
ROLE OF WETLANDS AND ENDOGENOUS FACTORS IN INCUBATION 

BEHAVIOR OF NESTING SPECTACLED EIDERS ON THE 

YUKON-KUKSOKWIM DELTA, ALASKA.
r

By

William Todd O'Connell

RECOMMENDED:

APPROVED:

A^vjsory Committee Chair

fM cm nstd  C  ^T |
Department Head, Biology and Wildlife

rbi/OoWcJtiL
Dean, College of Science, Engineering, and Mathematics

Dean^f the Graduate School

/£  zLLifj.
Date



ROLE OF WETLANDS AND ENDOGENOUS FACTORS ON INCUBATION 

BEHAVIOR OF NESTING SPECTACLED EIDERS ON THE 

YUKON-KUSKOKWIM DELTA, ALASKA

A

THESIS

Presented to the Faculty 

of the University of Alaska Fairbanks

in Partial Fulfillment of the Requirements 

for the Degree of

MASTER OF SCIENCE

BIOSCIENCES LIBRASY-’JA F
By

William Todd O'Connell, B.S.

Fairbanks, Alaska 

December 2001

BK>SCIENCES LIBRARY 
UillVERSITY OF ALASKA FAIRBANKS

fcyoS’L'Z
(5l U

O ' * .

a 0 0



ABSTRACT

Patterns of nest attendance in ducks vary with endogenous and environmental 

factors. We examined variation in nest attendance of spectacled eiders on the Yukon- 

Kuskokwim Delta, Alaska, during 1997-1998. We also examined spatial and temporal 

variation in wetland characteristics and potential foods available to nesting spectacled 

eiders. Time spent foraging was greater when spectacled eiders traveled farther to feed, 

and nest attendance was lower when food was more abundant, suggesting that females 

made tradeoffs between foraging and energetic requirements of nesting in response to 

food abundance and wetland conditions. Wetlands were dynamic, and food abundance 

varied with pond depth and total dissolved solids. Spectacled eiders responded in 

complex ways to a suite of physiological and environmental variables, and employed an 

overall behavioral strategy that optimized foraging behavior in response to food 

abundance, while minimizing risk of depleting nutrient reserves sufficiently to force nest 

abandonment or increase the risk of female mortality.
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INTRODUCTION

Patterns of nest attendance in waterfowl have evolved to balance the rate of egg 

development and nest success against costs to parental fitness (Afton 1980, Afton and 

Paulus 1992). Females must balance their ability to store adequate endogenous reserves 

before nesting with the need to use exogenous food resources to meet energetic 

requirements of clutch formation, maintenance, and incubation of eggs (Afton 1980, 

Afton and Paulus 1992). Large-bodied waterfowl, such as geese ( spp., Branta 

spp.)and common eiders ( Somateriamolissima), are able to store large nutrient reserves 

prior to nesting, and subsequently are able to maintain high levels of nest attendance 

during nesting (Korschgen 1977, Afton 1980, Afton and Paulus 1992). However, 

smaller-bodied ducks must rely more heavily on exogenous food resources to meet 

energetic requirements during incubation (Gatti 1983, Ringleman et al. 1982, Afton and 

Ankney 1991, Afton and Paulus 1992, Gammonley 1995). Smaller-bodied ducks must 

spend time foraging, and consequently they maintain lower rates of nest attendance 

relative to large-bodied species (Afton 1980).

Female waterfowl exhibit within-species variation in nest attendance in response 

to body condition, environmental factors, and food availability (Hohman 1986, Afton and 

Paulus 1992, Zicus et al. 1995, MacCluskie and Sedinger 1999). Female waterfowl, such 

as black brant ( Branta bernicla), mallards ( Ana ), and common

goldeneyes ( Bucephala clangula), that store more nutrients before nesting than females

are heavier at the beginning of incubation, and subsequently are able to maintain higher



levels of nest attendance than smaller and lighter females (Afton 1980, Aldrich and 

Raveling 1983, Gatti 1983, Hohman 1986, Eichholz and Sedinger 1999).

Variation in ambient temperatures associated with nesting can influence energy 

balance and mass loss in ducks. Mallards, common goldeneyes, and wood ducks ( 

sponsa) spend less time on the nest with increasing ambient temperature (Caldwell and 

Cornwell 1975, Gatti 1983, Harvey et al. 1989, Mallory and Weatherhead 1993). 

Increased production of embryonic heat with increasing stage of incubation may also 

allow females to decrease nest attentiveness (Caldwell and Cornwell 1975, Afton 1979).

Variation in food abundance may be an important influence on nest attendance in 

waterfowl. Patterns of nest attendance in common goldeneyes, black brant, mallards, and 

cinnamon teal ( Anascyanoptera) vary in relation to food abundance and quality during 

incubation (Gatti 1983, Mallory and Weatherhead 1993, Gammonley 1995, Zicus et al. 

1995, Eichholz and Sedinger 1999). For example, reduced wetland availability during 

drought may limit access of female wood ducks to food resources, resulting in greater 

mass loss and time spent foraging throughout incubation (Harvey et al. 1989).

Females relying solely or partially on stored reserves face a tradeoff between 

investing energy, time, and nutrients in their eggs and incubation (Afton 1980, Gatti 

1983, Hohman 1986, Thompson and Raveling 1987, Mallory and Weatherhead 1993, 

Eichholz and Sedinger 1999). Individuals that invest large amounts of nutrients in eggs 

may subsequently have fewer reserves for maintenance during incubation, and thereby 

must allocate more time to foraging during incubation (Alisauskas and Ankney 1992). 

Small species, such as ruddy ducks ( Oxyurajamaicensis) and lesser scaup (
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affinis), devote a larger proportion of nutrient reserves to clutch formation, and therefore 

must forage more to meet the energetic requirements of incubation (Ankney and Afton 

1988, Afton and Ankney 1991, Tome 1991). Use of endogenous nutrients for clutch 

formation has likely influenced incubation behavior to allow females to balance nest 

attendance with foraging to meet energetic requirements of maintenance throughout 

incubation (Ankney and Afton 1988, Afton and Ankney 1991, Tome 1991, Afton and 

Paulus 1992).

Aquatic invertebrates and seeds are important foods for breeding waterfowl, and 

availability of nutrients may limit production of eggs or nest success in some ducks 

(Swanson and Meyer 1973, Swanson et al. 1974a, Krapu 1974a, 1974b, Alisauskas and 

Ankney 1992). Spectacled eiders ( Somateria ) face extreme environmental

conditions and unpredictable food sources on the breeding grounds (Dau 1974, Dau and 

Kistchinski 1977, Grand et al. 1997, Grand and Flint 1997), and are in a negative energy 

balance during nesting (Flint and Grand 1999).

The spatial and temporal dynamics of abundance and productivity of aquatic 

invertebrates and plants in the Prairie Pothole region of North America have been well 

documented (Swanson and Meyer 1977, Smith and Kadlec 1983, Cox and Kadlec 1995, 

Murkin and Ross 2000), but little is known of the potential foods available to spectacled 

eiders on the Yukon-Kuskokwim Delta, Alaska during the breeding season. Aquatic 

invertebrates, seed abundance, and availability of aquatic and terrestrial plants are 

dynamic in response to spatial and temporal variation in wetlands, including changes in 

water depth and total dissolved solids (Bengtson 1971, Bergman et al. 1977, Butler 1982,
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Hobbie 1984, Hammer et al. 1990, Wrubleski and Rosenberg 1990). Therefore, 

examining the spatial and temporal variation in abundance of aquatic invertebrates and 

seeds is essential to the understanding of the energy balance of spectacled eiders during 

incubation.

Spectacled eiders exhibit substantial variation in patterns of nest attendance 

among females, but the relationship between stage of incubation and rate of mass loss is 

unclear (Flint and Grand 1999). Several factors such as food abundance, female 

condition, prior investment in the clutch, and environmental conditions, may influence 

variation in nest attendance within and among years. In addition, few studies have 

examined variation in abundance and diversity of aquatic invertebrates at higher latitudes, 

and little is known of the potential foods available to nesting spectacled eiders during the 

breeding season. Therefore, this study was conducted to provide information on variation 

in nest attendance, and the spatial and temporal variation in potential food abundance and 

diversity, and the water regime of wetlands used by spectacled eiders during the breeding 

season.
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CHAPTER 1. SPATIAL AND TEMPORAL VARIATION OF WETLANDS AND 

POTENTIAL FOODS FOR BREEDING SPECTACLED EIDERS 

FISCHERI) ON THE YUKON-KUSKOKWIM DELTA, ALASKA.1 

INTRODUCTION

The spatial and temporal dynamics of the abundance and diversity of aquatic 

invertebrates and plants in the Prairie Pothole region of North America has been well 

documented (Swanson and Meyer 1977, Smith and Kadlec 1983, Cox and Kadlec 1995, 

Murkin and Ross 2000). The abundance and diversity of aquatic invertebrates are 

influenced by variation in water regime, within and among years (Bengtson 1971, 

Bergman et al. 1977, Butler 1982, Hobbie 1984, Hammer et al. 1990, Wrubleski and 

Rosenberg 1990). For example, populations of Chironomidae fluctuate with changes in 

the water level and substrates that directly alter their food sources, sites for egg laying, or 

indirectly alter cues for reproduction (Maher and Carpenter 1984, Neckles et al. 1990).

In addition, Timms and Hammer (1988) reported a 78% decline in water beetle species 

richness in response to an increase in total dissolved solids (TDS) from 3 g/L to >40 g/L. 

Several low-salinity lakes (3-5 g/L TDS) in Alberta and Saskatchewan support a variety 

of invertebrates (29-31 species), but species richness decreased rapidly with increasing 

TDS (>15 g/L TDS) and with salinity at high TDS (>100 g/L; Hammer et al. 1990). Low 

salinity wetlands supported invertebrate populations such as molluscs, leeches, and

1 Prepared for submission in Wetlands as O’Connell, W. T., J. S. Sedinger, and P. L. Flint. Spatial and 
temporal variation of wetlands and potential foods for breeding spectacled eiders (Somateria fischeri) on 
the Yukon-Kuskokwim Delta, Alaska.
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amphipods, whereas high salinity wetlands primarily supported populations of Artemia 

and Diptera (Murkin and Ross 2000).

Aquatic invertebrates of wetlands also vary in abundance temporally and spatially 

(Swanson et al. 1979, Armstrong and Nudds 1985, Swanson et al. 1985, Bataille and 

Baldassarre 1993, Cox and Kadlec 1995, Lindemann and Clark 1999). In Great Salt 

Lake marshes, Chironomidae, Corixidae, and Ephydridae populations peaked in 

abundance in early July, and declined as the summer progressed (Cox and Kadlec 1995). 

However, Ephemeroptera and Zygoptera populations increased throughout the summer 

(Cox and Kadlec 1995). Wrubleski and Rosenberg (1990) reported that most of 12 

dominant species of Chironomidae were bi- or multi-voltine, and there was considerable 

inter-annual variation in emergence patterns. Maher and Carpenter (1984) observed 

several peaks in Chironomidae emergence, noting that most species had 2-4 generations 

each year.

Seed abundance and availability of aquatic and terrestrial plants are dynamic in 

response to water regime, settling, germination, and feeding by animals (Smith and 

Kadlec 1983, Welling et al. 1988, Cox and Kadlec 1995). Murkin and Ross (2000) 

reported a decline in plant species diversity as water salinity increased, thereby affecting 

the abundance and diversity of seeds in wetlands. Cox and Kadlec (1995) reported an 

increase in seeds of homed pondweed ( Zannichelliapalustris), widgeongrass ( 

maritima), and sago pondweed ( Potamogetonpectinatus) throughout the summer in 

Great Salt Lake marshes. Marsh plants produce fewer seeds when soil surfaces are 

exposed to dry conditions, and germination rates are reduced because of high soil salinity
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following drawdown in wetlands (Smith and Kadlec 1983). Welling et al. (1988) 

reported that most recruitment of seedlings occurred in June when soil moisture was high 

and soil temperatures were moderate. Therefore, water conditions and the recruitment of 

seedlings can alter the abundance and diversity of seeds deposited in wetlands.

Few studies have examined the spatial and temporal variation within and between 

years in abundance and diversity of aquatic invertebrates at higher latitudes. Maciolek 

(1989) described 18 taxa of Insecta, Annelida, Crustacea, and Mollusca from inland 

tundra ponds on the Yukon-Kuskokwim Delta, Alaska. These sites support the highest 

abundance and diversity of species for subarctic Alaska and the Mackenzie River region 

in northern Canada, owing to overlapping of organisms with long life cycles, such as 

Chironomidae (Maciolek 1989). Butler (1982) studied two species of Chironomidae in 

coastal tundra ponds on the North Slope of Alaska and described emergence patterns and 

abundance of populations throughout the summer; both species had a 7-year life cycle, a 

potential adaptation to a short growing season and low growth rates. The simultaneous 

presence of several cohorts in ponds effectively stabilized population size and abundance, 

and may have been important to benthic feeding waterfowl. Similarly, Hobbie (1984) 

provided a general study of the ecology of wetlands on the North Slope, and identified 

Chironomidae and Oligochaetes as the dominant benthic taxa. Over 36 species of 

Chironomidae were identified, with developmental cycles ranging from 2 to 7 years 

(Hobbie 1984). Adult life stages of Chironomidae were large and identified as a food 

source for birds (Hobbie 1984). Bergman et al. (1977) sampled coastal wetlands on the 

North Slope of Alaska weekly during the summer, and described temporal and spatial
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variation in abundance and diversity of Chironomidae, Oligochaeta, and Copepoda.

Total volume (ml) of invertebrates per m2 increased during the season, peaking once in 

late June-early July, and again in late July (Bergman et al. 1977). Chironomidae were the 

most abundant invertebrates, followed by Oligochaeta and Cladocera (Bergman et al. 

1977). Other large invertebrates, such as Amphipoda, Gastropoda, and Pelecypoda, were 

found in ponds farther inland (Bergman et al. 1977).

Aquatic animals and seeds are primary foods for nesting ducks (Krapu and 

Reinecke 1992). Burris (1991) described aquatic invertebrates and seeds eaten by 

pintails {Anas acuta) nesting in Minto Flats in the interior of Alaska. Oligochaeta and 

Chironomidae (Diptera) were the most abundant invertebrates sampled from wetlands, 

and several families (Cyperaceae, Potamogetonaceae, and Ranunculaceae) of seeds 

identified from Minto Flats were abundant in coastal wetlands of the Yukon-Kuskokwim 

Delta (Burris 1991, Kincheloe and Stehn 1991, Babcock and Ely 1994, Grand et al.

1997). Seppi (1993) described aquatic animals and plants in wetlands used by waterfowl 

east of the Yukon-Kuskokwim Delta in the lower Innoko River area, Alaska. Several 

animal (Coleoptera, Diptera, Trichoptera, and Oligochaeta) and plant taxa ( ,

Hippuris, Potamogeton, and Ranunculus) occurred throughout the study area in different 

community and habitat types (Seppi 1993). There was a positive correlation between 

salinity and use of wetlands by waterfowl broods (Seppi 1993). However, salinities were 

low (<1 g/L TDS) and less than in prairie wetlands (Seppi 1993).

Bartonek and Murdy (1970) studied aquatic invertebrates and seeds used by lesser 

scaup {Aythya affinis) in Northwest Territories, Canada, and identified invertebrate taxa
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important to scaup throughout the summer (e.g. Chironomidae, Amphipoda, Gastropoda, 

and Pelecypoda). Similarly, Bartonek (1972) studied the diets of American wigeon 

(Mareca Americana), mallards ( Anasplatyrhynchos), and green-winged teal (

crecca) near Great Slave Lake, Northwest Territories, Canada. Several orders of aquatic 

invertebrates (including Conchostraca, Amphipoda, Ephemeroptera, Trichoptera, and 

Diptera) and genera of seeds (including Equisetum and Potamogeton) were utilized by 

adult and juvenile ducks (Bartonek 1972).

Availability of nutrients and energy may limit production of eggs or nest success 

in some ducks (Swanson and Meyer 1973, Swanson et al. 1974a, Krapu 1974a, 1974b, 

Alisauskas and Ankney 1992). Spectacled eiders (Somateria fischeri) nesting along 

coastal Alaska face harsh environmental conditions and unpredictable food sources on 

the breeding grounds before and during the breeding season (Dau 1974, Dau and 

Kistchinski 1977, Grand et al. 1997, Grand and Flint 1997), and are in a negative energy 

balance during nesting (Flint and Grand 1999). Therefore, the spatial and temporal 

variation in abundance and diversity of aquatic animals and seeds is important in the 

energy balance and nest success of spectacled eiders.

Little is known of the aquatic animals and seeds available to nesting spectacled 

eiders during the breeding season. We undertook this study to improve our 

understanding of spatial-temporal dynamics of the abundance and diversity of aquatic 

invertebrates and seeds of aquatic plants, which are available to breeding spectacled 

eiders and other waterfowl on the Yukon-Kuskokwim Delta, Alaska. Our objectives 

were to: (1) characterize variation in water depth and total dissolved solids of different



wetland vegetation communities and habitats used by nesting and brood-rearing 

spectacled eiders throughout the breeding season; (2) characterize the spatial-temporal 

variation in abundance of aquatic animals and seeds in different wetland vegetation 

communities and habitats used by nesting and brood-rearing spectacled eiders; (3) 

identify specific aquatic animals and seeds as potential foods to incubating and brood- 

rearing spectacled eiders.

STUDY AREA

This study was conducted on the lower Kashunuk River area (61°10'N,

165°30'W) of the Yukon-Kuskokwim Delta, Alaska (Figure 1-1). The region consisted 

of flat coastal tundra and mudflats containing numerous brackish lakes and ponds and 

tidal sloughs (Dau 1974, Kincheloe and Stehn 1991, Babcock and Ely 1994, Grand et al. 

1997). The study area encompassed several aquatic community and habitat types (Figure 

1-1) described in detail by Grand et al. (1997). In general, mudflats were sparsely 

vegetated and occurred along the banks of the Kashunuk River and along tidal sloughs 

and ponds (Kincheloe and Stehn 1991, Grand et al. 1997). Mudflat vegetation consisted 

mainly of Carex subspathacea and Puccinellia phryganoides (Kincheloe and Stehn 

1991). Sedge meadows encompassed more than half of duck nesting habitat and were 

dominated by Carex ramenskii, Elymus arenarius, P. phryganoides, Calamagrostis, Poa 

eminens, and Potentilla egedii (Kincheloe and Stehn 1991, Grand et al. 1997). Wetlands 

in sedge meadows were generally shallow (10-20 cm deep), brackish, and contained 

Hippurus tetraphylla, Myriophyllum spicatum, Potamogeton, and Sparganium 

hyperboreum (Grand et al. 1997). Graminoid meadows and dwarf shrub uplands
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characterize brood-rearing habitat, and were dominated by Carex, Calamagrostis , 

Dupontia fischeri, P. egedii, and Empetrum nigrum (Kincheloe and Stehn 1991, Grand et 

al. 1997). Wetlands in graminoid meadows were moderately deep (30-35 cm deep), 

slightly brackish to brackish and contained Hippurus vulgaris, Myriophyllum spicatum, 

Potamogeton, Cicuta mackenzieana, and Sparganium hyperboreum (Grand et al. 1997). 

Upland ponds were deeper (50-55 cm deep) and fresh (Grand et al. 1997). Spectacled 

eiders nested primarily in two community types (Grand, unpubl. data): intermediate- 

sedge meadow (hereafter ISM) and high-sedge meadow (hereafter HSM). Both the ISM 

and HSM community types were generally flat, occasionally flooded by tides, had 

shallow ponds, with Carex ramenskii, Calamagrostis deschampsoides, Elymus arenarius, 

and Poa eminens as dominant terrestrial vegetation (Grand et al. 1997). Carex canescens 

and Potentilla egedii further characterized the HSM community type (Grand et al. 1997). 

After hatch, some spectacled eider broods remained in nesting community types but most 

moved into dwarf shrub-graminoid meadows (hereafter DSG), or mixed high-graminoid 

meadow/dwarf shrub upland (hereafter HGM/DSU) areas. In the DSG community type, 

the area was rarely flooded, and ponds were deep (54.8 cm; Grand et al. 1997). 

Vegetation was characterized by Salix fuscenscens, Empetrum nigrum, Carex rariflora,

P. egedii, and C. ramenskii (Grand et al. 1997). The HGM/DSU community type was 

characterized by high uplands (2-4 m above meadows), was rarely flooded, had 

moderately deep ponds (34.3 cm), and was dominated by Carex lyngbyaei, P. edegii, C. 

rariflora, C. deschampsoides, and C. canescens (Grand et al. 1997).
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Our study concentrated on the two nesting and brood-rearing communities and we 

were interested in spatial and temporal variation in the abundance and diversity of aquatic 

animals and seeds at the habitat scale, so we combined ISM and HSM communities into 

“nesting habitat”, and DSG, and HGM/DSU communities into “brood-rearing habitat”. 

METHODS

Random Ponds -  To examine spatial-temporal variation in aquatic foods, we established 

ten random ponds (without replication) in four different communities (two ponds in 

HGM/DSU, four ponds in HSM, two ponds in ISM, and two ponds in DSG) at the 

beginning of the 1997 field season. We used a computer mapping program to generate 

random coordinates for ponds within each habitat type. We used handheld global 

positioning system (hereafter GPS) units to locate random coordinates throughout the 

study area. If random coordinates did not fall on a pond, we chose the closest body of 

water as the sampling plot. We marked random ponds with short (20-40 cm) pieces of 

wooden lathe.

Sampling was initiated each year after snow and ice had melted off the study area. 

Beginning on June 2 in 1997 and June 3 in 1998, we sampled each random pond once 

every three weeks throughout the breeding season, totaling four sampling periods each 

year.

Eider Foraging Locations — We observed nesting spectacled eiders from observation 

towers in both 1997 and 1998 to determine foraging locations within ponds and behavior 

during incubation recesses. Towers were between 2.4 m and 3.7 m high with canvas 

blinds on top. We placed towers in the HSM community in both 1997 and 1998, with
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one additional tower located in the ISM community in 1998. Towers were located in 

areas where three or more nests could be observed at once. We used aerial photographs 

of the study area to mark foraging locations used by females during incubation recesses.

A foraging location was defined as a location within a pond where a bird was observed 

actively foraging. We defined foraging locations as unique when separated by >5 m. We 

sampled foraging locations once after eggs had either hatched or failed to reduce 

disturbance to nesting females. We collected samples from foraging locations from 16 

June to 25 June 1997 and 30 June to 15 July 1998.

Sampling Procedure -  We collected three random subsamples at each random location 

using a modified PVC stovepipe sampler (154 mm in diameter). We set the sampler into 

the water and gently pushed it into the mud to a depth of approximately 2 cm, then slid a 

plastic board underneath the bottom of the sampler to isolate the contents. We measured 

water depth (± 1 cm) as the distance from the plastic board under the sampler to the water 

surface. Finally, we lifted the sampler and poured the contents through a 250 pm sieve to 

remove mud, but retain macroinvertebrates, vegetation, and other particulate material for 

later examination in the laboratory. We placed all samples in 12 or 53 ml Whirlpack 

bags with 70-80% EtOH. We also measured total dissolved solids (hereafter TDS) when 

we sampled each plot and/or foraging location. Although we recorded both TDS and 

salinity, we report TDS because the salinity meter we used had a much broader range for 

TDS than for salinity measurements, thus greater precision in measurements of TDS. We 

shipped all samples to Fairbanks, AK at the end of each field season.
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Laboratory Procedures -  In the laboratory, we kept all samples refrigerated at 4°C until 

sorting began. To reduce sorting time in the lab, we pooled subsamples from each 

sampling period for each random plot before further processing. We then placed the 

material in a cylindrical plankton splitter and mixed it by hand for 60 to 90 seconds. We 

removed half of the material from the splitter, and again mixed and split the other half in 

the same manner twice more, thereby producing aliquots that were 12.5% of the original 

sample. Because each foraging location represented a unique location sampled only 

once, we kept samples from foraging locations separate for sorting. We used the same 

mixing and splitting procedure as for random ponds, except that subsamples were split 

into aliquots that were 25% of the original subsample. We then washed individual 

samples through a 250 jam sieve to remove any remaining mud or small material.

To improve the detection of animal material, we stained all material with Rose 

Bengal/ethanol mixture (Mason and Yevich 1967). We sorted items using a dissecting 

scope with a fiber optic light source, and separated individual items into five general 

groups: seeds, seed pieces, Oligochaeta, Chironomidae larvae, and other (insects, fish, 

bivalves, etc.). We stored sorted items in 20 ml scintillation vials containing 70-75% 

EtOH. Taxonomic identifications of animals were made to the level of family whenever 

possible using Merritt and Cummins (1996) and Pennak (1989). Seeds were identified to 

genus and species whenever possible by staff at the University of Alaska Museum 

Herbarium.

We then placed all items in tared drying tins and placed them in a drying oven at 

60°C. To determine the necessary duration for items to be dried to a constant mass, we
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dried a subset of sorted items for 24 h and weighed them to the nearest 0.0001 g. These 

samples were then dried for another 24 h and re-weighed. Samples lost no additional 

mass during the second 24 h, and all subsequent samples were dried for 24 h.

Data Analyses -  Mass of all potential food was adjusted to g/m2 for all analyses. All 

sampling dates were converted to Julian dates. We used all samples collected in both 

nesting and brood-rearing habitats each year to calculate frequencies of occurrence for 

potential foods. To reduce the influence on overall proportion of total food abundance of 

samples with large and rare foods, we calculated aggregate percent weights for the ten 

most abundant potential foods (Swanson et al. 1974b).

To test for variation in mass of animal and plant foods among nesting areas (tower 

observation locations), we used a general linear model (PROC GLM; SAS Institute Inc.

1999) with year, tower location, food type (animal or plant) and Julian date as main 

effects and included all interactions. We controlled for the influence of pond water 

characteristics on food abundance by using water depth and TDS as covariates in the 

model.

To examine the relationship between nest initiation and food availability, we 

included food data from all foraging locations of individually identified female 

spectacled eiders observed from towers, regardless of nest success. We determined peak 

initiation for all nests monitored each year, and calculated days from peak initiation as a 

within-year time variable. To control for annual differences in timing of sampling, we 

used days between initiation and sampling as a covariate in the model. An initial plot of 

the data suggested a non-linear relationship between relative initiation date and mass of
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available food, so we included both original and squared terms in our model. We used a 

general linear model (PROC GLM; SAS Institute Inc. 1999) with year, days from 

initiation, and (days from initiation)2 as variables.

We used repeated measures mixed model analyses (Littell et al. 1996, PROC 

MIXED; SAS Institute Inc. 1999) to examine spatial and temporal variation in food 

abundance (animal, plant, and overall) and pond characteristics (water depth and TDS), 

using individual random ponds within years as the repeated measure. We included year, 

random ponds, sampling period, and community type as main effects in all models and 

included all interactions. To examine broad-scale spatial and temporal variation of food 

abundance and water characteristics in relation to nesting and brood-rearing habitat, we 

also included a nest/brood habitat variable as a main effect in all analyses. In all analyses 

of food abundance, we controlled for the influence of pond characteristics by including 

pond depth and TDS as covariates. We used the Satterthwaite approximation for all 

denominator degrees of freedom to account for unequal variances (Satterthwaite 1946).

We calculated the annual mean proportions of the five most abundant food item 

types in both nesting and brood-rearing habitats. We tested for variation in each of the 

mean proportions using a general linear model (PROC GLM; SAS Institute Inc. 1999) 

with year, sampling period, community type, and the nesting/brood-rearing habitat 

variable as main effects and included all interactions. Data were arcsine transformed to 

stabilize variances associated with proportions.
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RESULTS

Physical Characteristics

In 1997, a storm surge on 18-19 May completely flooded nesting habitat and 

partially covered brood-rearing habitat with seawater from the Bering Sea. Further, 1997 

was a relatively dry summer with only 33 mm (± 0.15) of precipitation from 13 May 

through 24 July. Subsequently, five random ponds in the ISM and HSM communities 

were completely dry midway through the field season, and were not sampled during the 

last sampling period. Because of potential confounding between date and location, only 

data from random ponds sampled during the first and second sampling periods were 

included in analyses. Two samples were also accidentally destroyed during the 

laboratory process. In 1998 rainfall was higher (116 mm ± 0.33 from 16 May 16 through 

31 July) than in 1997, and all random ponds were sampled four times throughout the field 

season, totaling 48 samples. There were 100 eider foraging locations identified during 

the study: 43 in 1997 and 57 in 1998. Three locations were not sampled in 1997 and 5 

more were not usable after processing in the laboratory, resulting in a total of 92 benthic 

samples from foraging locations for both years.

Water depth of random ponds varied between years, among sampling periods, and 

among nesting and brood-rearing habitats (Table 1-1). Water depth generally decreased 

throughout the sampling period in both years of the study (Figure 1-2). Water depths of 

eider foraging locations (20.8 ± 1.0 cm in 1997, 21.4 ± 0.6 cm in 1998) were slightly 

greater than water depths of random ponds in nesting habitats in both years (Figure 1-2).
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There was a significant increase in TDS with sampling period in every 

community type in both years, except in HGM/DSU during the last sampling period in

1997 (Table 1-1, Figure 1-3). TDS varied among community types in both years, except 

between HSM and ISM in 1998 (Table 1-1, Figure 1-3). TDS was higher in 1997 than in

1998 and was higher in nesting habitat in both years (Table 1-1, Figure 1-3, Figure 1-4). 

There was a significant interaction between sampling period and nesting/brood-rearing 

habitat; TDS increased at a greater rate in nesting habitat than in brood-rearing habitat in 

both years. TDS increased at a greater rate in 1997 than in 1998 (Table 1-1). When we 

removed community type from the model to examine broad-scale spatial and temporal 

variation, TDS was also negatively related to water depth (df=T F=31.2 P<0.0001; Figure 

1-4). TDS was greater in 1997 in both deep and shallow ponds (Figure 1-4).

Patterns in Overall Food

Random Ponds -  Total food abundance of random ponds varied spatially and temporally 

(Figure 1-5). Total food abundance was greater in 1998 (31.6 ± 4.6 g) than in 1997 (23.8 

± 3.8 g, Table 1-2). In general, food abundance decreased with sampling period, but 

increased in the HGM/DSU community in 1998 (Figure 1-5). Food abundance in the 

HSM community increased throughout the summer in 1997, but decreased with each 

sampling period in 1998 (Figure 1-5). Food abundance was greater in brood-rearing 

habitat (31.2 ± 5.6 g in 1997, 49.3 ± 6.8 g in 1998) than nesting habitat (16.4 ± 9.3 g in 

1997, 14.0 ± 4.7 g in 1998) in both years (Table 1-2, Figure 1-5, Figure 1-6). Food 

abundance declined faster in brood-rearing habitat with sampling period in 1998 than in 

1997 (Table 1-2, Figure 1-6). Food abundance was similar between foraging locations
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and random ponds located in the same community types (Figure 1-5). When we removed 

community type from the model, food abundance decreased significantly in relation to 

water depth (Table 1-3, Figure 1-6). Food abundance was lowest in nesting habitat in 

1997 and greatest in brood-rearing habitat in 1998 (Table 1-3, Figure 1-6). Food 

abundance increased with water depth in both nesting and brood-rearing habitat each 

year, although food abundance was highest in nesting habitat during the last sampling 

period in 1997 (Figure 1-6). Although not significant, food abundance generally declined 

with increasing TDS in brood-rearing habitat in both years of the study and in nesting 

habitat in 1998 (Figure 1-7).

Foraging Locations -  One sample contained a large portion of heavy bivalve shells 

(sample weight=34.51 g/m2) and was removed from the analysis of seasonal variation in 

food abundance. Abundance of food varied in relation to relative initiation date of 

spectacled eider nests (Figure 1-8). With year in the model, a quadratic term was 

marginally significant (F=3.9, df=l, P=0.0525) in explaining variation in overall food 

abundance in relation to initiation date. In general, eiders nesting 2-6 days after peak 

initiation had the greatest abundance of food available at hatch. Total food abundance 

varied in relation to tower location within year, but not between years (Table 1-4). Total 

food abundance increased with increasing water depth and decreasing TDS (Table 1-4). 

Components o f Food

Animal and Seed Foods -  Seeds and seed pieces comprised the largest proportion of total 

numbers of food items available to nesting spectacled eiders in both years of the study 

and weighed more than animal foods in all nesting areas in both years (Table 1-5). Mass
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of seeds and seed pieces was greater than mass of animal foods in one of two nesting 

areas in 1997 and two of three in 1998 (Table 1-5). Overall, total food was more 

abundant in 1997 in 1998 (Table 1-5). Mass of animals and seeds differed significantly 

among tower locations within and between years (Table 1-4), and decreased with 

increasing water depth and TDS (Table 1-4).

In random ponds, animal food abundance varied with water depth, but not year, 

community type, habitat, or sampling period (Table 1-6, Figure 1-9). Although not 

significant, brood-rearing habitats generally had a greater mass of animal foods than 

nesting habitats. In contrast, mass of seeds varied significantly between years and 

habitats, but was not significantly related to community types, TDS, or depth (Table 1-6, 

Figure 1-10). There was a significant interaction between community type and sampling 

period; seed abundance generally remained the same or increased with sampling period in 

nesting community types, but decreased with sampling period in brood-rearing 

community types (Table 1-6, Figure 1-10). There was a significant interaction between 

sampling period and year; seed abundance did not vary among sampling periods in 1997, 

but decreased with sampling period in 1998 (Table 1-6, Figure 1-10). There was a 

significant interaction between habitat and year; seed abundance was higher in brood- 

rearing habitats in both years and higher overall in 1998 (Table 1-6, Figure 1-10).

The proportion of animal foods in samples from random ponds generally 

decreased with sampling period in both years, but increased in nesting habitat in 1998 

(Table 1-7, Figure 1-11). Proportions of animal foods were greater in nesting habitat in 

both years (Table 1-7, Figure 1-11). There was a significant sampling period by habitat
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interaction; proportions of animal foods decreased in brood-rearing habitat with sampling 

period, but increased in nesting habitat in 1998 (Table 1-7, Figure 1-11). As TDS 

increased with sampling period the proportion of animal foods generally decreased 

(Table 1-7, Figure 1-3, Figure 1-11). In addition, the proportion of seeds varied with 

TDS and year (df= F=5.8 P=0.0231); TDS and the proportion of seeds were greater in 

1997 than in 1998 (Figure 1-11).

Individual Foods -  We identified 24 insect families representing the following seven 

orders: Coleoptera, Collembola, Diptera, Hemiptera, Hymenoptera, Orthoptera, and 

Trichoptera (Table A-l). Six orders and nineteen families of insects were previously 

undescribed from the Yukon Delta, Alaska (Table A-l). Several taxa only occurred as 

adult life stages, likely representing individuals that either died on the water surface and 

sank to the benthos or were blown into the water after dying on land (e.g., Flymenoptera). 

We identified six seed types to genus, while three others were not identifiable and were 

classified as unknown (Table A-l).

Chironomidae larvae and seed pieces were the most frequent items in all samples 

(>89% in both years, Table A-2). Oligochaetes, Hippuris seeds, and Potamogeton seeds 

occurred in >85% of all samples. Trichoptera cases occurred in 55% of samples in 1997 

and 89% of samples in 1998 (Table A-2). Seed pieces were the largest portion of overall 

samples in both 1997 and 1998 (Table A-3). Chironomidae larvae represented 7.9% and 

10.6% of overall aggregate percent weight of foods in 1997 and 1998, respectively. 

Hippuris and Potamogeton seeds also were greater than 5% of the overall aggregate 

weight of foods in both years (Table A-3).
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The proportions of the five most abundant foods generally did not vary by 

community type, although the proportion of Chironomidae (0.236 ± 0.078 in nesting 

habitat, 0.073 ± .074 in brood rearing habitat) and Potamogeton seeds (0.202 ± 0.070 

nesting, 0.153 ± 0.069 brood-rearing) was higher in nesting habitat (Table 1-8).

However, the proportion of samples composed of seed pieces was higher in brood-rearing 

habitat (0.171 ± 0.067 nesting, 0.380 ± 0.068 brood-rearing; Table 1-8). Proportions of 

Potamogeton (0.226 ± 0.074 in 1997, 0.129 ± 0.065 in 1998) and Hippuris seeds (0.178 ± 

0.055 in 1997, 0.108 ± 0.049 in 1998) were higher in 1997 than in 1998, while seed 

pieces (0.235 ± 0.071 in 1997, 0.316 ± 0.064 in 1998) had the opposite pattern (Table 1- 

8). The proportion of Chironomidae increased with sampling period in both years, but 

that of Potamogeton seeds decreased with sampling period (Table 1-8). The proportion

of Potamogeton seeds and Trichoptera cases decreased with increasing TDS (Table 1-8). 

For Chironomidae, there was a significant interaction between sampling period and 

habitat; the proportion of samples consisting of Chironomidae in nesting habitat generally 

increased across sample period, but decreased across sample period in brood-rearing 

habitat (Table 1-8). The proportion of Potamogeton seeds varied between habitat types 

in 1997, but was higher in nesting habitat in 1998 (Table 1-8).

Chironomidae were the most abundant of the aquatic invertebrates we sampled, so 

we performed separate analyses to examine spatial and temporal variation of 

Chironomidae. Mass of Chironomidae was greater in 1998 than in 1997 (F=13.7, df=43 

P=0.0006, Figure 1-12). Mass of Chironomidae was greater in brood-rearing habitat 

during the first sampling period in 1997 and during the first and second sampling periods



in 1998 (F=3.2, df=21, P=0.0865, Figure 1-12). There was a significant effect of 

sampling period on mass of Chironomidae (df=66 F=3.0 P=0.0354 Figure 1-12) and there 

was a significant interaction between sampling period and year; variation in mass of 

Chironomidae across sampling periods was greater in 1998 (Figure 1-12).

DISCUSSION

Wetland Habitat -  Weather influenced the water regime of the wetlands we studied.

Early in the season, wetlands throughout the study area are normally inundated with 

freshwater from melting snow and ice and are low in salinity (Dau 1974, Grand et al. 

1997). Initial TDS of HSM and ISM community types was high in 1997 following a 

storm surge in mid-May that inundated all of nesting habitat and part of brood rearing 

habitat (Figure 1-7). Low rainfall in 1997 (33.0 ± 0.2 mm), combined with evaporation 

throughout the season, compounded the effects of high initial TDS. As the season 

progressed, TDS increased to high levels, and several ponds went completely dry. Spring 

breakup in 1998 was much later, with snow, ice, and melt-water covering much of 

nesting and brood-rearing habitat through late May. The presence of freshwater into late 

spring-early summer 1998 resulted in wetlands having low initial TDS. In addition, 

rainfall was much higher in 1998 (116.0 ± 0.3 mm), resulting in low TDS in ponds 

throughout the season. Water depths were generally greater and declined at a slower rate 

in 1998 due to higher rainfall and persistence of melt water on nesting and brood-rearing 

habitat throughout the spring.

Spatial variation in habitat types also influenced water characteristics in the 

wetlands we studied. Brood-rearing habitat is generally farther from the coast and higher
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in elevation than nesting habitat and is affected less by storm surges and tidal flooding 

than nesting habitat (Kincheloe and Stehn 1991, Babcock and Ely 1994, Grand et al. 

1997). Subsequently, TDS is generally lower and pond depth higher in brood-rearing 

habitat (Dau 1974, Grand et al. 1997).

Diversity o f Foods -  Generally, the overall diversity of invertebrate taxa in our study was 

similar to that in other areas of Alaska (Bergman et al. 1977, Butler 1982, Hobbie 1984, 

Maciolek 1989, Burris 1991) and the Great Slave Lake region of northwestern Canada 

(Bartonek and Murdy 1970, Bartonek 1972). We recorded 24 families and 7 orders of 

insects, the majority of which have also been identified from wetlands sampled in coastal 

and interior Alaska, Northwest Territories, Canada, and the prairie pothole region (Table 

A-4).

We did not find Gastropoda or Plecoptera in any of our samples. Plecoptera are 

mainly found in cool, clean-running waters (Stewart and Harper 1996), but have been 

identified in pond samples from the North Slope of Alaska (Bergman et al. 1977, Hobbie 

1984). Plecoptera are likely absent from ponds we sampled because of high levels of 

TDS and large fluctuations in water depth. However, Gastropoda are adapted to a wide 

variety of marine, freshwater, and terrestrial habitats (McCafferty 1981) and have been 

identified in ponds sampled on the North Slope (Bergman et al. 1977, Hobbie 1984) and 

elsewhere on the Yukon-Kuskokwim Delta (Maciolek 1989). Oligochaetes are also a 

diverse group of invertebrates (McCafferty 1981) and are well represented in sites 

throughout Alaska (Bergman et al. 1977, Hobbie 1984, Maciolek 1989, Burris 1991, 

Seppi 1993), including this study.
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Trichoptera were not abundant in our samples. Although we found many 

Trichoptera cases in samples from throughout the study area, we found only 5 larvae and 

pupae. Trichoptera are mainly found in cool, lotic waters (Wiggins 1996), and were 

likely limited in the wetland ponds we sampled by high TDS and large fluctuations in 

water regime. The number of Trichoptera cases in our samples likely results from a 

buildup of old cases from previous years, and is not a good indication of Trichoptera 

abundance.

Chironomidae are a diverse family of insects occupying a wide range of 

environments and have been identified from wetlands throughout North America (e. g. 

Krapu 1974a, Bergman et al. 1977, Swanson et al. 1979, Joyner 1980, Butler 1982, 

Hobbie 1984, Noyes and Jarvis 1985, Maciolek 1989, Woodin and Swanson 1989, Batzer 

et al. 1993, Cox and Kadlec 1995, Coffman and Ferrington 1996, Safran et al. 1997). 

Chironomidae appeared in most of the ponds we sampled, across a wide range of TDS 

and water depths. However, we observed different patterns in change of mass of 

Chironomidae between habitat types and years. Seasonal patterns in chironomid biomass 

may reflect emergence patterns unique to particular species (Butler 1982, Hobbie 1984). 

Implications for Waterfowl -  The importance of Chironomidae as a food source for 

waterfowl (e. g. Swanson and Meyer 1973, Krapu 1974a, 1974b, Swanson et al. 1974, 

Noyes and Jarvis 1985, Batzer et al. 1993, Gardarsson and Einarsson 1994, Cox and 

Kadlec 1995) may influence pond selection (Joyner 1980) and foraging sites (Safran et al. 

1997) of breeding ducks, and are likely an important invertebrate food item to spectacled 

eiders. Chironomidae are abundant throughout the study area, and are a protein-rich food
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source that spectacled eiders use to meet the demands of laying and incubation (Driver et 

al. 1974, Swanson and Meyer 1973, Krapu 1979, Noyes and Jarvis 1985, Gammonley 

1995a). Seeds also are important to breeding ducks, and provide a high-energy food 

source when invertebrates become less available (Swanson et al. 1985, Woodin and 

Swanson 1989, Afton and Hier 1991, Kenow and Rusch 1996). In our study, seeds were 

more abundant and did not vary as much as invertebrates during the season. On the 

Yukon Kuskokwim Delta, ducks often feed on wind-rowed seeds before nesting (P. L. 

Flint pers. comm.), and seeds are likely an important food source to spectacled eiders at 

the beginning of the breeding season when invertebrate availability is low due to snow 

and ice cover.

The abundance and diversity of Chironomidae, seeds, and other potential foods 

were affected by changes in the water regime throughout the season. Increasing levels of 

TDS and decreasing water depths were not only associated with reduced abundance and 

diversity of potential foods, but also may have physically restricted spectacled eiders 

from using ponds that were very shallow or went completely dry, particularly in the low 

precipitation summer of 1997. Depletion of food resources by the birds themselves may 

reduce the abundance, availability, and potential nutrition of foods used by nesting 

females and broods throughout the summer (Benoy 2000). Late nesting females and 

hatching broods may be forced to spend more time foraging for less abundant and 

available foods of lower nutritional quality.

The use of the ISM and HSM community types by nesting spectacled eiders, 

despite low food abundance and extreme fluctuations in the water regime, suggests that
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other factors influence nest site selection by females. Nesting habitat is generally 

available before brood rearing habitat in the spring (Grand et al. 1997), potentially 

forcing females to nest in areas with low food abundance or availability. After hatch, 

brood rearing habitat is accessible, and females switch to different habitats where food 

resources are more abundant and diverse, ponds are deeper and TDS is lower.

Patterns in Food Abundance -  In this study, deep ponds had greater food abundance 

during the season (Figure 1-2, Figure 1-5). In contrast, several studies have shown 

decreases in invertebrate abundance and diversity in response to increased water depth 

(Joyner 1980; Mittlebach 1981; Armstrong and Nudds 1985; Wrubleski and Rosenberg 

1990; Olson et al. 1995; Batzer et al. 1997). In Michigan, invertebrate biomass and size 

were greater in pond areas 0.5-1.5 m deep compared with areas 2-4 m deep (Mittlebach 

1981). Wrubleski and Rosenberg (1990) reported higher productivity of Chironomidae 

populations in shallow (approximately 20-30 cm deep) lentic wetlands. In contrast, 

patterns of invertebrate abundance vary in the prairie pothole region in relation to trends 

in water depths. Invertebrates are more abundant at shallow depths (30-40 cm), but 

decline at depths less than 20 cm (Armstrong and Nudds 1985, Batzer et al. 1997). 

However, the stabilization of water chemistry by groundwater flow after drought may 

reduce the effects of low water depths on invertebrate densities (Lillie and Evrard 1994).

On the Yukon-Kuskokwim Delta, ponds greater than 35 cm deep have low 

productivity, which likely results in low invertebrate abundance (Grand et al. 1997). 

Although pond depths were shallower in nesting habitat, the foods we sampled may 

represent a narrow range of organisms adapted to high TDS and shallow waters. Pond
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conditions in brood rearing habitat are more stable throughout the season, and organisms 

in brood rearing areas are more diverse and abundant.

High TDS likely contributed to low food abundance in 1997. The combination of 

saltwater input in early spring, low rainfall, and seasonal evaporation resulted in several 

ponds with TDS greater than that of seawater (approximately 35 g/L). Invertebrate 

populations generally decline in abundance and diversity at TDS levels exceeding 15 g/L 

(Timms and Hammer 1988; Hammer et al 1990; Cox and Kadlec 1995; Lindeman and 

Clark 1999; Murkin and Ross 2000). High TDS also likely reduced seed abundance in 

the wetlands we sampled. Germination of seeds of aquatic plants is reduced when waters 

become increasingly saline (Smith and Kadlec 1983). Reduced germination rates can 

lead to fewer seeds produced and deposited into ponds. Plants exposed to high TDS may 

also produce fewer seeds. Mayer and Low (1970) reported low seed production of 

widgeongrass ( Ruppiamaritima) at salinities >12 g/L.

Changes in food abundance in relation to increasing TDS were markedly different 

between brood rearing and nesting habitats (Figure 1-7). The steep decline in food 

abundance in brood rearing habitat in relation to slight increases in TDS suggests that 

animals and plants are narrowly adapted to low salinity environments and stable water 

conditions. However, other sources of variation likely influence the changes in food 

abundance we observed. Depletion of food sources in brood rearing habitat by birds 

themselves may have led to decreases in food abundance across sampling periods (Benoy

2000). Similarly, increasing levels of TDS in nesting habitat may have eventually 

restricted access of nesting females and broods to available food resources, reducing food
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abundance throughout the season. We were only able to sample a small number of ponds 

and measure a limited number of variables in this study, thus we were not able to identify 

specific factors influencing variation in food abundance between nesting and brood- 

rearing habitat.

Unlike other community types, in HSM food abundance and the proportion of 

seeds increased in 1997 throughout the season (Figure 1-5, Figure 1-11). Reduced use of 

the HSM community type in 1997 could have led to the observed increase in food 

abundance. Spectacled eiders foraged in areas where sampling depths were 

approximately 20-25 cm (Figure 1-5), which is similar to depth of foraging sites for 

dabbling ducks (Armstrong and Nudds 1985, Safran et al. 1997). Shallow depths may 

have restricted feeding by eiders. In 1997, water depths in HSM never exceeded 12-13 

cm, and were <5 cm by the end of the season (Figure 1-6). In 1998, pond depths were 

greater (Figure 1-5, Figure 1-6) in all community types, and food abundance decreased in 

all community types throughout the season. Further, use of HSM by spectacled eider 

broods may have influenced the trends in food abundance we observed. Although the 

majority of broods move to brood rearing habitat soon after hatch, some remain in 

nesting habitat during brood rearing. However, in 1997 only 27% of spectacled eider 

nests we observed hatched, resulting in few broods available to use wetlands in the HSM 

community type. High TDS could also have restricted use of ponds in the HSM 

community type by broods (Swanson et al. 1984, Mitcham and Wobeser 1988, Moorman 

et al. 1991, Grand et al. 1997).
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Grand et al. (1997) reported that brood rearing habitat had the greatest diversity of 

aquatic vegetation of ponds in the study area, which could influence the high proportion 

of seeds we observed in this habitat throughout the study. The greater abundance of 

seeds that we observed in brood rearing areas could also represent seasonal input of seeds 

into wetlands by vegetation throughout the area. The general increase in the proportion 

of seeds throughout the season also reflects the seasonal decrease in aquatic invertebrates. 

The lower proportion of seeds in nesting habitat (Figure 1-11) may be a response to harsh 

and unstable conditions of these wetlands. Although the wet-dry cycle has been 

identified as a vital component of maintaining highly productive wetlands (Hammer et al. 

1990, Neckles et al. 1990, Murkin and Caldwell 2000, Murkin and Ross 2000), high TDS 

(from marine inundation) and shallow water depths we observed in nesting habitat likely 

restrict the diversity and growth of plant communities (Mayer and Low 1970, Smith and 

Kadlec 1983).
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Figure 1-1. Community type map of study area on the lower Kashunuk River along the central 
coast of the Yukon-Kuskokwim Delta, Alaska (Adapted from Flint and Grand 1997).
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Figure 1-2. Mean depth of random ponds and eider foraging locations sampled during the 
field season on the Yukon-Kuskokwim Delta, Alaska 1997-1998. All data are least 
square means (± SE). HSM=high-sedge meadow, ISM=intermediate-sedge meadow, 
DSG=dwarf shrub-graminoid meadow, HGM/DSU=mixed high-graminoid meadow/dwarf 
shrub-upland.
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Figure 1-3. TDS of random ponds and eider foraging locations sampled throughout the summer 
on the Yukon-Kuskokwim Delta, Alaska 1997-1998. All data are least square means (± SE). 
HSM=high-sedge meadow, ISM=intermediate-sedge meadow, DSG=dwarf shrub-graminoid 
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Figure 1-4. TDS as a function of depth of random ponds in nesting and brood rearing habitat 
on the Yukon-kuskokwim Delta 1997-1998. Direction of arrows indicate change throughout 
the field season in relation to sampling dates of random ponds. All data are least square 
means (± SE).
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Figure 1-5. Variation in food abundance of four habitat types sampled during the breeding season, 
1997-1998. Single data points represent food abundance available at hatch to nesting females. 
Nesting females were observed from Julian dates 148 to 173 in 1997 and from 160 to 182 in 1998. 
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Figure 1-7. Variation in food abundance in relation to TDS of random ponds in nesting and 
brood rearing habitat on the Yukon-Kuskokwim Delta, Alaska 1997-1998. Direction of 
arrows indicates change throughout the field season in relation to sampling dates of 
random ponds. All data are least square means (± SE).
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Figure 1-10. Change in seed abundance in each community type across sampling periods, 
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brood rearing habitats, 1997-1998. All data are least square means (± SE).
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Table 1-1. Variation in pond depth and TDS of random ponds at the community type 

level in relation to year, sampling period, community type within habitat type, and habitat 

type. Pond depth was a covariate in the analysis of TDS, and all appropriate interactions 

were included. All analyses were performed using repeated measures, and dashes 

indicate terms in each model that were not significant and were subsequently removed.

Sources of Variation

Pond Depth TDS
df F P df F P

Nb Db Nb Db

YEAR3 1 3 100.08 <0.0001 1 37 76.53 <0.0001

SPER3 3 48 21.36 <0.0001 3 43 23.09 <0.0001

COM(HAB) 3 - - - 2 9 4.73 0.0407

HAB3 1 8 29.52 0.0006 1 9 93.13 <0.0001

DEPa - - - - - - -

SPER*COM(HAB) - - - - - - -

SPER* HAB - - - 3 44 14.01 <0.0001

SPER*YEAR - - - 3 44 3.88 0.0152

HAB* YEAR - - - 1 39 39.70 <0.0001
a YEAR=1997 or 1998; SPER=sampling period; COM(HAB)=community type within habitat type; 
HAB=nesting or brood rearing habitat; DEP=pond depth at sample site 
b N=numerator degrees of freedom; D=denominator degrees of freedom
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Table 1-2. Variation in food abundance in random ponds at the community type level in 

relation to year, sampling period, community type within habitat type, and habitat type. 

Pond depth and TDS were covariates in the model, and all appropriate interactions were 

included. All analyses were performed using repeated measures, and dashes indicate 

terms in the model that were not significant and were subsequently removed.

Food abundance

Sources of Variation -----^5---------- ^5----- F P
IN u

YEAR3 1 27 15.7 0.0005

SPER3 3 33 4.3 0.0121

COM(HAB) - - - -

HABa 1 7 16.5 0.0056

DEP3 - - - -

TDS3 - - - -

SPER*COM(HAB) 8 12 3.2 0.0349

SPER*HAB 3 32 10.1 <0.0001

SPER*YEAR 3 41 6.3 0.0013

HAB*YEAR 1 24 28.8 <0.0001
a YEAR=1997 or 1998; SPER=sampling period; COM(HAB)=community type within habitat type; 
HAB=nesting or brood rearing habitat; DEP=pond depth at sample site; TDS=total dissolved solids at 
sample site
b N=numerator degrees of freedom; D=denominator degrees of freedom
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Table 1-3. Variation in food abundance in random ponds at the habitat level in relation to 

year, sampling period, and habitat type. Pond depth and TDS were covariates in the 

model, and all appropriate interactions were included. All analyses were performed using 

repeated measures, and dashes indicate terms in the model that were not significant and 

were subsequently removed.

Total Food Mass

v t \ / n o f  1 df Psources 01 v anatiou Nb Db r

YEARa - - - -

SPERa - - - -

DEPa I 58 16.6 0.0001

TDSa - - - -

HABa I 58 8.5 0.0047

YEAR*TDS - - - -

YEAR*SPER - - - -

TDS*SPER - - - -

HAB*TDS - - - -
a YEAR=1997 or 1998; SPER=sampling period; DEP=pond depth at sample site; TDS=total dissolved 
solids at sample site; HAB=nesting or brood rearing habitat 
b N=numerator degrees of freedom; D=denominator degrees of freedom



Table 1-4. Overall abundance (± SE) of available food from foraging locations used by nesting spectacled eiders on the Yukon 

Kuskokwim Delta, Alaska, 1997-1998. Data are least square means of food mass (g/m2) available to eiders at foraging 

locations used on incubation breaks. Nest area refers to tower locations throughout the study site. Towers were not placed in 

the same area in successive years.

1997 1998

Food Type Nest Area 1 Nest Area 2 Mean Nest Area 3 Nest Area 4 Nest Area 5 Mean

Animal 8.39 ±0.98 11.93 ± 1.57 10.17 ±0.95 10.12 ±0.90 6.33 ± 1.42 6.03 ± 1.26 7.49 ±0.69

Seed 22.08 ± 2.42 17.18 ± 3.88 19.63 ±2.35 22.97 ±2.22 11.40 ±3.50 10.84 ±3.12 15.07 ± 1.70

ON



Table 1-5. ANOVA table for effects of tower location within year and year on mass of invertebrates and seeds available to 

nesting spectacled eiders on the Yukon-Kuskokwim Delta, Alaska. All foods were sampled from observed foraging locations 

in nesting habitats, 1997-1998.

Invertebrate Seeds

Sources of Variation df SS MS F P df SS MS F P

LOC(YR)a 3 289.3 96.4 4.5 0.0055 3 1943.3 647.8 5.0 0.0031

YRa 1 99.0 99.0 4.6 0.0340 1 288.8 288.8 2.2 0.1398

DEPa 1 268.5 268.5 12.6 0.0006 1 1035.5 1035.5 8.0 0.0059

TDSa 1 83.9 83.9 3.9 0.0506 1 696.0 696.0 5.4 0.0231

ERROR 84 1791.6 21.3 84 10916.4 130.0

4^



Table 1-5 (Continued). ANOVA table for effects of tower location within year and year on mass of invertebrates and seeds 

available to nesting spectacled eiders on the Yukon-Kuskokwim Delta, Alaska. All foods were sampled from observed 

foraging locations in nesting habitats, 1997-1998.

Sources of Variation df SS

Total Food 

MS F P

LOC(YR)a 3 3208.1 1069.4 5.3 0.0023

YRa 1 726.1 726.1 3.6 0.0626

DEPa 1 2358.5 2358.5 11.6 0.0010

TDSa 1 1263.1 1263.1 6.2 0.0148

ERROR 84 17124.9 203.9
a LOC(YR)=observation tower location within year; YR=1997 or 1998; DEP=pond depth 
at sample site; TDS=total dissolved solids at sample site
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Table 1-6. Variation in mass of invertebrates and seeds in random ponds at the 

community type level in relation to year, sampling period, community type within habitat 

type, and habitat type. Pond depth and TDS were covariates in the model, and all 

appropriate interactions were included. All analyses were performed using repeated 

measures, and dashes indicate terms in the model that were not significant and were 

subsequently removed.

Sources of Variation

Invertebrate Seed
df r? p df F PNb Db r r Nb Db

YEAR3 - - 1 27 8.4 0.0074

SPER3 - - - - - -

COM(HAB) 3 - - - - - -

HAB3 - - 1 7 16.9 0.0049

DEPa 1 24 28.44 <0.0001 - - - -

TDS3 - - - - - -

SPER*COM(HAB) - - 8 13 3.3 0.0264

SPER*HAB - - 3 30 6.1 0.0022

SPER* YEAR - - 3 38 7.0 0.0007

HAB* YEAR - - 1 23 22.7 <0.0001

SPER*TDS - - - - - -

HAB*TDS - - - - - -
a YEAR=1997 or 1998; SPER=sampling period; COM(HAB)=community type within habitat type; 
HAB=nesting or brood rearing habitat; DEP=pond depth at sample site; TDS=total dissolved solids at 
sample site
b N=numerator degrees of freedom; D=denominator degrees of freedom
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Table 1-7. Variation in the proportion of invertebrates and seeds in random ponds at the 

community type level in relation to year, sampling period, community type within habitat 

type, and habitat type. Pond depth and TDS were covariates in the model, and all 

appropriate interactions were included. All analyses were performed using repeated 

measures, and dashes indicate terms in the model that were not significant and were 

subsequently removed. Because the analyses were performed on proportions, we present 

only the results for animal items.

V /"'V T \ / O of 1 df
Proportion of Invertebrates

T7 Psources 01 v ariation Nb Db r

YEAR3 - - - -

SPER3 3 43 3.5 0.0236

COM(HAB) 3 2 14 24.2 <0.0001

HAB3 l 19 40.2 <0.0001

DEP3 - - - -

TDS3 - - - -

SPER*COM(HAB) - - - -

SPER*HAB 3 39 5.2 0.0042

SPER*YEAR - - - -

El AB* YEAR - - - -

SPER*TDS 4 43 2.6 0.0498
a YEAR=1997 or 1998; SPER=sampling period; COM(ElAB)=coinmunity type; HAB=nesting or brood 
rearing habitat; DEP=pond depth at sample site; TDS=total dissolved solids at sample site 
b N=numerator degrees of freedom; D=denominator degrees of freedom
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Table 1-8. Variation in the proportion of the five most abundant foods in random ponds 

at the community level in relation to year, sampling period, community type within 

habitat type, and habitat type. Pond depth and TDS were covariates in the model, and all 

appropriate interactions were included. All analyses were performed using repeated 

measures, and dashes indicate terms in the model that were not significant and were 
subsequently removed.

Chironomidae Potamogeton Seeds Hippuris Seeds
Sources of df df df
Variation__________ Nb Db_________ ^ Nb Db ^_____ ^ * ! M b Db ^ ^

YEAR3 . . .  . i 30 io.3 0.0043 1 19 3.8 0.0649

SPERa 3 58 6.5 0.0007 3 44 2.8 0.0514 . . .

COM(HAB)a . . .  . . . .  . . . . .

HABa 1 5 11.8 0.0164 1 22 8.4 0.0085 . . .

DEP ....................................................

TDS . . .  . 1 41 8.5 0.0056 . . .

SPER*COM(HAB) . . .  . . . .  . . . .

SPER*HAB 3 58 6.8 0.0005 - - - . . .

SPER*YEAR . . .  . . . .

HAB*YEAR . . .  . 1 23 5.9 0.0236 - - -
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Table 1-8 (Continued). Variation in the proportion of the five most abundant food item 

types at the community level in relation to year, sampling period, community type within 

habitat type, and habitat type. Pond depth and TDS were covariates in the model, and all 

appropriate interactions were included. All analyses were performed using repeated 

measures, and dashes indicate terms in the model that were not significant and were 

subsequently removed.

Sources of Variation

Seed Pieces Trichoptera Cases
df 17 P df F PNb Db r

N6 Db F
YEAR3 1 24 10.9 0.0081 - -

SPERa - - - - - -

COM(HAB) 3 - - - - - -

HABa 1 8 11.0 0.0107 - -

DEP - - - - - -

TDS - - - - 1 20 7.5 0.0128

SPER*COM(HAB) - - - - - -

SPER*HAB - - - - - -

SPER*YEAR - - - - - -

HAB*YEAR - - - - - -
a YEAR=1997 or 1998; SPER=sampling period; COM(HAB)=community type within habitat type; 
HAB=nesting or brood rearing habitat; DEP=pond depth at sample site;
TDS=total dissolved solids at sample site
b N=numerator degrees of freedom; D=denominator degrees of freedom



CHAPTER 2. ENVIRONMENTAL AND ENDOGENOUS INFLUENCES IN 

INCUBATION BEHAVIOR OF NESTING SPECTACLED EIDERS (SOMA TERIA 

FISCHERI) ON THE YUKON-KUSKOKWIM DELTA, ALASKA2 

INTRODUCTION

Nest attendance in waterfowl has evolved to balance rapid embryonic 

development in eggs and risk of predation against costs to future parental fitness (Afton 

1980, Afton and Paulus 1992). Females balance their ability to store nutrients before 

nesting with the need to use exogenous food resources to meet the demands of incubation 

(Afton 1980, Afton and Paulus 1992). Large-bodied waterfowl, such as geese (Anser 

spp., Branta spp.) and common eiders (Somateria molissima), are able to store large

nutrient reserves before nesting, and subsequently are able to maintain high levels of nest 

attendance during incubation (Korschgen 1977, Afton 1980, Afton and Paulus 1992). In 

contrast, smaller-bodied duck species must rely more heavily on environmental food 

resources during incubation to meet their energetic requirements during incubation (Gatti 

1983, Ringleman et al. 1982, Afton and Ankney 1991, Afton and Paulus 1992, 

Gammonley 1995b). Therefore, smaller-bodied species must spend time foraging and are 

less attentive to nests relative to large-bodied species (Afton 1980). Among Anatinae, 

nest attendance of northern shovelers ( Anasclypeata) varied between 72.8% and 84.6%, 

and females spent 221 min each day off the nest (Afton 1980, MacCluskie and Sedinger

2 Prepared for submission in Condor as O’Connell, W. T., J. S. Sedinger, and P. L. Flint. Environmental 
and endogenous influences in incubation behavior of nesting spectacled eiders (<Somateria fischeri) on the 
Yukon-Kuskokwim Delta, Alaska
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1999). Larger Anatinae, such as mallards {Anas ) are more attentive (89.2-

94.6%) and spend less time off the nest each day (78-156 min; Afton and Paulus 1992). 

Common eiders, the largest ducks studied to date, spent 96.3% of the time on the nest 

(Afton and Paulus 1992).

Within species, females may exhibit variation in nest attendance in relation to 

differences in body condition, climactic conditions, and food availability (Hohman 1986, 

Afton and Paulus 1992, Zicus et al. 1995, MacCluskie and Sedinger 1999). Females that 

are able to store more nutrients before nesting maintain higher levels of nest attendance 

during incubation (Afton 1980, Aldrich and Raveling 1983, Hohman 1986, Eichholz and 

Sedinger 1999). After controlling for body size, heavier black brant {Branta bernicla) 

females nesting in Alaska were more attentive than lighter females (Eichholz and 

Sedinger 1999). Gatti (1983) reported a 16% difference in mass loss between early and 

late-nesting mallards, which may have been related to variation in nest attendance during 

incubation. Although they did not have direct evidence, Zicus et al. (1995) suggested 

that nest attendance and body mass (reserves) of incubating common goldeneyes 

{Bucephala clangula) were positively related. Nest success of common pochards {Aythya 

ferina) and tufted ducks {Aythya fuligula) was higher for heavier individuals (Blums et al. 

1997). Gloutney and Clark (1991) reported that nest success was greater for heavier 

female mallards and northern shovelers, but there was no difference in nest success 

between heavy and light blue-winged teal {Anas discors).

Differences in ambient temperatures associated with nesting chronology may 

influence energy balance and mass loss in mallards, which could change nest attendance
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throughout incubation (Gatti 1983). Caldwell and Cornwell (1975) reported that mallards 

spent less time on the nest as ambient temperatures increased. Daily incubation constancy 

of common goldeneyes decreased with increasing ambient temperature (Mallory and 

Weatherhead 1993), and Harvey et al. (1989) suggested that incubating wood ducks ( 

sponsa) were more attentive with decreasing ambient temperatures. Northern shovelers 

nesting in Manitoba and interior Alaska spent more time on the nest with decreasing 

ambient temperatures and increasing rain (Afton 1980, MacCluskie and Sedinger 1999). 

However, Eichholz and Sedinger (1999) suggested that variation in nest attendance of 

brant was not associated with environmental conditions.

Zicus et al. (1995) hypothesized that variation in nest attendance of common 

goldeneyes was partially explained by variation in food availability, although they did not 

directly test this assumption. Brant maintained high incubation constancy at the 

beginning of incubation, but nest attendance decreased as high quality food became 

available (Eichholz and Sedinger 1999). In contrast, late nesting mallards potentially had 

access to better food and lost less mass during incubation, thereby reducing the need to 

decrease nest attentiveness to obtain energy during incubation (Gatti 1983). Reduced 

wetland availability during drought limited access of wood ducks to food resources, 

resulting in greater mass loss and time spent foraging throughout incubation (Harvey et 

al. 1989). Gammonley (1995b) suggested that variation in food availability on the 

breeding ground was an important factor affecting incubation of breeding cinnamon teal 

(Anas cyanoptera).
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Females relying on stored reserves face a tradeoff between investing nutrients in 

their eggs and incubation (Afton 1980, Gatti 1983, Hohman 1986, Thompson and 

Raveling 1987, Mallory and Weatherhead 1993, Eichholz and Sedinger 1999).

Individuals that invest large amounts of nutrients in eggs may have fewer reserves for 

maintenance during incubation, and subsequently must allocate time to acquiring 

nutrients during incubation (Alisauskas and Ankney 1992). Ruddy ducks ( 

jamaicensis) are relatively small, yet lay very large eggs proportional to their body size 

and must acquire most nutrients needed for egg production and incubation on the 

breeding ground (Tome 1991). Consequently, ruddy ducks maintain low nest 

attentiveness (83.1%) and spend most of incubation breaks foraging (Tome 1991). Afton 

and Ankney (1991) suggested that lesser scaup ( affinis) devote a large proportion

of endogenous reserves to clutch formation, and rely primarily on exogenous food for 

energetic needs throughout incubation. Therefore, lesser scaup maintained low 

incubation constancy (85.2%) and spent a greater portion of time off the nest (215 

min/day), presumably foraging for food (Afton and Paulus 1992). In southern Manitoba, 

lipid reserves declined during egg laying in northern shovelers (Ankney and Afton 1988). 

Northern shovelers maintained similar incubation constancy (84.6-89.7%) to lesser scaup, 

and spent a similar amount of time per day off the nest (148-221 min). Thus, use of 

endogenous nutrients by lesser scaup and northern shovelers for clutch formation has 

likely influenced incubation behavior to allow females to adjust nest attendance with 

energetic requirements of maintenance throughout incubation (Afton and Paulus 1992). 

Northern shovelers nesting in interior Alaska were able to meet the energetic
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requirements of egg production through utilization of exogenous foods and not lipid 

reserves (MacCluskie and Sedinger 1999). Females increased time spent off the nest as 

incubation progressed to meet energetic requirements (MacCluskie and Sedinger 1999).

Spectacled eiders (Somateria fischeri) are relatively large-bodied sea ducks 

(approximately 1450 g; Bellrose 1980) that nest on the Yukon Kuskokwim Delta and 

North Slope of Alaska, and in Siberia, Russia (Dau 1974, Dau and Kistchinski 1977). 

Flint and Grand (1999) examined incubation behavior of spectacled eiders in relation to 

stage of incubation, mass loss, and environmental variables. They found no relationship 

between attendance and stage of incubation or mass loss, although there was substantial 

variation among females in incubation constancy and mass loss. Flint and Grand (1999) 

suggested that several variables affected incubation dynamics of individual spectacled 

eiders.

We initiated this study to provide a more detailed understanding of incubation 

dynamics and mass loss of spectacled eiders on the Yukon-Kuskokwim Delta, Alaska. 

Specifically, we examined the relation of food abundance, condition of females prior to 

incubation, investment in the clutch, and environmental conditions to incubation behavior 

and mass loss of spectacled eiders. We hypothesized that nest attendance in female 

spectacled eiders varied in relation to clutch size, distance traveled, available food, year, 

pre-incubation mass, and clutch initiation date, as well as interactions among these 

variables (Figure 2-1).
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STUDY AREA

This study was conducted on the lower Kashunuk River area (61°10’N, 165° 

30’W) of the Yukon-Kuskokwim Delta, Alaska (Figure 2-2). The area was characterized 

by flat coastal tundra interspersed with mudflats, tidal sloughs, numerous brackish lakes 

and ponds, and little variation in elevation (Dau 1974, Kincheloe and Stehn 1991, 

Babcock and Ely 1994, Grand et al. 1997). Spectacled eiders nest primarily in sedge 

meadows dominated by Carex spp., described in detail by Grand et al. (1997). Complete 

descriptions of the study area are provided by Kincheloe and Stehn (1991), Babcock and 

Ely (1994), Grand et al. (1997), and O’Connell (2001).

METHODS

Nest Searching -  We searched for nests after egg laying was detected on the study area, 

beginning in mid-May and ending in late June (Flint and Grand 1996). For each nest, we 

initially recorded nest condition and egg measurements, and candled eggs to determine 

stage of development (Weller 1956). We recorded the GPS location and marked the 

location of each nest with a piece of wooden lathe placed approximately 5 m away and 

angled towards the nest bowl. We also marked the location of each nest on aerial photos 

of the study area. Flint and Grand (1996) provide a complete description of nest 

searching protocols.

Nest Attendance -  We monitored attendance of females at nests that were visible from 

observation towers using artificial eggs attached to temperature dataloggers (Flint and 

MacCluskie 1995, Flint and Grand 1999). We installed an artificial egg in each nest 

when the nest was first discovered or on a subsequent scheduled visit. We anchored each
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artificial egg to the bottom of each nest using a 20 cm-threaded rod screwed into the egg. 

We placed each artificial egg in the center of the nest bowl to maximize contact with the 

female and to reduce exposure to ambient temperatures (Flint and MacCluskie 1995).

We placed each datalogger in a small plastic bag attached to a 20-30 cm piece of wooden 

lathe 3-5m from the nest. We connected each datalogger to the artificial egg using a 

cable placed through the bottom of the nest and hidden with vegetation. In 1997, we set 

dataloggers to record nest temperature every 2 min 24 s. We downloaded and reset 

dataloggers at the nest site using a portable computer every 7 days until the nest hatched 

or failed. In 1998, due to problems with the portable computer, we set dataloggers to 

record nest temperature every 3 min 12 s; we removed the dataloggers from the nest after 

hatch or the nest failed and downloaded them with a computer at field camp.

Behavior Observations — We observed the behavior of female spectacled eiders during 

incubation from observation towers 2.4 m (1997) to 3.7 m (1998) high. In both years of 

the study, we set towers in locations where several (>3) nests could be observed from a 

single location. We opportunistically moved towers to different locations within years 

due to nest failure and to improve visibility of existing nests. We moved towers to 

different locations between years in response to changes in nest densities.

Because the majority of spectacled eider incubation breaks occur between 1000- 

2200 hrs Alaska Daylight Time (ADT, Flint and Grand 1999), we began behavioral 

observations between 0700-1000 hrs (ADT) and terminated observations between 2000- 

2400 hrs (ADT). We remained in the towers throughout an observation period to reduce 

disturbance to nesting birds. We observed all visible nests using Bausch and Lomb 60X
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spotting scopes. We assigned all behaviors when females were off their nests to one of 6 

categories: locomotion (walk, swim, fly, run, dive), maintenance (preen, bathe), feed 

(dabble, tip, drink), rest (rest, sit, stand), unknown (female hidden from view or out of 

sight during observation), and other (alert, aggression, chase). We scanned all visible 

nests every 1 -2 min until a female was observed getting off a nest or absent from a nest. 

We then recorded instantaneous behavior every 20 s until the female returned to the nest. 

We terminated an observation after a female was not visible for more than 3 min. If a 

female became visible before returning to the nest, we noted the new time, and again 

recorded behavior every 20 s until the female returned to the nest. We considered an 

observation as incomplete if a female was not visible until physically back on the nest.

We used aerial photographs of the study area to record foraging locations in ponds used 

by females during incubation breaks. We defined foraging locations as unique when 

separated by >5 m.

Food Abundance -  We estimated food abundance by sampling each unique foraging 

location for benthic food items. We also measured total dissolved solids (hereafter TDS) 

and recorded water depth at each foraging location (O’Connell 2001). To reduce 

disturbance to nesting birds, we sampled all foraging locations after nests hatched or 

failed. In the laboratory, we identified invertebrates to family and seeds to genus and 

species whenever possible. Benthic sampling and processing of foods in the laboratory 

are described in O’Connell (2001).

Female Mass Dynamics -  We trapped and weighed females twice during incubation; 

once at mid-incubation and again just before hatch. We trapped females using string-
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activated or remote control bow nets (Sayler 1962). To reduce the possibility of nest 

abandonment, we anesthetized females with methoxyflurane after handling and just 

before leaving the nest site (Rotella and Ratti 1990, Flint and Grand 1999).

Habitat Use -  We recorded GPS coordinates for all nest sites in the field and obtained 

GPS coordinates for 26 previously determined control points located throughout the 

study area. We then used ARCVIEW GIS to calculate GPS coordinates of all foraging 

locations based on the 26 known control points. For each incubation break, we calculated 

the distance traveled between the nest and each foraging location for each bird, and 

determined the linear distance moved from the nest to the farthest foraging location 

(hereafter maximum distance) for each bird during each incubation break.

Data Analyses -  Unknown behavior represented a larger proportion of behavior 

observations in 1997 (67 ± 3.0%) than 1998 (43 ± 3.0%), and influenced the proportion 

of other behaviors we observed. We removed unknown behavior from each observation 

and calculated the proportion of time spent in each behavior for the remainder of 

observation periods. We concentrate on feeding behavior in this paper. We arcsine 

transformed proportion time spent feeding to stabilize variances associated with 

proportions. We nested observation period within female in all analyses of feeding 

behavior. Because proportion time spent feeding was a binary variable (feed versus not 

feed), we used the square root of observation length (minus unknown behavior) as a least 

squares weight in our analyses to account for differences in precision associated with 

variation in length of behavior observations.
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To remove bias associated with incubation breaks caused by our disturbance, we 

removed nest records from the time a female was flushed from the nest until she returned 

to incubate. We did not include temperature records from periods after hatch or after a 

nest was predated. We transformed data to actual nest temperatures using procedures 

outlined by Flint and MacCluskie (1995). We calculated overall attendance, daily 

attendance, daily number of breaks, and length of breaks from recorded temperature 

patterns in the nest (P. Flint, pers. comm.). We determined the beginning of an 

incubation break as the point at which temperature declined by more than 1°C between 

two successive temperature records (Flint and Grand 1999). We defined overall 

attendance as the percentage of all records for a female for which she was on the nest and 

daily attendance as the percentage of records where a female was on the nest during a 24- 

h period (Flint and Grand 1999).

We estimated daily mass loss and pre-incubation mass of each incubating female 

using the slope and intercept of the regression line through weight measured at mid

incubation and just prior to hatch. To evaluate the effects of relative timing of nesting on 

nest attentiveness, we calculated relative initiation dates of nests we observed in relation 

to the median initiation date of all spectacled eider nests found on the study area.

We used general linear models (PROC GLM; SAS Institute 1999) to examine 

variation in nest attendance, mass loss, time spent feeding per day, and distance traveled 

during incubation breaks. We tested for variation in overall nest attendance using a 

general model with main effects of year, clutch size, relative initiation date, pre

incubation mass, available food, maximum distance moved during incubation breaks, and
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two-way interactions between year and maximum distance moved during incubation 

breaks, year and available food, year and pre-incubation mass, and year and relative 

initiation date. We also tested for daily variation in attendance using a general model 

with year, daily time spent feeding, daily maximum distance traveled during incubation 

breaks, female within year, stage of incubation, and Julian date as main effects. Daily 

time spent feeding and maximum distance traveled during incubation were nested within 

females.

We examined variation in mass loss using a general model with relative initiation 

date, pre-incubation mass, available food, time spent feeding per day, clutch size, and 

year as main effects, and included interactions between year and pre-incubation mass, 

year and time spent feeding per day, and year and available food.

We also examined variation in time spent feeding per day using a model with 

available food, maximum distance moved during incubation breaks, year, stage of 

incubation, relative initiation date, pre-incubation mass, clutch size, TDS of foraging 

sites, depth of foraging sites as main effects, and included two-way interactions between 

year and available food, year and maximum distance moved during incubation breaks, 

and year and pre-incubation mass.

We examined variation in maximum distance moved during incubation breaks 

with a general model containing year, depth of foraging locations, TDS of foraging 

locations, stage of incubation, and available food as main effects, and included 

interactions between year and depth of foraging locations, year and TDS of foraging 

locations, and year and available food.
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We selected the most parsimonious models for all analyses using the model 

selection process described by Burnham and Anderson (1998) and Anderson et al.

(2000). We generated all of our a priori models based on biologically meaningful 

relationships within the variables we measured and limitations imposed by the data (i.e., 

small sample size, missing observations, etc.). Our most general models included all 

relevant variables and interactions, and all other candidate models were derivations of the 

most general models. We calculated Akaike Information Criteria (AIC) scores for each 

competing model in each analysis using an estimated residual sum of squares (RSS) 

transformation for least squares (Burnham and Anderson 1998, Anderson et al. 2000).

We used a modified criterion (AICc) because our sample sizes were small relative to the 

number of parameters in each model (Burnham and Anderson 1998, Anderson et al. 

2000). We ranked each model by AAICc (Burnham and Anderson 1998, Anderson et al.

2000). We calculated a AAICc for each candidate model in the set of competing models 

by subtracting the lowest AICc among all models considered from the AICc of the 

candidate model of interest (Bumham and Anderson 1998, Anderson et al. 2000). We 

then calculated model weights (w[) for the three top-ranked models in each analysis, and 

used the highest weight (highest value on a scale of 0.0 to 1.0) as evidence that the model 

best described the relationships observed given the data set. The model weight represents 

the probability that a particular model within a candidate set of models best explains 

variation in the data. We calculated model weights using the relationship between the 

AAICc of the candidate model and the sum of all AAICcs for all models in the set of 

competing models (Bumham and Anderson 1998, Anderson et al. 2000). For all analyses
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we report the top-ranked model which best describes the data and include the most 

general model in the set of competing models. Adjusted terms are controlled for other 

variables contained in the model considered. All means are reported ± standard errors. 

RESULTS

Patterns o f Attendance -  Overall nest attendance was nearly the same in 1997 (93.3 ± 

2.4%) as in 1998 (92.8 ± 5.3%), but females averaged fewer incubation breaks per day in 

1997 (1.59 ± 0.08) than in 1998 (2.01 ± 0.08). In the best model, overall nest attendance 

varied by year, pre-incubation mass, available food, maximum distance moved during 

incubation breaks, and the interaction between year and maximum distance moved (Table 

2-1). The top-ranked model had a model weight of 0.581. Weights of models containing 

year, available food, and maximum distance traveled summed to - 1.0, and weights of 

models containing pre-incubation mass and the interaction between year and maximum 

distance traveled summed to - 0 .8, suggesting that these terms were important in 

describing variation in nest attendance. We found no support for effects of clutch size on 

nest attentiveness and only weak support for relative initiation date, based on low weights 

of models containing these terms (Table 2-1). Although the second ranked model had a 

relatively low model weight, the model included two additional interactions and had an 

AICc that differed from the top model by only 2.27, providing some support for 

interactions describing additional variation in nest attendance (Table 2-1). Adjusted nest 

attendance increased with increasing pre-incubation mass in 1997, but the opposite 

relationship existed in 1998 (Figure 2-3). Heavier birds were more attentive in 1997, but 

less attentive in 1998 (Figure 2-3). There was a negative relationship between adjusted
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nest attendance and food abundance in 1997, but no relationship was apparent in 1998 

(Figure 2-4). There was a positive relationship between adjusted nest attendance and 

maximum distance traveled during incubation breaks in 1997, but a negative relationship 

existed in 1998 (Figure 2-5).

Daily variation within females in nest attendance was best explained by a model 

containing daily time spent feeding, and daily maximum distance traveled, and had a 

model weight of 0.993 (Table 2-2). The second ranked model had a model weight of 

0.007, suggesting that time spent feeding and maximum distance traveled explained most 

of the variation in daily nest attendance. Although there is support that terms of the top- 

ranked model should be included to describe variation in daily nest attendance, the r2 of 

the top-ranked model is low, suggesting that the model poorly explains variation in daily 

nest attendance. Therefore, additional parameters not included in our model set may 

better explain variation in daily nest attendance. Adjusted daily nest attendance 

decreased with increasing daily time spent feeding in 1998, although no relationship was 

evident in 1997 (Figure 2-6). Adjusted daily nest attendance decreased with increasing 

daily maximum distance traveled in 1997, but no relationship was evident in 1998 

(Figure 2-7).

Mass Dynamics -  Overall, birds lost 14.16 g/day through the second half of incubation 

(Figure 2-8). Birds were 49.31 g heavier and lost slightly more mass per day in 1997 

(15.45 g/day) than in 1998 (12.98 g/day). In general, birds lost slightly more mass 

throughout incubation in 1997 (285.69 ± 16.34 g) than in 1998 (265.69 ± 16.34 g). 

Variation in mass loss throughout incubation was best explained by relative initiation
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date, time spent feeding per day, and clutch size (Table 2-3). The highest ranked model 

had a weight of 0.929, providing strong evidence that additional parameters in competing 

models did not explain much variation in mass loss. Furthermore, weights of models 

containing the terms in the top-ranked model summed to 1.0, indicating the importance of 

the terms in explaining variation in mass loss (Table 2-3).

Adjusted mass loss decreased with relative initiation date in 1997, but increased 

in 1998 (Figure 2-9). Adjusted mass loss declined with increasing clutch size in 1998, 

but the relationship was weak in 1997 (Figure 2-10). Mass loss decreased with time 

spent feeding per day in 1997, although this trend was influenced by a single data point 

and there was no apparent relationship in 1998 (Figure 2-11).

Feeding Behavior -  Food abundance of foraging locations was similar in 1998 (27.95 ± 

2.89 g/m2) and in 1997 (25.81 ± 3.15 g/m2). Females spent more time feeding per day in 

1997 (30.90 ± 6.49 min) than in 1998 (13.67 ± 5.32 min). Variation in time spent feeding 

per day was best explained by a model containing maximum distance traveled during 

incubation breaks, year, and the interaction between year and maximum distance 

traveled. This model had a weight of 0.876 (Table 2-4). Weights of models containing 

the terms in the top-ranked model summed to >0.90, providing further evidence that the 

top model best explained variation in time spent feeding per day. There was no evidence 

that relative initiation date, pre-incubation mass, clutch size, or TDS and depth of 

foraging locations explained any additional variation (Table 2-4). Time spent feeding per 

day decreased with increasing maximum distance traveled during incubation breaks in 

both years (Figure 2-12). The interaction between year and maximum distance traveled
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in relation to time spent feeding per day identified in the top-ranked model was not 

apparent (Table 2-4, Figure 2-12).

Distance Moved -  Birds moved slightly farther from nests during incubation breaks in 

1997 (239.82 ± 17.93 m) than in 1998 (220.43 ± 6.67 m). Variation in maximum 

distance moved during incubation breaks was best explained by a model containing year, 

depth and TDS of foraging locations, stage of incubation, the interaction between year 

and depth of foraging locations, and the interaction between year and TDS of foraging 

locations (Table 2-5). The top-ranked model had a weight of 0.893, providing strong 

evidence that models containing additional variables provided little additional 

explanatory power. Adjusted maximum distance traveled during incubation breaks 

increased with increasing depth of foraging locations in both years of the study, although 

the relationship was stronger in 1997 (Figure 2-13). Birds moved a greater maximum 

distance in relation to increasing TDS of foraging locations in 1998, but the opposite 

relationship was evident in 1997 (Figure 2-14). Adjusted maximum distance moved 

increased with increasing stage of incubation in both years (Figure 2-15).

DISCUSSION

Nest Attendance -  Spectacled eiders maintained a high level of nest attendance in both 

years of the study. However, our estimates of nest attendance were slightly greater than 

those reported by Flint and Grand (1999) for spectacled eiders nesting on the same study 

area. With the exception of common eiders and mallards, estimates of spectacled eider 

nest attentiveness are among the highest reported for Anatinae, but are comparable to 

canvasbacks ( Aythyavalisineria, 92.0%) and common mergansers ( ,
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91.7%), which are similar in mass to spectacled eiders (Bellrose 1980, Afton and Paulus 

1992). Flint and Grand (1999) reported that female spectacled eiders took slightly more 

breaks per day (2.4 ± 0.1) that were shorter in duration (37.1 ± 0.9 min) than in this study 

(1.6 breaks/day, 40.9 ± 1.5 min long 1997; 2.0 breaks/day, 42.0 ± 1.3 min long 1998).

The relationship between nest attendance and pre-incubation mass is not clear. In 

1997, heavier females were more attentive. The opposite relationship we observed in 

1998 was likely driven by two data points, although pre-incubation mass may have been 

a less important influence on attendance. In 1998, food abundance was greater 

(O’Connell 2001), and lighter females may have been able to meet energetic 

requirements and still maintain high levels of nest attendance. Zicus et al. (1995) 

reported that body condition of common goldeneyes at the onset of incubation was 

positively correlated with nest attendance for three females, although they did not test the 

relationship. Heavier female Canada geese ( Bcanadensis) and brant were more 

attentive than lighter females (Aldrich and Raveling 1983, Eichholz and Sedinger 1999).

In this study, the relationship between nest attendance and available food differed 

between years. The patterns we observed suggest a tradeoff between incubation and 

energy gained from foraging. In 1997, wetlands were shallower, higher in TDS, and had 

less available food than in 1998 (O’Connell 2001). Although overall attentiveness varied 

slightly between years, in 1997, when food abundance was low, female spectacled eiders 

may have benefited by being more attentive to the nest and reducing time spent foraging 

for scarce resources. In 1998, when food abundance was generally greater, females could 

maintain high levels of nest attendance without spending much time searching for food.
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Other studies suggest females are less attentive as available food decreases. Hohman 

(1986) reported reduced nest attendance of ring-necked ducks ) when

food availability decreased, but based the conclusion on the observation of a single 

female. MacCluskie and Sedinger (1999) reported that northern shovelers nesting in 

interior Alaska maintained lower nest attendance than birds nesting in the prairie region 

of North America, possibly in response to lower food abundance during incubation at the 

Alaska site. Black ducks ( Anasrubripes) nesting in south-central Maine maintained low 

nest attendance in response to the need to forage for low-density invertebrates 

(Ringelman et al. 1982). Sayler (1985) reported lower nest attendance of redheads 

( Aythyaamericana) during drought years, and attributed the decrease in attendance to a 

lower abundance of food.

The relationship between maximum distance traveled and overall attendance 

remains unclear. In 1997, attendance increased and females took fewer breaks as 

maximum distance traveled increased. A different pattern was evident in 1998. 

Attendance decreased with increasing maximum distance traveled, and females took 

more breaks with increasing maximum distance. Although the negative trend is 

influenced by a single data point, greater abundance of food in 1998 potentially allowed 

females to maintain high levels of nest attendance regardless of distance moved during 

incubation breaks. Although we did not examine the relationship between maximum 

distance moved during incubation breaks and available food, females that moved greater 

distances from the nest had less available food at sites where they fed. In 1997, female 

eiders may have made a tradeoff between nest attendance and distance traveled to
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foraging locations lower in food abundance. Females faced with traveling farther to areas 

of lower food abundance may have benefited energetically by remaining more attentive 

to the nest. Zicus et al. (1995) suggested that incubation patterns of common goldeneyes 

were influenced by distance traveled to foraging sites, but did not directly test this 

assumption. Brown and Frederickson (1987) reported that nest attendance of white

winged scoters (Melanitta fused) was low (84.5%) throughout incubation due to large 

distances between nests and foraging sites. Females required less energy to re-warm eggs 

by taking fewer and longer incubation breaks (Brown and Frederickson 1987). 

Conversely, Thompson and Raveling (1987) reported that emperor geese ( 

canagica) maintained high nest attendance (99.5%) and took short recesses (13.3 min) 

while moving a distance of only 53 m from the nest while on incubation breaks.

Mass Loss -  All female spectacled eiders lost mass during incubation. Female eiders lost 

18.3% of pre-incubation mass during both years of the study, which was lower than that 

reported by Flint and Grand (1999). Although Flint and Grand (1999) did not report pre

incubation mass for spectacled eiders, they estimated that females lost 368 g during 

incubation, representing 26% of pre-incubation mass. The effect of relative initiation 

date on mass loss was different between years in this study. For the two years, our results 

suggest that females that initiated nests near the peak of nest initiation for the population 

lost the least mass during incubation. However, earlier nesting females spent more time 

feeding and lost less mass. Food was more abundant in 1998 (O’Connell 2001), and 

mass loss did not vary in relation to time spent feeding per day in 1998. Females were 

thus able to acquire enough nutrients by varying levels of feeding intensity so mass loss
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was not different among individuals. Afton and Paulus (1992) reported mass loss ranged 

from 0 to 33% of pre-incubation mass for 25 species of waterfowl. During the breeding 

season, mallards and common eiders were heaviest at the beginning of incubation, and 

reached lowest mass at hatch (Korschgen 1977, Krapu 1981, Gatti 1983). Female 

mallards lost approximately 18% of pre-initiation mass during incubation, and stage of 

incubation was important in explaining rate of mass loss (Gatti 1983). Female common 

goldeneyes lost approximately 20% of pre-incubation mass during nesting (Mallory and 

Weatherhead 1993). Conversely, Gatti (1983) suggested that mass loss of mallards 

nesting early in the season could be influenced by ambient temperatures. Females that 

nested early were more attentive, took fewer breaks, and lost greater mass than later 

nesting females. Further, Gatti (1983) hypothesized that later nesting females had a more 

abundant food supply, thus a higher foraging efficiency than earlier nesting females. 

Similarly, Eichholz and Sedinger (1999) reported that female black brant were more 

attentive earlier during nesting because high-quality food was not available until later in 

the season.

Mass loss during late incubation decreased with increasing clutch size in both 

years of the study, although the relationship was much stronger in 1998, consistent with 

an hypothesis of a tradeoff between investment in the clutch and investment in 

incubation. After we controlled for investment in clutches, female eiders that initiated 

earlier in 1997 lost greater mass. We also found that in 1997 eider females were able to 

reduce mass loss by increasing foraging time.
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Time Spent Feeding -  Female eiders fed less per day as they moved greater distances to 

feed in both years of the study, and after controlling for distance moved, females fed 

more in 1997 than in 1998. Food was less abundant in 1997, and females may have 

increased time spent foraging relative to distance traveled to maintain food intake. 

Although we did not examine the relationship between time spent feeding and stage of 

incubation, in general female spectacled eiders spent more time feeding as incubation 

progressed, likely because nutrient reserves were low. Zicus et al. (1995) suggested that 

distance traveled by common goldeneyes to foraging sites influenced incubation 

behavior, although they did not test this assumption. In brant, nest attendance decreased 

with increasing stage of incubation, and females likely increased feeding on high quality 

food as it became available (Eichholz and Sedinger 1999). Common goldeneyes spent 

less time on the nest as incubation progressed, and likely increased foraging time towards 

the end of incubation (Mallory and Weatherhead 1993).

Distance Moved -  In general, birds moved farther to forage in deeper ponds in both years 

of the study. Spectacled eiders apparently select foraging sites approximately 20 cm 

deep, and food abundance increased with increasing pond depth >20 cm (O’Connell

2001). Consequently, females may have traveled farther to forage on more abundant 

food items in deeper ponds. Wetlands were dynamic throughout the study, as TDS levels 

increased and water depths decreased during the breeding season. Females may have 

responded to changing wetland conditions as incubation progressed by traveling farther 

to suitable foraging locations.
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Incubation Strategies -  Female eiders responded in complex ways to a suite of 

physiological and environmental variables. Because few other studies have 

simultaneously measured the full range of variables we considered, we were not prepared 

a priori for the complexity we observed. Thus, our interpretation below must be 

considered as hypotheses to be tested in future studies.

We interpret the overall behavioral strategy of spectacled eider females as one 

that optimized foraging behavior in response to food abundance, while minimizing risk of 

depleting nutrient reserves sufficiently to force nest abandonment or increase the risk of 

female mortality. We also hypothesize that these patterns are expressed in the context of 

substantial female heterogeneity.

The combined patterns of lower attentiveness later in incubation and as food 

abundance increased (Figure 2-4), reduced foraging time with increased distance moved 

(Figure 2-12), and increasing distance moved with increasing depth of foraging sites are 

all consistent with spectacled eider females attempting to feed at times and locations that 

maximize nutrient gain per time off the nest. Increased attendance with increasing pre

incubation mass, reduced mass loss with optimal initiation date, reduced mass loss with 

increased foraging time, and reduced mass loss with increasing clutch size are all 

consistent with an hypothesis that a minimum body mass threshold at least partially 

constrains spectacled eider behavior. The variation among females and between years in 

attendance and pre-incubation mass, distance moved, and available food suggests 

substantial variation in quality among females or areas they occupied within and between
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years. Sorting out the generality of these hypotheses and the importance of the factors 

identified will require new studies and we encourage such efforts.
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Figure 2-1. Hypothesis of factors influencing variation in nest attendance of spectacled eiders on the 

Yukon-Kuskokwim Delta, Alaska.



Kashunuk River

Nesting Habitat

Figure 2-2. Nesting habitat of spectacled eiders on the lower Kashunuk River along the central 
coast of the Yukon-Kuskokwim Delta, Alaska (Adapted from Flint and Grand 1997).
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Figure 2-3. Variation in overall nest attendance of spectacled eiders in relation to pre-incubation 
mass, 1997-1998. Nest attendance data are adjusted for average available food and average 
maximum distance moved during incubation breaks.



A
dj

us
ted

 
ne

st 
at

te
nd

an
ce

 
(%

)
79

110

100

90 -

80

O

O
o»
O

O

70 -

/
/  

10 -

O 1997 
1 / -------  1997 y=1.060xj-7.121
/  •  1998

  1998 y=0.927xj+0.001

o •  o

o

I I I I I

10 20 30 40 50

2
Food abundance (g-m )

Figure 2-4. Variation in overall nest attendance of spectacled eiders in relation to food abundance. 
1997-1998. Attendance data are adjusted for pre-incubation mass and maximum distance moved 
during incubation breaks.
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Figure 2-5. Variation in overall nest attendance of spectacled eiders in relation to maximum 
distance traveled during incubation breaks. Nest attendance data are adjusted for 
pre-incubation mass and food abundance.
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Figure 2-6. Daily variation in nest attendance of spectacled eiders in relation to daily time 
spent feeding, 1997-1998. Data for variation in daily nest attendance are adjusted for 
daily maximum distance traveled.
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Figure 2-8. Mass loss of spectacled eiders in relation to stage of incubation on the Yukon-Delta, 
Alaska, 1997-1998.



A
dj

us
ted

 
m

as
s 

los
s 

(g
)

84

500 -i

400 -

300 -

200  -

O

’O

O 1997
  1997 y=255.319xj-4.628

100 H « 1998
  1998 y=254.640xj+2.309

O

~T-
-5

i—
15

—i 
20-20 -15 -10

I
10

Relative initiation date

Figure 2-9. Variation in mass loss of spectacled eiders in relation to relative initiation date, 
1997-1998. Mass loss data are adjusted for pre-incubation mass, time spent feeding per 
day, and clutch size.
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Figure 2-10. Variation in mass loss of spectacled eiders in relation to clutch size, 1997-1998. 
Mass loss data are adjusted for relative initiation date, pre-incubation mass, and time spent 
feeding per day.
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Figure 2-11. Variation in mass loss of spectacled eiders in relation to time spent feeding 
per day, 1997-1998. Mass loss data are adjusted for relative initiation date, 
pre-incubation mass, and clutch size.
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Figure 2-12. Variation in time spent feeding per day of spectacled eiders in relation to 
maximum distance moved during incubation breaks, 1997-1998.
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Figure 2-13. Variation in maximum distance moved by spectacled eiders from nests during 
incubation breaks in relation to depth of foraging locations, 1997-1998. Distance data 
are adjusted for TDS of foraging locations and stage of incubation.
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Figure 2-14. Variation in maximum distance moved by specatcled eiders from nests during 
incubation breaks in relation to TDS of foraging locations, 1997-1998. Distance data are 
adjusted for depth of foraging locations and stage of incubation.
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incubation breaks in relation to stage of incubation, 1997-1998. Distance data are adjusted 
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Table 2-1. Model selection for variation in nest attendance of spectacled eiders during 

incubation on the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Data are for models 

with the highest AIC scores, and include the most general model in the set of competing 

models.
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Model3 SSEi Ki AIQi A; Wj
{y s f d y * d } b 0.051 7 -118.929 0.000 0.581

{ys fdy* fy*sy*d} 0.036 9 -116.658 2.271 0.187

{y ifd} 0.069 6 -116.502 2.428 0.173

{ y d s  f  d y*d y*fy*s y*i}+ 0.032 12 -95.894 23.036 0.000
a y=year; s=pre-incubation mass; f=food abundance; d=maximum distance traveled during incubation 

breaks; i=relative initiation date; c=clutch size; y*d=interaction between year and maximum distance 
traveled during incubation breaks; y*f=interaction between year and food abundance; y*s=interaction 
between year and pre-incubation mass; y*i=interaction between year and relative initiation date 

b r2=0.529 P=0.023 
+ Most general model



Table 2-2. Model selection for variation in daily nest attendance of spectacled eiders on 

the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Data are for models with the highest 

AIC scores, and include the most general model in the set of competing models.
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Model3 SSEj Kj AICCi Aj Wi

{fdd}b 0.022 20 -194.070 0.000 0.993

{dy} 0.022 21 -184.122 9.948 0.007

{fdy} 0.027 21 -175.288 18.782 0.000

{yfd d n a j } + 0.002 36 2358.787 2552.857 0.000
a fd=daily time spent feeding within female; d=daily maximum distance traveled during incubation breaks

within female; y=year; n=female within year; a=age of nest; j=Julian date 
b r2=0.158P=0.050 
+ Most general model



Table 2-3. Model selection for variation in mass loss of incubating female spectacled 

eiders on the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Data are for models with the 

highest AIC scores, and include the most general model in the set of competing models.
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Model3 SSEj Ki AICci Ai W

{ip c}b 44647.732 5 142.944 0.000 0.929

{i s p c) 44370.484 6 148.177 5.234 0.068

{ i s p c y } 43915.764 7 154.679 11.736 0.003

{ i s fp c yy * sy * p y * J }  + 8845.005 11 189.040 46.097 0.000
a i=relative initiation date; p=time spent feeding per day; c=clutch size; s=pre-incubation mass; y=year;

f=food abundance; y*s=interaction between year and pre-incubation mass; y*p=interaction between year 
and time per day spent feeding 

b ^=0.307 P=0.207 
+ Most general model



Table 2-4. Model selection for variation in time spent feeding per day by incubating 

female spectacled eiders on the Yukon-Kuskokwim Delta, 1997-1998. Data are for 

models with the highest AIC scores, and include the most general model in the set of 

competing models.
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Model3 SSEj Kj AICci A; Wj

{dyy*d}b 467.761 5 70.006 0.000 0.876

{f d ay} 442.691 6 74.458 4.452 0.095

{fdyy*fy*d} 353.104 7 77.507 7.501 0.021

{ f d y a i s c t d p  y*fy*d y*s}+ 103.726 11 117.907 47.901 0.000
a d=maximum distance traveled from nest during incubation breaks; y=year; f=food abundance; a=stage of 

incubation; i=relative initiation date; s=pre-incubation mass; c=clutch size; t=TDS of foraging locations; 
dp=depth of foraging locations; y*f=interaction between year and food abundance; y*d=interaction 
between year and maximum distance traveled from nest during incubation breaks; y*s=interaction 
between year and pre-incubation mass 

b 1^=0.0.369 P=0.125 
+ Most general model



Table 2-5. Variation in maximum distance traveled from the nest during incubation 

breaks by female spectacled eiders on the Yukon-Kuskokwim Delta, Alaska, 1997-1998. 

Data are for models with the highest AIC scores, and include the most general model in 

the set of competing models.
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Model3 SSEi Ki AlCci A, Wi

{ ydp t a y*dp y*t}h 46298.224 9 207.155 0.000 0.893

{y dp t ay*dpy*t 46294.819 9 212.411 5.255 0.064

{y dp a) 103146.622 5 214.114 6.958 0.028

{ y d p ta  fy*dp  y*t y*j}+ 86857.668 10 227.512 20.357 0.000
a y=year; dp=depth of foraging locations; t=TDS of foraging locations; a=stage of incubation; f=food 

abundance; y*dp=interaction between year and depth of foraging locations; y*t=interaction between 
year and TDS of foraging locations; y*f=interaction between year and food abundance 

b r2=0.687P=0.001 
+ Most general model
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CONCLUSIONS

Spectacled eiders exhibited substantial variation in incubation behavior among 

females, yet maintained high levels of nest attendance relative to other species of ducks 

(Afton and Paulus 1992). The overall high level of nest attendance of spectacled eiders is 

consistent with Afton’s (1980) hypothesis that nest attendance increases with body size 

within and among species. In contrast, Flint and Grand (1999) were unable to associate 

variation in nest attendance among spectacled eider females with mass loss or stage of 

incubation, and there was substantial variation in nest attendance in relation to pre

incubation mass (this study). However, there is evidence that variation in nest attendance 

of spectacled eiders is a response to a complex suite of physiological and environmental 

variables (Flint and Grand 1999). Variation in pre-incubation mass, food abundance, and 

distance traveled to foraging locations likely influenced the incubation behavior of 

spectacled eiders. Spectacled eiders attempted to optimize foraging behavior in response 

to variation in food abundance and wetland conditions; while minimizing the risk of 

mortality or the depletion of nutrient reserves, which could have resulted in nest 

abandonment. Patterns of nest attendance also vary in the context of substantial female 

heterogeneity.

Spectacled eider females attempted to forage at times and locations that 

maximized nutrient gain per time off the nest. Females decreased attentiveness later in 

incubation and as food abundance increased, reduced foraging time as distances to 

foraging sites increased, and increased distance moved with increasing depth of foraging



sites. Incubation behavior in spectacled eiders may also have been constrained by a 

minimum threshold in body mass. In general, females increased nest attendance with 

increasing pre-incubation mass, and had reduced mass loss with increased foraging time, 

optimal initiation date, and clutch size. There was substantial variation among females 

and between years in nest attendance, pre-incubation mass, distance moved, and available 

food, which suggests a high degree of variability in quality among females or habitats 

they utilized during the breeding season.

Spectacled eiders apparently made tradeoffs between nest attentiveness and 

energy gained from foraging, distance traveled to foraging locations, and time spent 

feeding. Females traveled farther to forage when potential foods were more abundant 

and in deeper ponds that were more accessible during the breeding season. Females also 

increased time spent feeding when potential food was less abundant, suggesting that 

foraging efficiency was lower. Mass loss of nesting eider females during late incubation 

decreased with increasing clutch size, which was consistent with an hypothesis of a 

tradeoff between investment in the clutch and investment in incubation.

Weather was an important influence on the water regime of wetlands in the 

Kashunuk River area, and the abundance and diversity of invertebrates and seeds was 

affected by changes in the water regime during the breeding season. Reduced abundance 

of potential foods was associated with increasing levels of TDS and decreasing water 

depths. Further, wetland conditions influenced wetland use and availability of potential 

foods to spectacled eiders. Warm and dry periods of the breeding season led to 

conditions that may have physically restricted spectacled eiders from utilizing potential
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foods in wetlands that were very shallow or completely dry. Reduced abundance and 

availability of wetlands and potential foods may force females to spend more energy 

searching for food, which could subsequently lower nest attentiveness and increase the 

risk of nest predation.

Wetlands of the Kashunuk River area of the Yukon-Kuskokwim Delta contained 

an assemblage of animal and plant taxa similar to wetlands sampled in other regions of 

Alaska (Bergman et al. 1977, Butler 1982, Hobbie 1984, Maciolek 1989, Burris 1991) 

and the Great Slave Lake region of northwestern Canada (Bartonek and Murdy 1970, 

Bartonek 1972). Of the invertebrates identified, Chironomidae were most abundant and 

appeared across a wide range of TDS and water depths of ponds sampled in the 

Kashunuk River area. Chironomidae are a diverse family of insects occupying a wide 

range of environmental conditions, and are found in wetlands throughout North America 

(Krapu 1974a, Bergman et al. 1977, Butler 1982, Hobbie 1984, Noyes and Jarvis 1985, 

Maciolek 1989, Cox and Kadlec 1995, Coffman and Ferrington 1996). Chironomidae are 

likely an important food source for nesting spectacled eiders, and provide a protein-rich 

food source that eider females can use to meet the energetic demands of laying and 

incubation (Swanson and Meyer 1973, Batzer et al. 1993, Gardarsson and Einarsson 

1994, Cox and Kadlec 1995). The abundance and diversity of Chironomidae influence 

pond selection (Joyner 1980) and foraging sites (Safran et al. 1997) of breeding ducks, 

and likely contribute to variation in incubation behavior and wetland selection by 

spectacled eiders.
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Seeds were the most abundant potential food item available to spectacled eiders, 

and provided a high-energy food source when invertebrates were less available or less 

abundant (Swanson et al. 1985, Woodin and Swanson 1989, Afton and Hier 1991,

Kenow and Rusch 1996). Seeds were a more stable food source than invertebrates in 

both years of the study, and were likely important to spectacled eiders at the beginning of 

the breeding season when invertebrate availability was low. Eider females likely 

benefited from utilizing high-energy seeds when energetic costs of maintenance were 

highest at the beginning of the breeding season.
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APPENDIX

Table A -l. Taxonomy of potential spectacled eider foods sampled from wetlands on the 

Yukon-Kuskokwim Delta, Alaska, 1997-1998.

Taxa Comments

Animal

Insecta

Coleoptera

Dytiscidae l1

Haliplidae 1*

Noteridae a *

Unknown

Collembola

Sminthuridae a *

Diptera

Canacidae a *

Ceratopogonidae p, a

Chironomidae 1, p, a

Culicidae a *

Dryomizidae a *

Ephydridae 1, p, a *

Muscidae a *

Psychodidae 1*

Sciomyzidae 1*

Simuliidae a *

Tabanidae 1*
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Table A-l (Continued). Taxonomy of potential spectacled eider foods sampled from

wetlands on the Yukon-Kuskokwim Delta, Alaska, 1997-1998.

Taxa Comments

Animal

Diptera

Unknown

Hemiptera

Unknown

Hymenoptera

Instar a

Braconidae a *

Eulophidae a *

Icneumonidae a *

Pteromalidae a *

Orthoptera

Tridactylidae *

Trichoptera

Limnephilidae I P

Odontoceridae 1*

Phryganeidae 1*

Sericostomatidae 1

Unknown

Polychaeta

Phyllodocidae

Spionidae

Oligochaeta
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Table A-l (Continued). Taxonomy of potential spectacled eider foods sampled from

wetlands on the Yukon-Kuskokwim Delta, Alaska, 1997-1998.

Taxa Comments

Animal

Crustacea

Amphipoda

Cladocera

Copepoda

Decapoda

Crustacea

Isopoda

Arachnida

Amea

Gastropoda

Unknown

Bivalvia

Unknown

Actinopterygii

Gasterosteiformes

Pleuronectiformes

Cypriniformes

Plant

Cyperaceae

Carex spp.

Hippuridaceae

Hippuris spp.



Taxa Comments

Plant

Potamogetonaceae

Potamogeton spp.

Ranunculaceae

Ranunculus

Zannichelliaceae

Zannichellia
'a=adult; l=larvae; p=pupae
* Insect Families previously undescribed for the Yukon-Kuskokwim Delta, Alaska
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Table A-l (Continued). Taxonomy of potential spectacled eider foods sampled from

wetlands on the Yukon-Kuskokwim Delta, Alaska, 1997-1998.



Table A-2. Frequency of potential spectacled eider foods in relation to total number of 

samples collected per year on the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Only 

potential foods occurring in >1% of samples included. Dashes indicate potential foods 

not found in samples that year.

Food Type

Frequency of Occurrence 

1997 1998 

n=139 n=221

Animal Chironomidae Larvae 96.4 89.1

Chironomidae Pupae 28.1 28.1

Chironomidae Adult 2.2 4.1

Oligochaeta 92.1 87.8

Unknown Trichoptera Larvae 5.0 1.4

Trichoptera Cases 55.4 88.7

Unknown Diptera Larvae - 1.8

Unknown Diptera Pupae - 25.8

Unknown Diptera Adult 18.7 3.6

Ephydridae Larvae 2.9 10.0

Ephydridae Pupae 12.2 30.3

Amphipoda 9.4 21.0

Haliplidae Larvae 6.5 -

Unknown Invertebrate 6.5 6.3

Isopoda 3.6 -

Canacidae Adult 1.4 -

Dytiscidae Larvae 1.4 1.4

Bivalve Shells 1.4 9.0

Unknown Arachnid 1.4 -



Table A-2 (Continued). Frequency of potential spectacled eider foods in relation to total 

number of samples collected per year on the Yukon-Kuskokwim Delta, Alaska, 1997-

1998. Only potential foods occurring in >1% of samples included. Dashes indicate 

potential foods not found in samples that year.
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Food Type

Frequency of Occurrence 

1997 1998 

n=139 n=221

Animal Tridactylidae - 4.1

Fish Bones - 4.1

Sminthuridae Adult - 2.7

Ceratopogonidae Larvae - 2.7

Nine-spine Stickleback - 1.8

Minnow - 1.4

Seeds Seed Pieces 96.4 98.2

Hippuris spp. 89.2 84.6

Potamogeton spp. 87.1 90.0

Ranunculus spp. 76.3 71.5

Unknown Seeds 64.0 93.3

Zannichellia palustris 53.2 55.7
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Table A-3. Aggregate percent weights of several potential spectacled eider foods 

collected on the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Items shown are the 

largest aggregate percentages of all potential foods sampled.

Aggregate Percent of Total Weight 

Food Type 1997 1998

Animal Isopoda 0.4

Oligochaeta 2.3 1.3

Trichoptera Cases 3.3 6.2

Chironomidae Larvae 7.9 10.6

Ephydridae - 1.2

Bivalve Shells - 2.6

Total Animal 37.1 39.8

Seeds Unknown Seeds 0.5

Ranunculus spp. 0.7 0.9

Zannichellia palustris 1.0 1.6

Hippuris spp. 5.3 6.6

Potamogeton spp. 5.5 6.5

Seed Pieces 11.0 20.8

Total Seeds 64.6 61.4



Table A-4. Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest Territories,

Canada, and the prairie pothole region.

Order Family

West-
central
Alaska

0 )

Interior
Alaska

(2)

Yukon
Delta,
Alaska

(3)

Great Slave 
Lake region, 
Northwest 
Territories, 
Canada (4)

Alberta and 
Saskatchewan 

prairie 
pothole 

region (5)

South-
central
North

Dakota
(6)

Manitoba 
prairie 
pothole 

region (7)

This
study

Coleoptera * * * * * * *

Amphizoidae X

Chrysomelidae X X

Coccinellidae X

Curculionidae X X

Dytiscidae X X X X X X

Elmidae X X

Gyrinidae X X

Haliplidae X X X X X

Helodidae X X

Hydrophilidae X X X X

Noteridae X

Scirtidae X



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

Order Family

West-
central
Alaska

( 1)

Interior
Alaska

(2)

Yukon
Delta,
Alaska

(3)

Great Slave 
Lake region, 
Northwest 
Territories, 
Canada (4)

Alberta and 
Saskatchewan 

prairie 
pothole 

region (5)

South-
central
North

Dakota
(6)

Manitoba
prairie
pothole
region

(7)

This
study

Coleoptera
(cont.)
Collembola

Staphylinidae

Isotomidae

Sminthuridae

*

X

X

* *

X

Diptera

Canacidae

* * * * * * * *

X

Ceratopogonidae X X X X X

Chaoboridae X X

Chironomidae X X X X X X X X

Culicidae X X X X

Dixidae X X X

Dolichopodidae X X

Dryomizidae X X



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

West- Interior Yukon Great Slave Alberta and South- Manitoba This
central Alaska Delta, Lake region, Saskatchewan central prairie study

Order Family Alaska (2) Alaska Northwest prairie North pothole
(1) (3) Territories, pothole Dakota region

_______  Canada (4) region (5)_____ (6)______ (7)

Diptera (cont.) Ephydridae X X X

Muscidae X X

Psychodidae X X

Sciomyzidae X X

Simuliidae X X

Stratiomyidae X

Tabanidae X X X

Tipulidae X X X

Ephemeroptera * * * * *

Baetidae X X

Caenidae X X

Ephemeridae X

Leptophlebiidae X



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

Order Family

West-
central
Alaska

( 1)

Interior
Alaska

(2)

Yukon
Delta,
Alaska

(3)

Great Slave 
Lake region, 
Northwest 
Territories, 
Canada(4)

Alberta and 
Saskatchewan 

prairie 
pothole 

region (5)

South-
central
North

Dakota
(6)

Manitoba This 
prairie study 
pothole 
region 

(7)
Ephemeroptera
(cont.)
Hemiptera

Tricorythidae X

* * * * * * *

Corixidae X X X X

Gerridae X X

Notonectidae X

Saldidae X X

Veliidae X

Homoptera

Cicadellidae

*

X

*

X

Hymenoptera3

Braconidae

Diapriidae

Eulophidae

* *

X X 

X

X



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

Order Family

West-
central
Alaska

( 1)

Interior
Alaska

(2)

Yukon
Delta,
Alaska

(3)

Great Slave 
Lake region, 
Northwest 
Territories, 
Canada(4)

Alberta and 
Saskatchewan 

prairie 
pothole 

region (5)

South-
central
North

Dakota
(6)

Manitoba 
prairie 
pothole 

region (7)

This
study

Hymenoptera
(cont.)

Lepidoptera

Odonata

Icneumonidae

Pompilidae 

Pteromalidae 

Scelionidae 

T richogrammatidae

Arctiidae

Noctuidae

Aeshnidae

Coenagrionidae

Cordulegastridae

Corulidae

x

x

x

x

x

x
*

X

X

*



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

Order Family

West-
central
Alaska

(1)

Interior
Alaska

(2)

Yukon
Delta,
Alaska

(3)

Great Slave 
Lake region, 
Northwest 
Territories, 
Canada (4)

Alberta and 
Saskatchewan 

prairie 
pothole 

region (5)

South-
central
North

Dakota
(6)

Manitoba
prairie
pothole
region

(7)

This
study

Odonata
(cont.) Gomphidae X

Libellulidae X X

Lestidae X

Orthopterab *

Tridactylidae X

Trichoptera * * * * * * * *

Hydroptilidae X

Leptoceridae X X X X

Limnephillidae X X X X

Molannidae X

Odontoceridae X

Philopotamidae X

Polycentropodidae X



Table A-4 (cont.). Comparative list of insects sampled from wetlands sampled in coastal and interior Alaska, Northwest

Territories, Canada, and the prairie pothole region.

West- Interior Yukon Great Slave Alberta and South- Manitoba This

Order Family
central
Alaska

Alaska
(2)

Delta,
Alaska

Lake region, 
Northwest

Saskatchewan
prairie

central
North

prairie
pothole

study

(1) (3) Territories, 
Canada (4)

pothole 
region (5)

Dakota
(6)

region (7)

Trichoptera
(cont.) Phryganeidae

Sericostomatidae

X X X X

X

* insect order identified in study
a Hymenoptera in samples are not aquatic, but are parasites of aquatic invertebrates and likely were blown into ponds and inadvertently sampled 
b Orthoptera are mainly terrestrial insects. Individuals in samples were likely blown into ponds and inadvertently sampled
(1) Seppi 1993; (2) Burris 1991; (3) Maciolek 1989; (4) Bartonek and Murdy 1970; (5) Hammer et al. 1990; (6) Swanson et al. 1979; (7) Bataille and 
Baldassarre 1993

to


