabascan 

natives and recreational hunting, fishing and trapping represent the only current
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consumptive uses of natural resources on Minto Flats (Alas. Dep. Fish and 

Game 1991). During the 1930’s and 1940’s, however, intensive placer mining in 

drainages upstream of Minto Flats resulted in elevated turbidity levels in 

streams, and caused increased sedimentation of stream channels and some 

lakes on Minto Flats (Shepherd et al. 1985). Effects of these conditions on 

habitat quality in the past is not known. Improved mining practices, however, 

resulted in improved water quality in waterways entering Minto Flats (Alas. Dep. 

Fish and Game 1991). The Trans Alaska Pipeline System and the Alaska 

Railroad, located adjacent to Minto Flats (Fig. 1), are developments that have 

the potential to release toxic products into waterways flowing into Minto Flats 

(Alas. Dep. Fish and Game 1991). Because of its importance to nesting ducks 

in interior Alaska, we believe habitat quality on Minto Flats should be monitored 

to ensure that the area remains attractive to breeding waterfowl.
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Fig. 1. Location of Minto Flats, Alaska, surrounding areas, and Breeding Pair Survey 
(BPS) segments.
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Fig. 2. Northern portion of the Minto Flats study area showing the location of random and nonrandom plots 
searched at least once for duck nests. Random plot size not to scale.
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Fig. 3. Southern portion of Minto Flats study area showing the effect of water 
level on the availability of habitat.
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Minto Flats, Alaska in 1989,1990 and 1991. Y axis range varies among species.
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Fig. 10. Daily survival rates (DSR) of duck nests in relation to calendar date on 
Minto Flats, Alaska in 1989, 1990 and 1991.



98

Range Mean arrival 
▲ ^

99% of nest initiations
Minto Flats 
North Dakota ly y y y y i

Lesser
scaup
American
wigeon

Green-winged
teal

Northern
shoveler

Northern
pintail

A
I-------1-1--------1---1------- 1-----1----- 1----- 1-----1----- 1----- 1----- 1----- 1

70 80 90 100 110 120 130 140 150 160 170 180 190 200

Julian Date
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Table 1. Number and size (ha) of plots searched for duck nests on Minto Flats,
Alaska in 1989, 1990 and 1991.

1989 1990 1991

No. plots searched: 
random 14 9 4
non-random 35 30 72

Mean size/plot 8.6 16.5 1.9
(SD) (11.5) (30.5) (3.9)

No. island plots 16 4 55

Mean size/island 1.8 12.3 0.8
(SD) (5.1) (13.4) (2.8)

BIOSCIENCES LIBRARY 
UNIVERSITY Of ALASKA FAIRBANKS



Table 2. Number of hectares in open and upland habitat types searched for duck nests on Minto Flats, Alaska in
1989,1990, and 1991.

Open habitats Upland habitats

Floating Boreal 
Meadow Vegetation Forest

Alder-
Willow
Thicket

Black
Spruce
Bog

Mixed
Shrub

Early
Succession Total

Flectares searched:

1989 249.0 5.6 66.7 46.7 31.5 6.6 16.6 422.7
1990 573.2 2.5 34.2 13.2 6.1 0.0 9.3 638.5
1991 58.4 8.2 59.1 3.0 0.0 7.7 5.2 141.6

Hectares searched in 1990, not available in: 

1989 492.1 0.0 0.0 0.0 0.0 0.0 0.0 492.1
1991 517.9 0.0 0.0 2.4 0.0 0.0 0.0 520.3

Hectares searched only in: 

1989 77.9 0.1 42.4 23.5 25.4 3.5 7.3 180.1
1991 9.1 1.8 39.9 0.0 0.0 3.9 0.0 54.7

100
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Table 3. Relative abundance of upland and meadow habitat types, and water on 
the Minto Flats, Alaska study area in 1989,1990, and 1991.

Habitat type

Percent

1989 1990 1991

Meadow 5 36 4
Upland3 52 52 43
Water 43 12 53

a Includes boreal forest, black spruce bog, mixed shrub, 
alder/willow thickets, and early succession.
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Table 4. Descriptions of fate categories assigned to duck nests on Minto Flats,
Alaska in 1989, 1990, and 1991

Fate Category Description

Hatched Ducklings, or detached shell membranes were present 
in the nest bowl.

Depredated Shell fragments, or no eggs were present in the nest bowl, 
or evidence indicated depredation had occurred (e.g. 
depredated hen near nest, depredated eggs in, or near nest 
bowl).

Abandoned Clutch size and stage of embryo development did not differ 
between nest visits, and the nest was apparently 
unattended by the hen (e.g., cold, wet eggs and down).

Flooded Nest bowl was partially, or totally submerged and there 
was no evidence of attentiveness by the hen. When a post
hatch visit occurred > 5 days after the expected hatch date, 
habitat conditions on the initial visit and known fates of 
nests in the immediate vicinity were used to indicate pre
hatch flooding. During pre-hatch visits, the nest was 
considered flooded when extensive flooding of the nest site 
precluded us from relocating it.

Failed-unknown
causes

Cause of nest failure could not be determined.

Unknown Fate of the nest was undetermined. Nests not revisited 
because nest markers could not be relocated, because they 
were not accessible for re-visits, or for which pre-hatch 
flooding was questionable were placed in this category.
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Table 5. First arrival dates of ducks in Fairbanks, Alaska3.

Green
Northern Northern winged American Scaup

Year pintail Mallard shoveler teal wigeon sp.

1976 16 Apr 20 April 1May 24April
1977 21 Apr 24 April 28 April 27 April 24 April
1978 22 Apr 22 April 25 April
1979 18 Apr 20 April 20 April
1980 17 Apr 18 April 28 April

1 May1981 22 Apr 22 April 26 April 26 April 26 April
1982 27 Apr 26 April 30 April 3 May

23 April1983 21 Apr I 23 April 25 April 27 April
10 May1984 21 Apr I 23 April 28 April 3 May 25 April

1985 25 Apr I 28 April 4 May 1 May
1986 23 Apr I 24 April 28 April

29 April
28 April

1987 20 Apr I 21 April 29 April
1988 17 Apr I 20 April 28 April 28 April
1989 20 Apr I 20 April 2 May 26 April 25 April
1990 18 Apr I 19 April 29 April

25 April
20 April

1991 18 Apr I 23 April 1 May 23 April

X 20 April 22 April 29 April 29 April 26 April 30 April
(SD)b (3.0) (2.6) (2.4) (3.4) (2.8) (10.0)

3 Alaska Department of Fish and Game (unpublished). Most observations were at 
Creamer’s Field Migratory Waterfowl Refuge. 

b ( )days.
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Table 6. Species composition of duck nests located on Minto Flats, Alaska in
1989, 1990, and 1991.

Species

1989 1990 1991 Total

n % n % n % n %

Northern pintail 26 10 62 15 44 10 132 12
Mallard 33 13 41 10 65 14 139 12
Northern shoveler 79 30 143 35 118 26 340 30
Green-winged teal 14 5 14 3 22 5 50 4
American wigeon 24 9 30 7 36 8 90 8
Gadwall 7 3 5 1 8 2 20 2
Lesser scaup 50 19 68 16 98 22 215 19
Greater scaup 8 3 6 2 14 3 28 3
Canvasback 3 1 21 5 9 2 33 3
Blue-winged teal 0 0 2 1 3 1 5 <1
Redhead 0 0 2 1 2 <1 4 <1
White-winged scoter 0 0 2 1 0 0 2 <1
Unknown 19 7 13 3 31 7 64 6

Total 263 100 409 100 450 100 1122 100
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Table 7. Species composition of duck nests located on standardized plots on 
Minto Flats, Alaska in 1989,1990, and 1991.

1989 1990 1991 Total

Species n % n % n % n %

Northern pintail 
Mallard
Northern shoveler 
Green-winged teal 
American wigeon 
Gadwall 
Lesser scaup 
Greater scaup 
Canvasback 
Blue-winged teal 
Redhead
White-winged scoter 
Unknown

Total

17 9 60 15 18 10 95 13
20 11 40 10 22 12 82 11
51 28 138 35 56 32 245 32

5 3 14 4 5 3 24 3
15 8 27 7 10 <6 52 7
6 3 5 1 5 3 16 2

50 27 66 17 37 21 153 20
8 4 6 2 5 3 19 3
2 1 21 5 7 4 30 4
0 0 1 <1 0 0 1 <1
0 0 2 <1 2 1 4 <1
0 0 2 <1 0 0 2 <1

11 6 12 3 10 <6 33 4

185 100 394 100 177 100 756 100
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Table 8. Number of duck nests located during laying, and early, mid- and late 
incubation on Minto Flats, Alaska in 1989,1990 and 1991.

1989 1990 1991 Total

Stage of nesting n (%> n (%) n (%) n (%)

Laying 83 (36) 87 (24) 132 (32) 302 (30)

1 -8 days 
incubation

81 (35) 161 (45) 172 (42) 414 (42)

9-16 days 
incubation

38 (17) 63 (18) 69 (17) 170 (17)

> 16 days 
incubation

27 (12) 46 (13) 34 (9) 107 (11)

Total 229 (100) 357 (100) 407 (100) 993 (100)



Table 9. First, last, and mean initiation dates, and length of the nesting period for ducks nesting on Minto Flats,
Alaska in 1989,1990, and 1991.

Year
Northern
pintail Mallard

Northern
shoveler

Green
winged
teal

American
wigeon

Lesser
scaup

Canvas-
back

1989

First nest 
Last nest 
Length3 
Mean

2 May 
10 June 
39 days 
24 May

27 April 
8 June 
42 days 
21 May

12 May 
27 June 
46 days 
30 May

16 May 
19 June 
34 days 
30 May

16 May 
19 June 
34 days 
30 May

13 May 
1 July 
49 days 
8 June

1990

First nest 
Last nest 
Length 
Mean

6 May 
13 June 
38 days 
24 May

4 May 
13 June 
40 days 
22 May

11 May 
15 June 
35 days 
29 May

16 May 
16 June 
31 days 
29 May

15 May 
11 June 
27 days 
27 May

28 May 
25 June 
28 days 
6 June

17 May 
5 June 
19 days 
28 May

1991

First nest 
Last nest 
Length 
Mean

8 May 
13 June 
36 days 
22 May

5 May 
19 June 
45 days 
24 May

13 May 
22 June 
40 days 
2 June

15 May 
26 June 
42 days 
28 May

16 May 
20 June 
35 days 
28 May

18 May 
4 July 
47 days 
6 June

Mean nesting 
period ( SD)

38 days 
(1.5)

42 days 
(2.5)

40 days 
(5.5)

36 days 
(5.7)

32 days 
(4.4)

41 days 
(11.6)

a Interval between initiation of first and last nest.
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Table 10. Number of duck nests located in each habitat type on Minto Flats, Alaska in 1989, 1990 and 1991.

Species

Open habitats Upland habitats

Meadow
Float
Vega

Boreal
Forest

Alder-
Willow
Thicket

Black
Spruce
Bog

Mixed
Shrub

Ear|y h
Succ.

89 90 91 89 90 91 89 90 91 89 90 91 89 90 91 89 90 91 89 90 91

Pintail 19 59 30 4 0 9 1 0 3 0 0 0 0 1 0 1 0 1 1 2 1
Mallard 26 38 32 5 2 24 1 0 7 1 0 0 0 0 0 0 0 2 0 1 0
Shoveler 71 141 86 6 2 27 0 0 0 0 0 1 2 0 0 0 0 3 0 0 1
G. w. teal 8 14 5 0 0 4 2 0 10 2 0 0 0 0 0 0 0 2 1 0 1
Wigeon 18 28 15 0 0 11 2 1 8 2 1 0 0 0 0 0 0 2 2 0 0
Gadwall 7 5 4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Scaup 56 74 78 2 0 32 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0
Canvasback 3 21 7 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B. w. teal 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Redhead 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W. w. Scoter 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unknown 16 13 13 1 0 13 1 0 2 0 0 0 0 0 0 0 0 2 1 0 1

Total 224 399 274 18 4 125 7 1 31 5 1 2 2 1 0 1 0 14 5 3 4
Percent 85 98 61 7 1 28 3 <1 7 2 <1 <1 <1 <1 0 <1 0 3 2 <1 1

a Floating vegetation. 
b Early succession.
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Table 11. Occurrence of duck nests in each habitat type on Minto Flats, Alaska
in 1989, 1990 and 1991.

Year/Habitat Type

Proportion 
of habitat 
searched

Proportion 
of nests 
observed

95% Cl on 
proportion of 
occurrence

Nest
density3

1989

Meadow 0.589 0.855 0.832 < p <  0.878 0.90
Floating vegetation 0.013 0.068 0.064 < p  < 0.072 3.21
Boreal forest 0.158 0.027 -0.034 < p  < 0.088 0.10
Alder-willow thicket 0.110 0.019 -0.042 < p  < 0.080 0.11
Black spruce bog 0.075 0.008 -0.055 < P < 0.071 0.06
Mixed shrub 0.016 0.004 -0.059 < p  < 0.067 0.15
Early succession 0.039 0.019 -0.042 < p  < 0.080 0.30

1990

Meadow 0.897 0.975 0.967< p <  0.983 0.69
Floating vegetation 0.004 0.010 -0.040 < p  < 0.060 1.60
Boreal forest 0.054 0.002 -0.042 < p  < 0.046 0.03
Alder-willow thicket 0.021 0.002 -0.042 < p  < 0.046 0.08
Black spruce bog 0.010 0.002 -0.042 < p <  0.046 0.16
Early succession 0.014 0.007 -0.041 < p <  0.055 0.32

1991

Meadow 0.413 0.609 0.580 < p <  0.638 4.69
Floating vegetation 0.058 0.278 0.238 < p <  0.318 15.24
Boreal forest 0.417 0.069 0.024 < p  < 0.114 0.52
Alder-willow thicket 0.021 0.004 -0.040 < p  < 0.048 0.67
Mixed shrub 0.054 0.031 -0.015< p <  0.077 1.81
Early succession 0.037 0.009 -0.038 < p <  0.056 0.77

a nests/ha



Table 12. Mean percent cover (SD) of major plant species within 0.5 m of duck nests located on Minto Flats, Alaska
in 1989,1990, and 1991.

Species/Year grass sedge

marsh
five
finger

horse
tail

buck-
bean

low
shrub3

tall
shrubb upland0

1989
Northern pintail 52 (42.5) 4 (14.4) 7 (19.3) 1 (2.3) 2 (5.1) 23 (34.1) 6 (15.3) 5 (20.9)
Mallard 53 (45.1) 3 (18.6) 1 ( 2.7) 2 (9.3) 1 (3.7) 30 (40.6) 7 (15.9) 0 (00.0)
Northern shoveler 75 (36.5) 12 (23.2) 6 (12.4) <1 (1.6) 1 (3.9) 2 (13.2) 2 (8.6) <1 (1.2)
Green-winged teal 50 (41.5) 0 (00.0) <1 (1.4) 2 (5.8) 0 (00.0) 16 (22.4) 29 (30.2) 2 (4.3)
American wigeon 66 (38.5) 0 (00.0) 1 (2.3) 3 (7.4) 0 (00.0) 11 (25.6) 17 (29.8) 2 (9.4)
Scaup 48 (40.3) 16 (28.4) 13 (18.0) 1 (1.9) 6 (17.8) 5 (16.8) 3 (12.6) 0 (00.0)

1990
Northern pintail 81 (30.5) 4 (11.4) 4 (10.4) 1 (4.8) 0 (0.0) 4 (16.7) 5 (13.9) <1 (1.9)
Mallard 77 (32.6) 6 (19.8) 1 (5.4) 2 (9.0) <1(1.6) 6 (18.6) 5 (16.9) 1 (6.5)
Northern shoveler 76 (33.8) 14 (26.3) 3 (9.5) 5 (15.3) < 1 (3.4) <1 (4.3) < 1 (0.6) <1 (1.3)
Green-winged teal 79 (25.3) 0 (00.0) 2 (5.4) 1 (5.3) 0 (0.0) 0 (00.0) 18 (26.7) 0 (0.0)
American wigeon 72 (37.9) 3 (12.3) 1 (2.0) 1 (5.8) 0 (0.0) 5 (20.5) 14 (27.0) 2 (8.2)
Scaup 57 (43.5) 17 (31.0) 3 (9.3) 17 (28.7) <1(1.2) 1 (7-8) 1 (4.9) 0 (0.0)

1991
Northern pintail 43 (35.6) 12 (28.6) 12 (20.6) 2 (7.0) 0 (00.0) 25 (33.9) 3 (10.1) 2 (10.0)
Mallard 35 (36.8) 16 (33.7) 5 (13.9) 1 (5.0) 1 (6.8) 29 (36.2) 3(17.1) 3 (14.1)
Northern shoveler 57 (38.4) 14 (26.1) 14 (18.8) <1 (3.8) 4 (13.6) 9 (19.4) <1 (3.0) 0 (00.0)
Green-winged teal 32 (40.9) 3 (13.4) 1 (5.6) 18 (25.1) 1 (3.4) 19 (32.7) 1 (2.2) 18 (30.1)
American wigeon 24 (31.8) 5 (16.9) 1 (4.4) 1 (5.1) 0 (00.0) 40 (39.2) 6 (17.4) 3 (17.2)
Scaup

cl Iaui okii'i ik — nnrro

40 (36.0)

nrlcn

18 (29.7)

nolo onrl i

17 (18.4)

rl\A#orf Kiroh

1 (5.2) 12 (23.6) 7 (19.5) <1 (1.9) 1 (5.3)

a low shrub = cassandra, sweet gale, and dwarf birch. 
b tall shrub = willow and alder.
c upland = paper birch, rose, fireweed, and spruce.

n
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Table 13. Factor score coefficients for percent cover of the 3 most dominant plant
species within 0.5 m of duck nests on Minto Flats, Alaska in 1989,1990 and 1991.

Vegetation Type PC1 PC2

Grass 0.54 -0.19
Sedge -0.36 -0.24
Marsh five-finger -0.27 -0.38
Buckbean -0.17 -0.22
Low shrub3 -0.14 0.38
Bogb -0.09 0.26
Horsetail -0.07 0.24
Upland0 -0.06 0.33
Emergent0 -0.03 0.04
Tall shrube -0.03 0.29

variance explained 0.18 0.13

a cassandra, sweet gale, dwarf birch 
b labrador tea, bog rosemary, berry 
c paper birch, spruce, rose, fireweed 
d smartweed, pendant grass, cattail 
e willow, alder



Table 14. Number of duck nests located on mainland, island, and peninsula sites on Minto Flats, Alaska in 1989,
1990, and 1991.

Mainland Island Peninsula

Species 1989 1990 1991 1989 1990 1991 1989 1990 1991

Northern pintail 9 49 4 16 13 40 1 0 0
Mallard 5 34 5 20 5 60 8 2 0
Northern shoveler 37 127 13 36 14 103 6 2 2
Green-winged teal 10 12 11 4 2 11 0 0 0
American wigeon 14 25 5 8 3 31 2 2 0
Gadwall 1 4 0 5 1 8 1 0 0
Scaup 8 51 6 48 22 106 2 1 0
Canvasback 2 17 2 1 4 6 0 0 1
Blue-winged teal 0 2 1 0 0 2 0 0 0
Redhead 0 2 0 0 0 2 0 0 0
White-winged scoter 0 2 0 0 0 0 0 0 0
Unknown 10 10 5 8 3 26 1 0 0

Total 96 335 52 146 67 395 21 7 3
Percent 36 82 12 56 16 87 8 2 <1
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Table 15. Mean distance3 to nearest major water body of duck nests located on
Minto Flats, Alaska in 1989,1990, and 1991.

Year Species
nests
used X S.D.

1989
Northern pintail 23 70.2 96.0
Mallard 28 34.7 32.4
Northern shoveler 64 72.4 72.2
Green-winged teal 12 98.4 114.9
American wigeon 20 64.1 106.1
Scaup 46 60.3 48.1
Total 193 66.7

1990
Northern pintail 48 137.3 134.4
Mallard 28 85.0 90.9
Northern shoveler 102 113.8 104.6
Green-winged teal 9 71.7 30.6
American wigeon 24 106.5 117.9
Scaup 56 58.8 58.5
Total 267 95.5

1991
Northern pintail 44 35.9 83.2
Mallard 63 21.5 21.0
Northern shoveler 113 25.4 42.2
Green-winged teal 20 43.4 113.3
American wigeon 34 15.7 18.3
Scaup 104 17.3 20.2
Total 378 26.5

3 Distance to open water (meters).



Table 16. Number of duck nests located nearest a lake, channel, and pond-oxbow on Minto Flats, Alaska in 1989,
1990, and 1991.

Species

Northern pintail 
Mallard
Northern shoveler 
Green-winged teal 
American wigeon 
Gadwall 
Scaup 
Canvasback 
Blue-winged teal 
Redhead
White-winged scoter 
Unknown

Total
Percent

lake channel

1989 1990 1991 1989 1990 1991

pond-oxbow 

1989 1990 1991

19 51 32 6 3 4 1 8 8
22 26 57 10 8 2 1 7 6
58 105 82 13 25 10 8 13 26
6 10 11 3 3 10 4 1 1

13 20 32 9 8 1 2 2 3
5 4 7 2 1 0 0 0 1

51 64 73 4 5 2 3 5 37
1 18 6 1 2 2 1 1 1
0 1 1 0 1 1 0 0 1
0 2 0 0 0 0 0 0 2
0 2 0 0 0 0 0 0 0

11 11 24 4 0 2 4 2 5

186 314 325 52 56 34 24 39 91
71 77 72 20 14 8 9 9 20

b Nearest water body for 1 green-winged teal nest in 1989 not recorded.
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Table 17. Incubated clutch sizes of ducks nesting on Minto Flats, Alaska in 1989,1990 and 1991, and mean clutch 
sizes reported by Bellrose (1980).

Species

1989 1990 1991 Bellrose

mean SD n mean SD n mean SD n mean

Northern Pintail 7.4 1.4 18 7.1 1.1 43 7.0 1.2 32 7.8
Mallard 8.3 1.4 23 9.1 1.2 28 8.1 1.4 51 9.0
Northern Shoveler 9.5 1.1 59 9.2 1.4 108 9.1 1.6 84 9.4
Green-winged Teal 7.5 1.9 8 8.5 1.2 8 9.2 0.9 13 8.6
American Wigeon 8.5 1.3 19 8.3 1.2 21 8.3 1.3 27 8.5
Gadwall 8.5 1.9 6 9.8 2.2 4 8.8 1.9 5 10.0
Lesser Scaup 9.4 1.9 27 9.8 1.1 53 9.5 1.5 77 9.0
Greater Scaup 9.4 1.1 5 9.2 1.2 6 9.2 1.0 12 9.0
Canvasback 8.0 1.4 3 7.5 1.5 17 7.3 2.1 8 9.5
Blue-winged Teal ------ — 0 — — 0 7.7 1.5 3 9.8
Redhead -- — 0 8.5 2.1 2 9.5 3.5 2 11.1
White-winged Scoter -- -- 0 8.0 0.0 2 - - - 0 9.2
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Table 18. Regression equations of the relationship between incubated clutch size
and nest initiation date of duck nests on Minto Flats, Alaska in 1989,1990 and
1991.

Year/Species Regression equation r2

1989
Northern pintail 
Northern shoveler 
American wigeon 
Lesser scaup 
Mallard

1990
Northern pintail 
Northern shoveler 
American wigeon 
Lesser scaup 
Mallard

1991
Northern pintail 
Northern shoveler 
American wigeon 
Lesser scaup 
Mallard

Y = 17.46-0.071X 0.37 0.009
Y = 21.72-0.082X 0.46 < 0.001
Y = 25.74-0.115X 0.46 0.001
Y = 28.99-0.124X 0.43 < 0.001
Y = 16.85-0.064X 0.33 0.007

Y = 14.89-0.055X 0.27 < 0.001
Y = 25.69-0.110X 0.38 < 0.001
Y = 23.72-0.104X 0.45 0.001
Y = 22.04 - 0.078X 0.21 < 0.001
Y = 20.51 - 0.082X 0.44 < 0.001

Y = 11.07-0.029X 0.05 0.222
Y = 22.11 -0.085X 0.24 < 0.001
Y = 14.22-0.040X 0.08 0.142
Y = 24.17-0.093X 0.32 < 0.001
Y = 11.75-0.026X 0.05 0.121



Table 19. Adjusted mean clutch sizes3 of ducks on Minto Flats, Alaska and mid-continent 
breeding areas.

Study Area

Species
Minto Flats, 
Alaska

Egg Island, North 
N. Dakota Dakota13

Brooks,
Alberta

Minnedosa,
Manitoba

Northern pintail 7.1 be 7.9 a 7.2 b 6.9 c

Mallard
1989 and 1991
1990

8.1 c 
9.0 ab

8.5 be 8.7 a 8.7 ab

Northern shoveler 9.2 b 9.7 a 9.9 a 10.0 a

American wigeon 8.4 a 8.6 a

Lesser scaup 9.6 b 9.9 ab 10.2 a

3 Study areas with identical letters indicate no variation (P > 0.05) in adjusted mean clutch 
sizes (ANCOVA) for each species separately. 

b Koenig and Woodworth study areas.
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Table 20. Mean length, width, and volume of duck eggs located on Minto Flats, Alaska in 1989,1990 and 1991.

length (mm) width (mm) volume (cc)a

Species n meani SD range mean SD range mean SD range

Northern pintail 806 53.7 2.4 41.3 37.6 1.2 16.6 76.2 7.0 81.6
Mallard 947 57.4 2.2 33.8 40.9 1.3 24.5 96.0 8.0 124.7
Northern shoveler 2421 52.4 2.0 33.3 36.7 1.1 21.0 70.8 5.6 87.6
Green-winged teal 
American wigeon

335 44.5 1.6 11.4 32.2 0.7 7.5 46.1 2.8 21.8
638 53.8 2.2 31.2 38.1 1.3 16.8 78.0 6.8 82.4

Gadwall 179 54.5 1.7 9.1 39.8 0.8 6.0 86.5 4.7 27.0
Lesser scaup 1481 57.0 1.8 12.9 39.7 0.9 7.7 89.8 5.5 38.5
Greater scaup 241 63.2 2.3 13.6 42.9 0.9 5.6 116.4 7.1 34.6
Canvasback 192 63.3 2.1 11.9 44.1 1.1 5.8 123.0 8.1 42.6
Blue-winged teal 30 46.0 1.5 5.7 33.9 0.8 3.7 52.8 3.5 14.5
Redhead 36 61.9 1.3 6.6 43.4 1.4 4.6 116.5 8.0 31.6
White-winged scoter 8 64.9 1.2 3.9 45.9 0.6 1.8 136.5 5.1 16.2

aVolume = length Xwidth2/1 000



Table 21. Fates of duck nests located on Minto Flats, Alaska in 1989,1990 and 1990.

Percent3

Species

Total

nests hatched predated abandoned

failed
other

flooded causes

Northern pintail 
Mallard13
Northern shovelerc 
Green-winged teal 
American wigeon 
Gadwall 
Scaup 
Canvasback 
Blue-winged teal 
Redhead
White-winged scoter 
Unknown

89 90 91 89 90 91 89 90 91 89 90 91 89 90 91 89 90 91

26 59 40 35 27 18 46 64 52 4 8 5 15 0 23 0 0 2
31 38 57 35 39 35 39 53 46 13 5 3 13 0 16 0 3 0
64 130 94 41 25 25 34 65 40 8 5 5 16 0 26 2 5 4
11 14 20 36 21 35 55 57 50 0 14 5 0 0 5 9 7 5
21 30 34 38 23 35 48 73 50 10 0 9 0 0 6 5 3 0

7 5 7 43 40 29 57 40 57 0 0 14 0 0 0 0 20 0
48 70 94 25 30 32 35 59 49 6 9 1 27 0 16 6 3 2

2 21 8 100 57 88 0 43 12 0 0 0 0 0 0 0 0 0
0 2 3 __ 0 0 — 100 33 — 0 33 - - 0 0 — 0 33
0 2 2 ___ 50 0 - - 0 50 — 50 0 — 0 50 — 0 0
0 2 0 __ 50 ___ — 50 — — 0 — — 0 — — 0 —

16 13 27 13 15 11 69 77 41 0 0 7 13 0 30 6 8 11

226 386 386 34 29 29 42 62 45 7 6 5 14 0 18 4 4 3

3 Excluding nests of unknown fate and nests not assigned to a fate category. 
b In 1991,1 mallard nest not assigned to a fate category. 
c In 1991,11 northern shoveler nests not assigned to a fate category.
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Table 22 Mayfield estimates3 of nest success of duck nests on Minto Flats, 
Alaska in 1989,1990 and 1991, and years combined.

No. No. exposure DSRC success 95%CI 
Speciesb/Year hatch fail days %

a Johnson 1979.
b Only species with > 10 nests/year were listed separately. 
c Daily survival rate.
d Includes species with <10 nests/year.

16 40 382 0.895 4.1 2-11
13 20 327 0.939 9.7 3-27
32 81 825 0.902 3.3 2-7

7 20 231 0.914 5.5 2-20
19 45 462 0.903 2.8 1-8
8 8 96 0.917 5.7 1-41

1989

Northern pintail 9 17 188 0.910 6.4 2-24
Mallard 10 16 261 0.939 0.3 3-32
Northern shoveler 25 29 557 0.948 17.1 9-33
American wigeon 8 12 216 0.945 16.1 6 46
Scaup 8 27 295 0.909 3.5 1-12

1990

Northern pintail 
Mallard
Northern shoveler 
American wigeon 
Scaup 
Canvasback

1991

Northern pintail 
Mallard
Northern shoveler 
Green-winged teal 
American wigeon 
Scaup

All Yearsd

Northern pintail 
Mallard
Northern shoveler 
Green-winged teal 
American wigeon 
Gadwall 
Scaup 
Canvasback

6 32 265 0.879 2.4 1-9
20 35 634 0.945 13.0 7-26
22 59 598 0.902 3.3 1-8
6 9 135 0.934 11.9 3-48

12 20 320 0.938 12.7 5-32
28 62 811 0.924 6.2 3-13

31 89 834 0.893 3.8 2-8
43 71 1223 0.942 11.6 7-19
79 169 1982 0.915 5.3 3-8
12 20 315 0.937 13.5 6-33
27 52 768 0.932 10.6 6-20

7 12 179 0.933 9.5 2-36
55 134 1569 0.915 4.4 3-8
16 9 191 0.953 21.3 8-59
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Table 23. Mayfield estimates3 of daily survival rate of duck nestsb located on 
mainland, island, and peninsula sites on Minto Flats, Alaska in 1989,1990 and 
1991.

No. No. exposure DSRC 95%CI
Location/Year hatched failed days

1989

Peninsula 0 16 81 0.801 71-89
Island 45 63 1169 0.946 93-96
Mainland 24 39 507 0.923 90-95
Total 69 118 1757 0.933 92-94

1990

Peninsula 1 5 35 0.857 74-96
Island 38 19 623 0.969 96-98
Mainland 60 201 1790 0.888 87-90
Total 99 225 2447 0.908 90-92

1991

Peninsula 1 0 26 1.000
91-93Island 86 213 2687 0.921

Mainland 15 21 276 0.924 89-96
Total 102 234 2988 0.922 91-93

All Years 270 577 7192 0.920 91-93

3 Johnson 1979.
b Includes nests in which species could not be determined. 
c Daily survival rate.
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Table 24. Species composition of most abundant ducks on Minto Flats, Alaska 
during the 1950’s and present, estimated from nest and aerial counts.

Percent

1950’s 1989-1991

Species nests aerial nests aerial

Northern pintail 11 12 12 17
Mallard 4 8 13 15
Northern shoveler 5 2 32 12
Green-winged teal 1 2 5 5
American wigeon 2 10 9 20
Scaup 74 52 23 23
Canvasback 3 2 3 7



Table 25. Relative abundance of duck nests located on Minto Flats, Alaska, and the relative abundance of pairs3 
and total ducks*3 counted during the Waterfowl Breeding Pair Surveys0 for Stratum 3, and for the Minto Flats sub
unit*1 in 1989, 1990 and 1991.

Speciese

1989 1990 1991

Nf
Minto 

P T
Stratum 
P T N

Minto 
P T

Stratum 
P T N

Minto 
P T

Stratum 
P T

Northern pintail 11 19 16 16 14 16 18 17 16 15 11 13 13 19 17
Mallard 14 17 12 14 10 10 14 13 16 14 16 14 12 18 15
Northern shoveler 32 9 6 12 10 36 19 15 12 10 28 9 8 9 8
Green-winged teal 5 4 3 5 4 4 6 4 5 4 5 6 5 5 4
American wigeon 10 20 16 13 12 8 20 21 14 14 9 19 17 13 11
Gadwall 3 0 0 0 0 1 0 0 0 0 2 0 0 0 0
Scaup9 24 21 35 25 33 18 18 20 24 28 27 29 36 25 35
Canvasback 1 8 9 4 5 5 4 9 4 6 2 10 9 3 3
Blue-winged teal 0 0 0 0 0 <1 0 0 0 0 <1 0 0 0 0
Redhead 0 0 0 0 0 <1 0 0 0 0 <1 0 0 0 0
Scoter*1 0 2 3 11 12 <1 1 1 9 9 0 <1 <1 7 8
Ruddy duck 0 <1 <1 <1 <1 0 0 0 0 0 0 0 0 0 0
Oldsquaw 0 0 0 <1 <1 0 0 0 <1 <1 0 0 0 <1 <1

3 Pairs and lone drakes.
b Groups, lone drakes, and pairs.
0 Conant and Dau 1989-1991. Cavity nesters not included.
d J. Hodges unpublished data for 3 segments flown over Minto Flats.
e Unidentified nests not included.
f N = %nests, P = %pairs, T = %total ducks
9 Pairs only. Includes ring-neck ducks.
h Only White-winged scoter nests were located.
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Table 26. Number of pairs3 and total ducksb counted during the Waterfowl Breeding Pair Surveys0 for Stratum 3 
and for the Minto Flats sub-unitd in 1989,1990 and 1991.

1989 1990 1991

Minto Stratum Minto Stratum Minto Stratum
Species Pe T P T P T P T P T P T

Northern pintail 37 87 134 327 45 108 131 327 27 59 188 431
Mallard 32 67 112 232 35 86 130 287 28 56 181 362
Northern shoveler 17 34 102 226 47 99 102 215 18 36 93 194
Green-winged teal 8 16 42 84 14 28 40 80 11 22 50 100
American wigeon 
ScaupT

38 89 107 265 49 133 118 292 38 76 130 275
41 196 203 769 43 129 195 589 58 161 248 857

Canvasback 16 51 31 107 9 58 29 133 20 40 32 64
Scoter 4 18 93 280 3 6 76 196 1 2 65 189
Ruddy duck 1 2 1 2 0 0 0 0 0 0 0 0
Oldsquaw 0 0 3 6 0 0 2 4 0 0 2 8

Total 194 560 828 2298 245 647 823 2123 201 452 989 2480

Percent of
Stratum 23 24 100 100 30 31 100 100 20 18 100 100

3 Pairs and lone drakes. 
b Groups, lone drakes and pairs.
c Conant and Dau 1989-1991. Cavity nesters not included. 
d J. Hodges unpublished data for 3 segments flown over Minto Flats. 
e P = #pairs, T = #total ducks. 
f Pairs only. Includes ring-neck ducks.
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