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Abstract

Spectacled eiders (Somateria fischeri) nest and raise their broods in coastal areas of the 

Yukon-Kuskokwim Delta, which may be vulnerable to projected climate change effects of 

increased temperatures, storms, and sea level rise. These changes in turn will likely affect 

wetland salinity levels used by ducklings, which are a potential constraint to growth and 

survival of young ducklings while their salt glands develop. To examine this potential concern, I 

investigated spatial and temporal pond salinity dynamics, food availability, and habitat use of 

spectacled eider broods at Kigigak Island, AK during 2011-2012. I found that salinity was highly 

variable across the island, ranging from 0-23.9 ppt and averaged 4.9-12.9 ppt in ponds at brood 

observation sites during the first 30 days of brood rearing. Salinity typically increased through 

the summer across all habitat types, but at the highest rate in high sedge habitat. The most 

common invertebrate taxonomic groups included Eurytemora, Harpacticoida, Annelida, and 

Chironomidae, which were found in nearly all ponds sampled with salinity ranging from 0.7

16.1 ppt. Neither salinity nor invertebrate abundance explained pond foraging use by broods. 

Additionally, I used robust design occupancy models to estimate brood foraging patterns. Pond 

occupancy ranged from 0.43-0.59 between years. Overall, brood use of ponds was not dictated 

by salinity levels or invertebrates present, suggesting that most ponds provide suitable brood 

rearing habitat. I did not detect any obvious constraint to pond use within brood rearing 

habitat under the environmental conditions encountered.
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General Introduction

Sea ducks (Tribe: Mergini) represent a diverse group of waterfowl that nest at high 

latitudes across the Holarctic. Within North America, 15 species occur. The list includes four 

eider species (Somateria spp., Polysticta stelleri), the bufflehead (Bucephala albeola), long - 

tailed duck (Clangula hyemalis), harlequin duck (Histrionicus histrionicus), three merganser 

species (Lophodytes cucullatus, Mergus spp.), two goldeneye (Bucephala spp.), and three scoter 

species (Melanitta spp.). Of these sea ducks, the spectacled (Somateria fischeri) and Steller's 

eiders (Polysticta stelleri) are thought to have declined the most in North America and are listed 

as threatened species under the Endangered Species Act (Federal Register 1993, 1997).

One of the main spectacled eider breeding areas in Alaska is the 129,500 km2 Yukon- 

Kuskokwim Delta (YKD) located in the western part of the state (Thorsteinson et al. 1989). This 

area is of worldwide importance as a premier breeding ground for millions of waterfowl and 

shorebirds, including nearly the entire world's population of emperor geese (Chen canagica), 

and the majority of black brant (Branta bernicla nigricans) (Bellrose 1980, Ely and Raveling 

1984, Sedinger et al. 1993, Schmutz et al. 2020). Most of the region's landscape is flat, treeless, 

lowland tundra dominated by small ponds, sloughs, and mudflats (Maciolek 1989, Thorsteinson 

et al. 1989). Although this area is an important breeding ground for many waterfowl species, 

several have shown long-term population declines in this region, none more so than spectacled 

and Steller's eiders. Steller's eiders have virtually disappeared from the region with only the 

occasional pair nesting over the last several decades (Kertell 1991, Pearce et al. 2005). 

Spectacled eiders faced a population decline in Alaska beginning in the 1970s when an 
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estimated 50,000 pairs nested on the YKD (Stehn et al. 1993). In 1992 an estimated 1,721 

nesting pairs remained across western Alaska, representing a 96% population decline (Stehn et 

al. 1993). An estimated decline of at least 75% occurred during a 20-year period at a study site 

location along the Kashunuk River on the YKD (Ely et al. 1994). Since being listed as threatened 

under the Endangered Species Act in 1993, their numbers have grown to approximately 4,000 - 

7,000 breeding birds on the YKD (Swaim et al. 2017).

Virtually the entire global population overwinters in dense aggregations in pack ice 

south of Saint Lawrence Island in the Bering Sea. Their wintering area remained unknown until 

its discovery in 1995 when the signal from a bird equipped with a radio transmitter revealed the 

location of approximately 330,000 birds (Petersen et al. 1999). Male spectacled eiders spend 

about 11 months of the year at sea and females spend 8-9 months (Petersen et al. 2020). They 

breed in coastal areas of eastern Russia, as well as the YKD and the North Slope of Alaska. 

Eiders reach breeding age at 2-3 years old and arrive on the YKD during early to middle of May 

(Moran 2000). Males start departing for molting areas in the Bering Sea shortly after females 

begin incubating the eggs. At sea, spectacled eiders dive 40 - 70 m and feed mainly on clams 

(Petersen et al. 1998, Lovvorn et al. 2003). On the breeding grounds, aquatic invertebrates and 

seeds form the bulk of their diet (Dau 1974, Petersen et al. 2020).

Since eiders breed in coastal regions of the Arctic and subarctic, they may be affected 

strongly by climate change. Changes in the intensity and frequency of storms, increases in 

temperature and sea level rise, as well as changes in rainfall and freshwater input all may affect 

coastal habitats and the birds that use them (Day et al. 2008), particularly on the low lying YKD 

(Jorgenson et al. 2018).
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Waterfowl studies on Kigigak Island on the Yukon-Kuskowkim Delta of Alaska date back 

to the 1980s and research on spectacled eiders has been conducted on the island on an almost 

annual basis since 1991. Most of the past work has focused on nest site philopatry, 

recruitment, nesting productivity, annual survival, and avian influenza sampling (Lake 2008). 

Nesting density and nest success have stayed relatively stable over the years. Given the 

importance of this site for studies of spectacled eiders, it is highly relevant to survey the 

wetland environment that is used for nesting and brood rearing. Ducklings require freshwater 

for brood rearing and have a relatively low tolerance for saline water during the first week post 

hatch (eg. Moorman et al. 1991, Grand et al. 1997, DeVink et al. 2005). However, it is 

important to note that some of these studies were by necessity carried out in a controlled 

laboratory environment and do not account for behavioral changes or adaptation that may 

occur in the natural environment. In situ observations of pond use by ducklings, and 

subsequent cataloging of the pond's abiotic characteristics, as well as its food environment, will 

contribute to knowledge of spectacled eider ecology and suggest possible habitat requirements 

for ducklings.

Overall, the goal of my research was to investigate the habitat use of spectacled eider 

broods and factors that influence pond use. The objectives of the study in chapter 1 were to:

1. Assess the spatial and temporal distribution of salinity across a high-density nesting and 

brood rearing study site on the YKD and factors influencing salinity.

2. Assess food availability for spectacled eider broods by sampling stratified random ponds 

for invertebrates.

3. Evaluate the relationship between invertebrates and salinity on brood foraging use.
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In chapter 2, I assessed habitat use by spectacled eider broods and my main objective was 

to examine brood occupancy of ponds within predetermined habitat assemblages and to 

evaluate factors influencing pond occupancy.
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Chapter 1: Salinity and food availability in wetlands used by spectacled eiders (Somateria 
fischeri) during brood rearing on the Yukon-Kuskokwim Delta, Alaska1

1 Graff, N.R., P.L. Flint, T.E. Hollmen, C. A. Bradley, and M.S. Lindberg. Salinity and food availability in wetlands 
used by spectacled eiders (Somateria fischeri) during brood rearing on the Yukon-Kuskokwim Delta, Alaska. To be 
submitted for publication in Hydrobiologia.

1.1 Abstract

Salinity is an important environmental constraint to growth and survival of young 

ducklings of a variety of waterfowl species following hatch, but little is known regarding salinity 

levels and food availability in ponds in spectacled eider (Somateria fischeri) brood rearing 

habitat. During the breeding seasons of 2011-2012, we examined the spatial and temporal 

distribution of salinity and factors affecting salinity within high sedge, high graminoid, dwarf 

shrub, and mixed high graminoid-shrub habitats at Kigigak Island on the Yukon-Kuskokwim 

Delta (YKD), Alaska. We also assessed food availability in ponds and the relationship between 

pond invertebrates and salinity on foraging use by broods. Salinity was variable in ponds within 

and between habitats, ranged from 0-23 ppt, and averaged 4.9-12.9 ppt at brood observation 

sites during the first 30 days of brood rearing. Salinity typically increased with Julian date 

across all habitat types but at a higher rate in the high sedge habitat. The most common 

invertebrate taxonomic groups included Eurytemora, Harpacticoida, Annelida, and 

Chironomidae. These groups were found across all habitat types in nearly all ponds sampled 

with salinity ranging from 0.7-16.1 ppt. Use of ponds by broods was not dictated by salinity or 

invertebrate composition suggesting that food availability in ponds may not be limiting for 

broods due to the high degree of similarity of invertebrates in ponds across habitats.
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1.2 Introduction

Adult female eiders and their broods face a number of risks to survival during brood 

rearing, including exposure to harsh weather conditions, predation, and lead exposure (Dau 

1974, Flint and Grand 1997, Grand et al. 1998). Wetland salinity levels may also affect survival 

during the early brood rearing period as elevated salinity levels may be harmful or even lethal 

to ducklings early post hatch (Moorman et al. 1991, DeVink et al. 2005). In fact, waterfowl 

habitat use, and food preference may be dictated by salinity levels on the breeding grounds 

(Nystrom and Pehrsson 1987, Grand et al. 1997), which may change throughout the breeding 

season (Swanson et al. 1984).

Although ducklings develop salt excretion glands following hatch and may begin 

secretions as early as two days post hatch (DeVink et al. 2005), salt water at high enough 

concentrations may still have negative effects on health of ducklings (Ellis et al. 1963). Salinity 

levels between 9-12 ppt were the upper threshold of tolerance among mottled duck (Anas 

fulvigula) ducklings in Louisiana, under a controlled experiment (Moorman et al. 1991). 

Common eiders (Somateria mollissima) subjected to <1 ppt, 11 ppt, 21 ppt, and 33 ppt, faced 

3%, 17%, 60%, and 100% mortality within 6.5 days of age (DeVink et al. 2005). The toxic effect 

of salinity during early duckling growth increases with exercise and may be much higher in the 

wild (Moorman et al. 1991, DeVink et al. 2005). However, wetland complexes of high salinity 

may still be used if a fresh water source is available in close proximity (Mitcham and Wobeser 

1988). On the Yukon-Kuskokwim Delta (YKD) of western Alaska, 80% of female northern 

pintails moved broods to less saline habitats for brood rearing and none moved to areas of 

higher salinity (Grand et al. 1997). Brood rearing habitat at the Kashunuk River generally had 
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deeper ponds with lower salinity and more abundant and diverse food resources than nesting 

habitat (O'Connell 2001).

The combined effects of hydroperiod and salinization may limit the diversity of 

macroinvertebrates and zooplankton in temporary wetlands (Waterkeyn et al. 2008) and 

changes in salinity within ponds can dictate invertebrate composition (Swanson et al. 1984). 

On the breeding grounds, spectacled eiders (Somateria fischerii) likely feed on a variety of pond 

invertebrates and seeds (Dau 1974, O'Connell 2001). In northern Alaska, king eider (Somateria 

spectabilis) stomachs revealed plant matter, midges, caddis flies, fairy shrimp, and water fleas 

(Bergman et al. 1977).

Spectacled eiders typically nest within 15 km of the coast; thus, determining food 

availability at Kigigak Island may provide insight to what foods may be eaten along other areas 

of the coastal YKD. At a site near the Kashunuk River north of Kigigak Island, 24 families and 7 

orders of insects were present, with Chironomidae and Oligochaeta the most common 

invertebrate taxonomic groups (O'Connell 2001). Chironomidae larvae were also a common 

taxon in tundra wetlands in northern Alaska and inland wetlands of the YKD (Butler 1982, 

Maciolek 1989). Although invertebrates play a significant role in diet intake of spectacled 

eiders, a higher abundance of seeds may form the bulk of the diet earlier in the season for adult 

birds when invertebrate numbers are low prior to snow melt (Kitschinski and Flint 1974, 

O'Connell 2001) and again late in season (Kitschinski and Flint 1974). O'Connell (2001) noted 

Hippuris and Potamogeton seeds as the most abundant food items, present in >85% of samples.

We examined the spatial and temporal distribution of salinity across a high-density 

nesting and brood rearing site on the YKD. We also sampled stratified random ponds for 
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invertebrates to assess food availability for spectacled eider broods. Given the highly dynamic 

environment of the YKD, we predicted that salinity levels would fluctuate throughout the 

season, being lowest after snow melt and increasing throughout the summer. We also 

hypothesized that invertebrate assemblages and density would be higher in brood used ponds 

than unused ponds. This study was conducted (1) to document the spatial and temporal 

distribution of salinity across a high-density nesting and brood rearing study site on the YKD, (2) 

to sample stratified random ponds for invertebrates to assess food availability for spectacled 

eider broods, and (3) to test the effect of salinity and invertebrate assemblage on pond foraging 

use by broods.

1.3 Methods

1.3.1 Study Area

The location for this study is Kigigak Island (60°50'N, 165°50'W), 32.5 km2 in size and at 

the mouth of Baird Inlet on the YKD (Fig. 1.1). The island is bordered by the Bering Sea to the 

West, the Ninglick River to the Northeast, and Baird Inlet to the Southeast. Habitat types included 

low sedge, intermediate sedge, high sedge, high graminoid, dwarf shrub, and mixed high 

graminoid -shrub, and were similar to those of previous studies on the YKD (Fig 1.2, Tande and 

Jennings 1986, Grand et al. 1997, O'Connell 2001). The site is similar to much of the western 

coastal region of the YKD; tidal sloughs with mudflats, low elevation, and many brackish ponds 

(Grand et al. 1997, Moran 2000, Wilson et al. 2007). The area is highly influenced by daily tides 

and floods occasionally during spring snowmelt and seasonal storms. Most ponds are generally 

flat bottomed, characteristic of those in interior areas of the YKD (Maciolek 1989). Sloughs and 

small ponds are surrounded by mainly sedges and grasses, and some tundra vegetation in upland 
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areas. The summer season is typically cool, wet, cloudy, and windy, with average temperature 

highs of 10°C and rarely exceeding 18°C (Thorsteinson et al. 1989).

1.3.2 Wetland sampling

We measured electrical conductivity, temperature, and water levels in four ponds; one 

each in the dwarf shrub, mixed high graminoid-dwarf shrub, high sedge, and high graminoid 

vegetation habitats using HOBO water level and conductivity data loggers, and air temperature 

and precipitation using a HOBO weather station (Onset Computer Corp, Bourne, MA, U.S.A.). 

We began pond sampling as soon as the ice and snow had melted from the ponds and deployed 

loggers for the entirety of the season beginning on 12 May, 2011 and 12 June, 2012. In 2012, 

the conductivity and water level loggers for one of the ponds failed so we collected data from 

three ponds instead of four. Loggers collected data every three hours in 2011, and every four 

hours in 2012.

In addition to data loggers, we used a YSI handheld conductivity meter (YSI Inc., Yellow 

Springs, OH, U.S.A.) to sample salinity in ponds at a larger spatial and temporal scale. In 2011, 

ponds were sampled between 6 June and 23 July, and in 2012 between 13 June and 2 August. 

Initially, samples were collected ~ 1 m from shore and in the middle of the water column to 

assess variation in salinity within a given pond. During a pilot study, we detected little variation 

in salinity (< 1 ppt) within ponds; therefore, we took a single salinity sample per pond per 

sampling period from shore. In both years, we sampled ponds across the island shortly after 

the snow and ice melted off in the spring, and then again just prior to peak hatch of spectacled 

eiders. We limited salinity sampling in 2011 to the main areas of known high-density nesting.
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These nesting areas generally corresponded with adequate vegetation cover on land and ponds 

that were not tidally influenced. In 2012, we expanded the sampling effort to include non-tidal 

ponds across the island after ice melt, again before hatch, and a late sampling effort at the end 

of July/early August.

In addition to the island-wide sampling, we collected salinity data during the brood 

rearing period within a 300 m radius of observation towers (n=5) placed in four vegetation 

habitats (Fig. 1.2, Graff Chapter 2). We conducted observations from towers to record 

spectacled eider brood use of ponds. We considered ponds “used” if a brood was observed 

actively foraging for ≥ 5 minutes. We considered ponds unused if broods were not observed or 

had brood foraging activity for ≤ 5 minutes. In 2011, for each sampling period, we sampled a 

total of three used ponds and three randomly selected unused ponds. When three ponds or 

less were used, all were sampled. During 2012, all ponds within a 300 m radius of a tower were 

given an ID number, and use events were recorded. All used ponds were sampled for salinity 

within one day of the use event; the remaining unused ponds were sampled within three days. 

To minimize disturbance to birds, brood observations from a tower were not conducted until 

two days after a full salinity sampling session. This gave the eider broods time to resume 

normal activities and move back into the viewing area of a tower.

1.3.3 Invertebrate sampling

We marked coordinates for each pond with a GPS and sampled for invertebrates at a 

single location, taken from shore to avoid stirring the bottom sediment. Due to the shallowness 

of the ponds, we sampled for plankton at or near the water surface six times at a location using 
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a 20 cm ring net fitted with 180 μm mesh attached to a 5 m rope. We also used a 19.7 cm x 7.6 

cm LaMotte bottom sampling dredge (LaMotte Company, Chestertown, MD, U.S.A.) to collect 

benthic samples, with one grab sample collected per pond. Benthic samples were sifted 

through a 250-μm sieve to remove excess mud and organic matter. Plankton and benthic 

samples were preserved with 70% ethanol solution in 118 ml Nalgene bottles (Mason and 

Yevich 1967).

Invertebrate sampling was conducted during the brood rearing period in July. We 

randomly sampled up to three brood used and three unused ponds per sampling 

location/observation period in 2011. All used ponds were sampled if ≤ 3 were observed, but if 

more than three ponds were used during an observation period, three of the used ponds were 

selected at random. We sampled used and unused samples within one week of observed brood 

use.

In 2012, we randomly selected ponds outside of the observation tower radius to 

minimize human disturbance to the tower viewing area because of the expanded salinity 

sampling effort within the 300 m tower radius. We chose four ponds haphazardly for each 

habitat type and repeated invertebrate sampling approximately once per week for the month 

of July. Brood use of these ponds was unknown.

Invertebrate samples were analyzed in the laboratory at the University of Alaska - 

Fairbanks. Due to the shallowness of most ponds sampled, we did not calculate abundance for 

plankton samples. We stirred samples and swirled an unknown aliquot into a petri dish to sort 

under a dissecting microscope. For benthic samples, we took subsamples using a Folsom
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Plankton Splitter (Wildco, Yulee, FL, U.S.A.), and recorded splits so that abundance numbers 

could be obtained. We sorted invertebrates under a microscope and identified them to the 

lowest taxonomic level possible.

1.3.4 Data Analysis

We used a generalized additive mixed model to assess variation in pond salinity across 

the island, and used the statistical packages, ‘nlme', ‘lme4', and ‘mgcv' within program R (R 

Core Team 2020). Fixed effect predictors in the model included year, Julian date, average water 

temperature, average pond depth, habitat type, interaction effects of Julian date*habitat, and 

average depth*habitat. Pond was included as a random effect. Water temperature and depth 

were not collected from all ponds sampled both years. We used the mean of datalogger 

measurements for temperature and depth in the model and chose measurements closest to 

the time of salinity samples collected by hand. The mean datalogger measurements were 

included in the model. We fitted a smoothing term to Julian date to account for the nonlinear 

behavior of the predictor and checked for collinearity between predictors using variance 

inflation factors. Akaike's Information Criterion (AICc) was used to select the most 

parsimonious model (Akaike 1998) to describe environmental influences on salinity locally.

To analyze the invertebrate data, we focused on the most abundant taxonomic groups 

found in the benthic grab samples since these were most likely food for spectacled eiders. We 

sorted and identified plankton samples but did not quantify them as collection methods were 

not standardized due to variable pond depths, particularly depth less than the diameter of the 

plankton net used. For benthic samples, we included zooplankton as part of the analysis as 

sediment stirring is common with shallow depths, and because eiders will stir up organisms 
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between the water column and benthic matter while foraging in shallow depths. We tested for 

variation in the proportion of the three most abundant taxonomic groups using negative 

binomial models to account for over dispersion and used invertebrate groups as response 

variables with Julian date, salinity, depth, and habitat type as predictor variables in the model. 

We fitted these models using the untransformed count data (O'Hara and Kotze 2010).

To test for differences in invertebrate composition between brood used and unused 

ponds in 2011, we used a generalized linear model with binomial distribution and a logit link. 

Predictors in the model included Julian date, salinity, depth, habitat type, and invertebrate 

group. The most abundant invertebrates were grouped under Chironomidae, Annelida, 

Copepoda, and Cladocera. Because of over dispersion in the models, we used negative 

binomial methods and did not transform the count data (O'Hara and Kotze 2010).

1.4 Results

Total precipitation at Kigigak Island for May and June combined was similar between 

years, but July 2011 had more rain (71.5 mm) than 2012 (24.8 mm). Total precipitation from 

May - July was 93.45 mm in 2011 and 48.55 mm in 2012. May and June temperatures were 

cooler in 2012 than 2011, but July was warmer with less precipitation (Table 1.1). Daily mean 

water temperature was similar between years and ranged from 7-17 oC during 2011 and 6-17 oC 

in 2012 and the daily temperature pattern was the same between ponds in different vegetation 

habitats (Figure 1.3).

High sedge habitat was the most common vegetation type present in the study area, 

constituting about 1/3 of the entire island, but made up about 2/3 of the vegetation habitat 
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available for nesting and brood rearing (Figure 1.2). Correspondingly, a larger number of pond 

salinity samples were collected within this habitat (42%, n=781). The dwarf shrub upland 

habitat was present in areas of highest elevation on the island, which was also the smallest in 

total area, thus a limited number of ponds available to be sampled.

Salinity samples in June 2011 were collected island-wide over two periods, June 6th-9th 

and 21st-23rd (Table 1.2). The average salinity across all habitats between the two periods was 

7.6 ppt ± 0.2 and was highest in the high sedge habitat (9.7 ppt) and lowest in the dwarf shrub 

(3.5 ppt, Table 1.3). Average salinity ranged from 3.1 - 4.5 ppt for four of the five habitats with 

dwarf shrub being the lowest, while the high sedge average salinity was 9.7 ppt ± 0.3. Salinity 

levels increased among all habitats within the two periods. High sedge increased the most (8.2 

to 13.1 ppt) and dwarf shrub the least (3.0 to 3.4 ppt). Overall, during the nesting period for 

June 2011, pond salinity ranged from 0.0 ppt - 21.8 ppt with an average salinity of 9.1 ppt at 

hatch. Mean hatch date for spectacled eiders in 2011 was 21 June (14 June - 10 July). During 

the brood rearing period, salinity within brood observation areas averaged 8.4 ppt ± 0.41 

among sampling locations across all habitats between 1 - 23 July, highest in the high sedge 

averaging 12.1 ppt (10.1-13.55) and lowest in the dwarf shrub averaging 5.0 ppt (4.7-5.7, Table 

1.3).

In 2012, mean hatch date was 2 July (21 June - 15 July), 11 days later than 2011. 

Salinity ranged from 0.5 ppt - 23.9 ppt prior to hatch. Two island-wide salinity efforts were 

conducted in June, one in August, and extensively within brood viewing areas of towers (Table 

4). Average salinity at hatch was 8.3 ppt ± 0.22. Average pond salinity exceeded 6 ppt in the 

high graminoid, high sedge and mixed high graminoid - dwarf shrub habitats at hatch. Salinity 
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averaged 10.3 ppt ± 0.13 among sampling locations at observation sites across all habitats 

during brood rearing between 4-30 July. As in 2011, the high sedge habitat had the highest 

average salinity but was similar to the mixed high-graminoid shrub prior to peak hatch (Table 

5). High sedge habitat had an average increase in salinity of 4.1 ppt (9.5 to 13.6 ppt) and the 

other three habitats each increased about 1 ppt during the brood rearing period (Figure 9). 

Minimum observed values ranged from 0.7 - 5.3 ppt and max values between 7.4 - 23.9 ppt. 

Overall, in 2012, average salinity across habitats was lower than in 2011 prior to hatch but 

higher during brood rearing (Figure 1.4). The range of salinity values with combined years 

showed the largest range in high sedge habitat, and lowest in the dwarf shrub (Figure 1.5). 

Salinity typically increased at a similar rate amongst the dwarf shrub, high graminoid, and 

mixed high graminoid - shrub habitats with Julian date, but increased at a faster rate in the 

high sedge (Figure 1.6).

The top salinity model included year, habitat, average temperature, Julian date*habitat, 

and average depth*habitat interactions (Table 1.6). The model also included pond as a random 

effect to account for uneven sampling and repeated measures. High sedge habitat was highly 

correlated with salinity in the model (β=6.04, SE=0.59). Salinity showed a nonlinear relationship 

with Julian date and mostly increased during the season (Figure 1.5, Table 1.3, 1.5). There was 

a positive interaction of Julian date*habitat in the model, and a positive depth*habitat 

interaction for high graminoid and a negative interaction for the high sedge habitat (Table 1.6). 

Depth alone was not an important predictor in the model. Dwarf shrub and mixed high 

graminoid-shrub showed little association with depth, but salinity declined with pond depth in 

high sedge habitat and increased with depth in the high graminoid habitat (Figure 1.7).
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Temperature overall had a positive effect on salinity but was different between years indicating 

an unclear pattern (Table 1.6, Figure 1.8).

The zooplankton community identified primarily consisted of calanoid copepods 

(Eurytemora, Limnocalanus) and other crustaceans (Cyclopoida, Harpacticoida, Ostracoda). 

Daphnia were also present. Eurytemora and Harpacticoida were nearly ubiquitous in ponds 

sampled in both years (Table 1.7). Copepod nauplii were captured in 54% of plankton samples 

in 2011, but in just 6% of samples in 2012. We identified five major invertebrate groups: 

Copepoda, Cladocera, Ostracoda, Chironomidae, and Annelida. Copepoda consisted of 

Limnocalanus, Eurytemora, Harpacticoida, and Cyclopoida. The Cladocera group was primarily 

composed of Daphnia, Chydoridae, and ephippia resting eggs. Samples collected showed little 

variation outside of these main taxonomic groups.

Chironomidae and Annelida were the most common benthic taxa found (Table 1.7). 

Nematoda were also common, but we did not classify them as a potential food item. Planktonic 

copepod species were also common in the benthic samples and were likely the result of 

sediment stirring from sample collecting in shallow water depths. Chironomidae were present 

in >96% of pond samples in both years and Annelida were found in > 87% of samples in both 

years. Whole seeds were not recorded but were present in very small numbers in few samples 

and were not included in the analysis. Daphnia (planktonic) and Chydoridae (benthic) are 

taxonomic groups that were not found in our pond samples with salinity above 7.7 ppt and are 

most commonly found in fresh to slightly brackish water (Frey 1993). In our samples, 

Cladocerans made up 12 and 15% of total invertebrates collected in ponds from 0-5 ppt in 2011 

and 2012 but made up less than 1% of the total in ponds 5 ppt or higher (Figure 1.10).
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In 2011, ponds that were sampled for invertebrates did not show an overall clear pattern 

with Julian date (Figure 1.11). Copepoda abundance and salinity were positively related 

(β=0.12, SE=0.04) and showed a weak negative correlation with Julian date (β=-0.02, SE=0.01). 

Chironomidae abundance showed a positive association with salinity (β=0.09, SE=0.03) and a 

weak negative association with Julian Date (β= -0.01, SE=0.01). Annelida showed no 

significance but had a negative association with Julian date (β=-0.02, SE=0.02) and was 

positively associated with salinity (β=0.15, SE=0.06). The overall pattern of invertebrate 

abundance appeared to be highest during the early sampling period with each invertebrate 

group increasing with Julian date in the dwarf shrub habitat but stable or declining with Julian 

date in high sedge, high graminoid, and mixed high graminoid - shrub habitats (Figure 1.11).

In 2012, total invertebrate abundance was lowest in the dwarf shrub habitat and highest 

in the mixed high graminoid-dwarf shrub habitat (Figure 1.12). The dwarf shrub habitat was 

consistently lowest in invertebrate abundance amongst habitats for all taxonomic groups with 

the exception of high abundance of copepods during the initial sampling period. In 2012, 

copepod abundance declined with Julian date (β=-0.06, SE=0.01) and increased with salinity 

(β=0.02, SE=0.04) although salinity was not significant (Figure 1.12). The model did not describe 

chironomid abundance, as no predictors were significant in the model. However, abundance 

appeared to be relatively stable throughout the brood rearing period (Figure 1.12). Annelid 

abundance appeared to increase with Julian date (β=0.06, SE=0.01) but salinity was not 

significant. Ponds that were sampled for salinity and invertebrates (Chironomidae, Annelida, 

Copepoda, Cladocera) in brood used and unused ponds showed no correlations based on Julian 

date, salinity, habitat type, or invertebrate taxa abundance.
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1.5 Discussion

In general, for both years of this study, pond salinity levels were lowest after the initial 

spring breakup, and progressively increased during the summer as pond depth decreased 

(Figure 1.3), consistent with other studies (O'Connell 2001, Green et al. 2005). In 2011, salinity 

of ponds stabilized during July coinciding with significant rainfall (Figure 1.3, Datalogger Salinity 

2011). Ponds at the highest salinity levels were associated with the shallowest water depth, 

often 4 cm or less. Few ponds on the island are fresh, but those that are occur at the highest 

elevation and are mainly surrounded by dwarf shrub upland vegetation. Storms, winter snow 

melt, spring temperature, and rainfall all can affect pond salinity and 2011 and 2012 were very 

different years in these regards. Fall storm events are common along the coast of western 

Alaska, but during 8-9 November 2011, a storm surge much larger than normal inundated 

Kigigak Island and most of the coastal YKD with seawater. Flood levels reached a height of 

more than 3 m and carried seawater 15 km inland throughout most of the coastal region with a 

maximum inland distance of 32 km (Terenzi et al. 2014). The storm surge was likely the largest 

since 1974, with 2005 also having a large surge event (Terenzi et al. 2014). In May 2012, when 

camp was deployed, evidence of the storm was readily apparent with numerous large ice 

deposits scattered around the island as well as sections of uprooted tundra that had been 

displaced by the storm. It appeared that nearly the entire island was covered by water except 

for a few places on upland dwarf shrub terraces where visible evidence of debris was not 

observed. The water that covered the island froze 10-15 cm thick over winter. As a result, 

spring breakup was delayed as drainage in sloughs was slowed, resulting in flooding of lowland 

areas until drainage finally occurred. Nest initiation in 2012 was about ten days later and 
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salinity sampling began about one week later than in 2011. Lower overall salinity during the 

first two weeks post breakup was likely attributed to an excess of melt water and snow mixing 

during the breakup and draining process, thus diluting any increase in salinity that may have 

occurred from the November storm surge.

Ponds at Kigigak Island are dynamic with salinity levels fluctuating widely, both within 

and between vegetated habitats. In 2011, average salinity was lower during July than during 

late June and was likely due to increased precipitation during the month of July (Table 1). There 

was a wide range of salinity across ponds in both years (0 ppt - 23.9 ppt). The highest areas of 

pond salinity typically included high sedge areas with tidal sloughs with direct inflow from the 

Bering Sea or Ninglick River (Fig. 1.1). Salinity was lower in 2012 during June but was higher in 

July than in 2011 and was likely dictated by low rainfall throughout the summer (Table 1.1). 

Banks were full to capacity from the prior winter at the start of spring, but little rainfall 

throughout the summer led to higher salinity during July.

We did not measure elevation differences between habitats for this study, but elevation 

certainly affects salinity levels in the ponds and may partially explain salinity differences 

between vegetated habitats, particularly the dwarf shrub upland terraces where ponds are 

oligosaline, and the rest of the lower lying vegetated mesosaline habitats, such as high sedge 

that are more susceptible to inundation and tidal behavior. The dwarf shrub upland is only 

inundated under extreme conditions. Overall, we did not observe any drastic changes in 

salinity within individual ponds during the course of either season of this study. However, 

salinity levels followed similar patterns between years, typically increasing with Julian date.
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Strong temperature fluctuations, frequent brackish water inundation, and possibility of 

drought are all conditions that may occur in these coastal wetlands, and species that survive 

and thrive in these environments must be resilient to a wide range of environmental variables. 

Additionally, most of these ponds freeze to the bottom during the winter. Fish were not noted 

in the ponds besides small stickleback species on occasion, which may otherwise affect 

invertebrate densities within. Ponds at Kigigak are shallow, often 27 cm or less and 

temperatures fluctuate widely on a daily basis (Figure 1.3). Eurytemora was the most common 

plankton group found in both seasons. Coastal Alaska is considered one of the richest areas for 

diversity of Eurytemora, a genus that may also tolerate one of the broadest salinity ranges of 

any copepod (Dodson et al. 2010). Temperature and salinity are important factors that trigger 

reproductive change (Karlsson et al. 2018). Copepod nauplii were prevalent in many samples in 

2011 but were found in few ponds in 2012. This suggested a seasonal difference in 

reproductive timing and may have been related to a difference in timing of spring thawing 

between years with temperatures much warmer in May 2011 than 2012, which in turn 

increased salinity levels earlier in the summer.

At the Kashunuk River about 60 miles north of Kigigak Island, O'Connell (2001) found 

that invertebrate abundance varied among habitat types and declined with date. 

Environmental conditions may strongly influence spectacled eider duckling survival, particularly 

when foraging conditions are inadequate (Flint et al. 2006). Chironomidae are an important 

food source for spectacled eiders on the breeding grounds (Dau 1974, Kitschinski and Flint 

1974), and these results indicate that prey abundance was likely adequate through at least the
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first 30 days post hatch. Both Chironomidae and Annelida likely provide the highest biomass 

yield within ponds at Kigigak as broods typically fed in the bottom substrate.

The invertebrate regression models highlight the difficulty of modeling seasonal changes 

in invertebrate abundance in brackish coastal wetlands and we took a conservative approach to 

interpreting the results. We based our models on the most abundant invertebrate taxonomic 

groups found, assuming these would be the most available food items in ponds for spectacled 

eider broods. Our models were not able to capture what drives invertebrate abundance within 

the ponds. This could be partially explained by the fact that several taxa, including the most 

prevalent copepod genus Eurytemora, are euryhaline (Wilson and Tash 1966). Therefore, it is 

possible that the salinities observed on Kigigak Island were well within the tolerances for most 

of the invertebrate species found. Taxonomic richness of common invertebrate taxonomic 

groups was relatively small and similar across ponds within and between vegetation habitats. 

We did not record Cladocerans (Daphnia and Chydoridae) in ponds above 7.5 ppt, indicating 

their presence in low salinity environments (Frey 1993, Green et al. 2005). Our taxonomic 

identifications were coarse and not to species level, so we may have seen more variation 

among species within other taxonomic groups. Other studies investigating invertebrate 

composition over a broad salinity range noted an increase in biomass of zooplankton from 

oligosaline to mesosaline environments, corresponding with a decline in taxa richness with an 

increase in salinity (Wollheim and Lovvorn 1996). We did not calculate biomass, but our most 

common taxa, Eurytemora, Harpacticoida, Annelida, and Chironomidae were present at all 

salinity levels recorded (0.7-16.1 ppt).
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Many pond samples had open seed hulls, indicating that seed hulls present were from 

prior seasons or that seeds had already germinated by the time of sampling during brood 

rearing. This differed from the lower Kashunuk River where seeds were among the most 

available items to spectacled eiders throughout the nesting and brood rearing season 

(O'Connell 2001).

Invertebrate abundance is dictated by a complexity of factors, and we were not able to 

describe how these changes occur within and between years. Factors and conditions affecting 

reproductive timing of invertebrates can be complex. For example, some Calanoid copepods 

are excellent bet hedgers where their resting eggs can survive for over 300 years (Hairston et al. 

1995). Daphnia exhibit maternal effects, passing on information about food and photoperiod 

to offspring (Alekseev and Lampert 2001). Our findings suggest that there are a few common 

invertebrate taxonomic groups present at Kigigak Island that are adaptable to a broad range of 

salinity, a fluctuating hydroperiod, and large temperature changes.

We did not find differences between spectacled eider brood used and unused ponds 

based on pond salinity or invertebrates present in 2011. For invertebrates, this suggests that 

food may not be a limiting factor in use of ponds in brood rearing habitat and we suspect this 

may be at least partially because the ponds we surveyed are similar in invertebrate composition 

and abundance, particularly as many of these ponds within sites show at least some partial 

degree of connectivity. Additionally, salinity levels are variable but in general may be within a 

tolerance threshold if time spent in ponds is balanced with an alternative freshwater source for 

drinking while salt glands develop. Salinity effects are further addressed in Chapter 2.
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This study did not focus on the presence of rare species encountered, although some 

such as Anostraca were collected from a single freshwater pond in 2010 but not seen in either 

year of this study. The dispersal strategies of invertebrate species on the coastal Yukon- 

Kuskowkim delta is likely dependent on seasonal storms creating flooding, high tides, wind, 

waterfowl, in addition to hydroperiod, salinity, and temperature. The dynamic nature of ponds 

in this ecosystem and the brackish nature of the ponds, eludes to a limited number of common 

invertebrate and zooplankton taxa. Those that are present appear to be tolerant of a wide 

range of salinity and some species may have the capacity to withstand short hydroperiods 

through resting egg stages that allow certain species to recolonize when conditions allow. 

Additionally, the abundance of waterbirds on the Yukon - Kuskokwim Delta as dispersers of 

aquatic invertebrates likely aids in colonization of ponds by certain species via internal passage 

or feet and feathers (Frisch et al. 2007).

The environmental data described provides baseline information on the salinity ranges 

and invertebrates present in ponds during brood rearing for spectacled eiders at Kigigak Island. 

Ponds are shallow and most lack emergent vegetation, limiting species diversity. Fish are not 

present in the ponds besides occasional stickleback species so most invertebrate predation is 

likely by water birds. We noted that the common invertebrate groups found were present in 

nearly all samples over a wide range of salinity, that salinity did not dictate individual pond use, 

and that food was not likely a limiting factor in use of ponds by spectacled eider broods at 

Kigigak Island.
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1.7 Figures

Figure 1.1. The location of the study area, Kigigak Island, located on the coastal Yukon- 
Kuskokwim Delta, Alaska.
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Figure 1.2. Map of the habitat classification of vegetation types on Kigigak Island, Alaska.
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Figure 1.3. Average salinity, pressure, and water temperature from datalogger ponds in 2011 
(top row) and 2012 (bottom row). Habitat types are dwarf shrub (DS), high graminoid (HG), high 
sedge (HS), and mixed high graminoid-shrub (MHGS).
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Figure 1.4. Salinity gradient maps of sampled ponds at Kigigak Island, AK for 2011 and 2012.



Figure 1.5. Salinity (ppt) by habitat for 2011 and 2012 combined at Kigigak Island, AK. 
Habitat types are dwarf shrub (DS), high graminoid (HG), high sedge (HS), and mixed high 
graminoid - shrub (MHGS).
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Figure 1.6. Range of salinity (ppt) by Julian Date for 2011 and 2012 at Kigigak Island, AK. 
Trend lines are based on mean values with 95% confidence intervals as shaded regions. 
Habitat types are dwarf shrub (DS), high graminoid (HG), high sedge (HS), and mixed high 
graminoid - shrub (MHGS).
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Figure 1.7. Range of salinity by average depth of sampled ponds in 2011 and 2012 
combined at Kigigak Island, AK. Trend lines are based on mean values with 95% confidence 
intervals as shaded regions. Habitat types are dwarf shrub (DS), high graminoid (HG), high 
sedge (HS), and mixed high graminoid - shrub (MHGS).
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Figure 1.8. Range of salinity by average temperature of sampled ponds in 2011 and 2012 
combined at Kigigak Island, AK. Trend lines are based on mean values with 95% confidence 
intervals as shaded regions. Habitat types are dwarf shrub (DS), high graminoid (HG), high 
sedge (HS), and mixed high graminoid - shrub (MHGS).
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Figure 1.9. Average salinity values ± SE for each of four habitat types during four sampling 
periods during the brood rearing period in 2012.

Figure 1.10. Proportion of the most common taxonomic groups collected from benthic 
samples during the brood rearing period in 2011 and 2012.
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Figure 1.11. 2011 mean invertebrate abundance ± SE from subsamples. Ponds were 
selected within a 300 m radius of observation towers. Habitat types are dwarf shrub (DS), 
high graminoid (HG), high sedge (HS), and mixed high graminoid - shrub (MHGS).
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Figure 1.12. 2012 mean invertebrate abundance ± SE from subsamples. Ponds were 
randomly chosen within habitats, outside the viewing radius of the towers. Habitat types are 
dwarf shrub (DS), high graminoid (HG), high sedge (HS), and mixed high graminoid - shrub 
(MHGS).
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1.8 Tables

on Kigigak Island, Alaska in 2011 and 2012.
Table 1.1. Mean monthly temperature (± SE) and total precipitation at the weather station

May 16-31 June July August 1-12
Year Temp 

(°C)
Precip. 
(mm)

Temp 
(°C)

Precip. 
(mm)

Temp 
(°C)

Precip. 
(mm)

Temp 
(°C)

Precip. 
(mm)

2011
6.7 ±
0.2 13.7

8.5 ±
0.1 8.3 9.0 ± 0.1 71.5 9.2 ± 0.1 56.3

2012
1.4 ±
0.3 1

6.3 ±
0.1 22.8

10.0 ±
0.1 24.8

10.8 ±
0.2 6.1

Table 1.2. Salinity (ppt) measurements at Kigigak Island, 2011.
Date Mean n SD Min Max Sampling Type

6/6-6/10 6.7 308 3.8 0 22 Nest areas
6/21-6/23 9.1 184 4.9 0.4 21.8 Nest areas
7/1-7/23 8.2 75 3.7 2.7 16.2 ≤ 300 m radius of 

towers

Table 1.3. Average 2011 salinity (ppt) measurements by habitat type.
Date DS n HG N HS n MHGS N

6/6-6/10 3.0 15 3.5 31 8.2 206 3.8 56
6/21-6/23 3.4 7 5.2 41 13.1 92 5.4 44
7/1-7/23 5 10 6.0 23 12.1 30 6.2 18

Table 1.4. Salinity (ppt) measurements at Kigigak Island, 2012.
Date Mean n SD Min Max Sampling Type

6/13-6/15 5.8 259 2.5 0.5 16.6 Island wide
6/29-7/2 8.2 222 3.3 1.8 17.8 Island wide
7/4-7/30 9.9 905 4 1.6 23.9 ≤ 300 m radius of towers
7/31-8/2 10.5 182 3.8 2.5 22.6 Island wide
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Table 1.5. Average 2012 salinity (ppt) measurements by habitat type.
Date DS n HG n HS n MHGS N

6/13-6/15 2.4 5 4.7 43 6.0 148 6.4 63
6/29-7/2 4.1 5 6.5 40 8.8 121 8.6 56
7/6-7/30 4.9 134 10.3 260 12.9 281 9.2 217
7/31-8/2 5.4 5 7.9 39 12.0 83 10.5 54

Table 1.6. Final additive model from a mixed model analysis of variables that drive salinity 
from 746 ponds at Kigigak Island, AK (n=1881 samples). Fixed effects and smoothing 
function for Julian date are described in the Methods section.

Estimate SE t -value p-value Significance
(Intercept) 5.23 0.50 10.50 < 2e-16 ***
Year2012 0.51 0.09 5.70 1.5e-08 ***
HabitatHG 0.44 0.53 0.84 0.40
HabitatHS 6.04 0.59 10.33 < 2e-16 ***
HabitatMHGS 1.04 0.58 1.80 0.07
AvgDepth -0.23 0.66 -0.35 0.72
AvgTemp 0.03 0.01 3.89 0.000 ***
HabitatHG:AvgDepth 2.03 0.74 2.74 0.01 **
HabitatHS:AvgDepth -1.82 0.77 -2.37 0.02 **
HabitatMHGS:AvgDepth 0.71 0.79 0.89 0.37

Approximate significance of smooth terms
edf F p-value Significance

s(JD):HabitatDS 1 134.74 <2e-16 ***
s(JD):HabitatHG 2.43 324.05 <2e-16 ***
s(JD):HabitatHS 5.31 86.47 <2e-16 ***
s(JD):HabitatMHGS 6.34 216.45 <2e-16 ***

R-sq.(adj) = 0.45

Note: Random factor is pond. Year2011 serves as a baseline for the Year category and 
HabitatDS serve as baseline for the habitat and habitat interaction categories (represented 
by
the intercept). Significance levels: ***P=0, **P<0.02.

41



Table 1.7. Percent composition of plankton and macroinvertebrates averaged across the 
sampled ponds at Kigigak Island, Alaska.

2011 2012
Harpacticoida 97% Chironomidae 99%
Annelid 97% Harpacticoida 96%
Chironomidae 96% Eurytemora 95%
Eurytemora 93% Nematoda 91%
Nematoda 93% Ostracoda 88%
Ostracoda 80% Annelid 87%
Cyclopoid 66% Ephippia 33%
Nauplii 39% Limnocalanus 23%
Limnocalanus 28% Daphnia 21%
Ephippia 21% Cyclopoid 14%
Winged 14% Nauplii 3%
Daphnia 9% Winged 3%
Chydorid 7% Caddis case 3%
Seed 3% Seed 3%

Chydorid 1%
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Chapter 2: Habitat use of spectacled eider (Somateria fischeri) broods on the Yukon- 
Kuskokwim Delta, Alaska2

2Graff, N.R. and M.S. Lindberg. Habitat use of spectacled eider (Somateria fischeri) broods on the Yukon- 
Kuskokwim Delta, Alaska. To be submitted for publication in Ecosphere.

2.1 Abstract

The spectacled eider (Somateria fischeri) is a sea duck species listed as ‘threatened' 

under the Endangered Species Act that breeds in low, coastal tundra areas of the Arctic and 

subarctic. Previous studies suggest that local environmental conditions within ponds may 

impact growth and survival of ducklings, yet little is known regarding conditions of ponds at 

Kigigak Island, AK a high-density nesting and brood rearing area. We examined spectacled 

eider brood use of ponds from 2011-2012 through observational study to determine brood 

occupancy and evaluate factors influencing habitat use. We conducted brood observations 

within a 300m radius of elevated towers at five sites within three vegetation habitat 

assemblages in known brood rearing habitat. We used a robust design occupancy model to 

estimate detection, extinction, and occupancy probabilities and a separate model to 

investigate salinity effects on occupancy. Results showed that detection probability was 

strongly influenced by an interaction of observer hours and year and ranged from 0.17 

(SE=0.05) to 0.35 (SE=0.06). Extinction probability was 0.38 (SE=0.11) suggesting that 

individual pond use varied by year. Overall occupancy estimates were similar among habitat 

assemblages and year estimates ranged from 0.43 (SE=0.06) to 0.59 (SE=0.05). Variation in 

brood occupancy was not related to differences in salinity among ponds for broods ≥ 10 
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days of age suggesting that salinity was not a predictor of pond use for older broods. Our 

results provide baseline information on occupancy for spectacled eider broods and suggest 

that suitable habitat availability is high amongst habitat assemblages at Kigigak Island.

2.2 Introduction

The spectacled eider (Somateria fischeri) is a sea duck species that spends most of 

the year in the Bering Sea, coming to land only to breed and raise young. It was listed as 

‘threatened' under the Endangered Species Act in 1993 due to population declines from the 

1950s to the 1990s on the Yukon-Kuskokwim Delta (YKD) of Alaska (Federal Register 1993, 

Stehn et al. 1993). Spectacled eider pair numbers were estimated at less than 2,000 pairs in 

1992 (Stehn et al. 1993). Since the listing, numbers on the YKD have increased to 

approximately 6,000 breeding pairs (Swaim et al. 2017). Many studies regarding the 

breeding biology of the species on the YKD have taken place since the listing decision such as 

nesting productivity (e.g. Grand and Flint 1997, Moran 2000) incubation behavior (e.g. Flint 

and Grand 1999), contaminants (e.g. Franson et al. 1998, Grand et al. 1998, 2002), adult and 

juvenile survival (e.g. Flint et al. 2000, 2006, Solovyeva et al. 2017), as well as annual nest 

monitoring most years since the early 1990s (e.g. Harwood and Moran 1991, Gabrielson and 

Spragens 2013).

Despite these many studies, little is known about habitat use of spectacled eider 

females and broods post hatch, factors that may influence use, and consequences for 

population processes. Flint et al. (2006) suggested that duckling survival is not likely 

consistent across the YKD and environmental conditions related to wetland salinity and 
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foraging conditions may have impact on duckling survival. The mechanisms through which 

spectacled eider ducklings manage salinity exposure in the wild and how salinity levels 

impact growth and survival are unknown.

Ducklings have a limited tolerance to salinity during the first few days after hatch as 

their nasal salt glands develop, with growth rates decreasing and mortality rates increasing 

with level of intake and duration of exposure (Moorman et al. 1991, DeVink et al. 2005). At 

the lower Kashunuk River on the YKD, northern pintails (Anas acuta), greater scaup (Aythya 

marila), and spectacled eiders moved their ducklings from nesting areas with ponds of 

higher salinity to brood rearing areas with deeper ponds, lower salinity, and increased 

invertebrate abundance(Grand et al. 1997, O'Connell 2001). Duckling mortality is typically 

highest during the first ten days post hatch (Guyn and Clark 1999, Corcoran et al. 2007). 

During this critical time period, female spectacled eiders may lead their broods 8 km or more 

from the nest site to brood rearing areas (Flint et al. 2006). Mortality during this early 

period can often be associated with cold weather exposure and predation (Flint and Grand 

1997). However, ducklings hatched from females in better body condition may also have 

higher first-week survival (Paasivaara and Poysa 2007).

Climate change may also impact spectacled eiders as they spend most of their time in 

the Bering sea and their breeding habitat is in low elevation coastal areas. Periods of low 

and high sea ice in the Bering Sea may negatively influence survival of spectacled eiders 

during the winter (Flint et al. 2016, Christie et al. 2018). Changes in the intensity and 

frequency of storms, increases in temperature and sea level rise, as well as changes in 
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rainfall and freshwater input all may affect coastal habitats where eiders breed (Day et al. 

2008). The YKD may be the most vulnerable region to climate change in the Arctic due to its 

low-lying elevation, permafrost degradation, and projections of sea level rise with 

decreasing sea ice and increased storm potential (Jorgenson et al. 2018). These storms may 

increase the frequency of flooding of breeding areas with saline water, which would be 

detrimental to duckling growth and development.

We examined spectacled eider brood habitat use at a high-density nesting and brood 

rearing island on the Yukon-Kuskokwim Delta. Our main objective was to examine brood 

occupancy of ponds within habitat assemblages and to evaluate factors influencing pond 

occupancy. We hypothesized that pond use by spectacled eider broods would be higher in 

areas with lower salinity ponds (< 6 ppt) irrespective of habitat type early in brood rearing 

and that this relationship would dissipate later in the season as broods age and were better 

able to manage saline conditions.

2.3 Methods

2.3.1 Study Area

Kigigak Island is along the coastal region of the YKD of Alaska, located north of Nelson 

Island, at the mouth of Baird Inlet (Figure 2.1). The island is bordered by the Bering Sea to the 

west, the Ninglick River to the northeast, and Baird Inlet to the southeast. The area has 

numerous interconnected tidal sloughs and ponds, many form mudflats at low tide. Most 

non-tidal ponds are shallow (<40 cm) and some may dry up completely during the summer if 

rainfall is low. Most non-tidal ponds are brackish but are just high enough in elevation to not 
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flood regularly during the breeding season. Flooding occurs during seasonal storms, 

oftentimes in the fall, and occasionally during spring snowmelt (Jorgenson and Ely 2001). The 

island is a mosaic of sloughs, ponds, and interconnected wetlands of variable shape. 

Vegetation habitats include low sedge, intermediate sedge, high sedge, high graminoid, dwarf 

shrub, and mixed high graminoid -shrub, similar to those of previous studies on the YKD (Table 

2.1, Tande and Jennings 1986, Grand et al. 1997, O'Connell 2001). Kigigak Island supports high 

density nesting of spectacled eiders as well as a variety of other waterfowl, loons, shorebirds, 

and gulls.

2.3.2 Brood Observations

We observed spectacled eider broods from five 2.5 m tall towers with enclosed 

blinds to conceal the observer but allow for visibility in all directions. We placed towers in 

areas known to be important for brood-rearing spectacled eiders based on prior brood 

observations (B.C. Lake, unpublished data), across a range of vegetation types found on the 

island, and to maximize the number of ponds visible to test for differences in salinity and 

invertebrate assemblages between used and unused ponds (Graff Chapter 1). The four main 

vegetation classes for brood rearing habitat at Kigigak Island included dwarf shrub upland, 

high graminoid meadow, high sedge meadow, and mixed high graminoid - shrub meadow 

(Table 2.1, Grand et al. 1997). We placed two towers in the high sedge (HS) habitat that 

constitutes > 1/3 of the island and ~2/3 of the available nesting and brood rearing habitat for 

spectacled eiders. We also placed a tower in dwarf shrub/high graminoid (DS/HG), and two 

towers in mixed high graminoid-shrub/high graminoid areas (MHGS/HG, Figure 2.1). Habitat 

47



delineation was based on prior habitat classification (C. Ely unpublished data), aerial 

imagery, and ground truthing that involved walking transects and recording the dominant 

vegetation type present. Habitat types are associated with easily detectable changes in 

vegetation and elevation. Observations were conducted within a 300 m viewing radius of a 

tower (Laing and Raveling 1993). There was some overlap of habitat type within the 

observation radii of towers except in the high sedge, due to size of these habitats and 

locations of the towers. We categorized habitat types within these radii by assemblages of 

the habitat types. Tower observation days were randomly chosen daily for observers, and 

observation days were spread evenly amongst the 5 tower sites. Because we did not 

randomly select tower locations, our inferences apply only to the sampling sites. However, 

we sampled sites in areas known to be important for brood rearing spectacled eiders and 

therefore provide information useful to understanding how broods use these sites within 

habitat areas.

We waited 30 minutes after entering a tower before beginning observations, to allow 

time for birds to resume their normal activity following the disturbance of walking to the 

tower (Keller 1991). We scanned the viewing area for spectacled eiders and rotated from 

each of four viewing windows until a brood was seen. Adult females with broods were 

observed with binoculars and 20-60x spotting scopes. We defined a used pond as one 

where a brood was observed actively foraging for ≥ 5 minutes. Unused ponds were defined 

as ponds with < 5 min of brood foraging activity. If a brood was not visible, left the viewing 

area, or became inactive on land for > 5 minutes, the observational field of view was 

scanned until the next brood was located. Observation times generally took place between

48



10:00 and 22:00 but a few observations were conducted earlier and later. We defined 

habitat use as brood foraging presence for ≥ 5 minutes in a pond within a habitat 

assemblage during an observation session. Use was assigned to broods as a group rather 

than to individual ducklings, as in most cases the entire brood mimics the hen's behavior 

(Thomas and Taylor 1990).

We sampled randomly selected used and unused ponds within sites for salinity and 

invertebrates in 2011, but only sampled salinity from all ponds within viewing radius of a 

tower at sites in 2012 (Chapter 1). We calculated the number of broods seen per 

observation session by recording whether or not an adult female had a numerically color- 

coded nasal saddle for identification, the number of ducklings in the brood, and size class of 

ducklings, when possible using the classification system of Southwick (1953). If there were 

more than one observation of a marked (or unmarked) female with the same size and 

number of ducklings in its brood during an observation day, we used the amount of time 

between observations and distance between brood locations to determine if it was likely the 

same brood to avoid double counting broods. If determined that a brood could be the same, 

we recorded the observation as the same brood, thus we likely underestimated the number 

of broods seen at tower locations.

2.3.3 Data Analysis

For spectacled eider broods, we evaluated pond occupancy probability, extinction 

probability, and detection probability using a robust design occupancy model (MacKenzie et 

al. 2003) in Program MARK (White and Burnham 1999). The sampling design for this model 
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uses primary and secondary sampling occasions. Primary occasions are sampled at intervals 

over which changes in occupancy can occur. Secondary occasions are sampled at shorter 

intervals within primary occasions over which occupancy is assumed to be constant (i.e., the 

population is assumed closed) (MacKenzie et al. 2003). Primary occasions for this model 

were years (2011, 2012), and each primary occasion included three secondary occasions 

composed of blocks of 7-10 consecutive days. With this design, we had at least two 

observation sessions per tower for each secondary occasion. Each pond, within a 300 m 

radius of a tower, was uniquely identified and used ponds were recorded during each 

observation session. Each pond received a ‘1' if used to forage for ≥ 5 minutes during any 

observation session within a given secondary occasion, or a ‘0' if < 5 minutes of use or no 

foraging behavior was observed during any of the observation sessions during a secondary 

occasion. Our models included two primary occasions and six total secondary occasions 

(Figure 2.2).

We modeled probabilities for detection (p), extinction (e), and occupancy (Ψ) over 

two years, referred to as seasons in occupancy modeling. As brood detection probability is < 

1, we accounted for false absences (i.e. ponds used by broods but use was not observed 

during a secondary sampling occasion) by estimating detection probability, the probability 

that an eider brood is detected given that it is present during a secondary sampling occasion 

(MacKenzie et al. 2002). Extinction probability is the probability a pond becomes 

unoccupied at primary occasion t + 1 given it is occupied at primary occasion t (MacKenzie et 

al. 2017). Occupancy was defined as the probability a pond was foraged in for ≥ 5 minutes 

during a primary occasion by a brood.
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We first modeled detection probability while holding extinction and occupancy 

parameters in the model constant (MacKenzie et al. 2006, Ellis et al. 2014). We chose year, 

secondary sampling occasion (hereafter time), tower observation area (hereafter site), and 

the number of hours during each observation session (hereafter hours) as explanatory 

variables that we thought would best describe variation in detection probability. We used 

the Akaike's Information Criterion adjusted for sample size (AICc) to rank models of 

detection probability (Burnham and Anderson 2002).

We tested for site and habitat effects on occupancy probability because we were 

interested in differences in brood occupancy of ponds between sites and vegetation types. 

For the occupancy component of the model, we included a constant model, habitat and year 

main effects, and the interaction between habitat and year. For extinction probability, we 

included a constant model, site, and habitat effects. We included the top model for 

detection probability in all models for occupancy and extinction probability. We considered 

models < 2 AICc units from the top ranked model.

Using only data from 2012, we examined the effect of salinity on occupancy with a 

separate set of occupancy models (Figure 2.3). We truncated the data to include 

observations between 13 July and 28 July 2012. Observation data prior to 13 July were 

excluded from the model as we had few brood observations during early brood rearing. For 

these data, each of two 8-day primary sampling occasions had two 4-day secondary 

sampling occasions. This made the start of each primary occasion eight days apart and 

minimized the effect of time variation on salinity measurements. Salinity measurements of 

individual ponds at each tower location were sampled once per secondary occasion. Model 
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parameters included detection (p), extinction (e), and occupancy probabilities (Ψ).

Covariates for occupancy included a constant model, time, site, and salinity. We included a 

constant model for extinction probability. Detection probability variables included a 

constant model, observation hours, and the interaction between hours and time. These 

models were also ranked using AICc.

2.4 Results

In 2011, peak hatch of spectacled eiders occurred 21 June (range = 14 June-10 July).

Brood observations for 2011 were conducted by two observers resulting in 262.4 hours of 

observation. A total of 44 observation sessions were spread out over the five tower 

locations between 24 June and 24 July (mean number of observations per tower = 8.8, range 

= 6 - 11). In 2012, peak hatch occurred 2 July (range = 21 June - 15 July) with 285.5 hours of 

observation time during 55 observation sessions conducted by 4 observers between 3 July 

and 28 July (mean number of observations per tower = 11, range = 8 - 14). The average 

duration of an observation session over both years was 5.9 hours (range= 0.5-11 hours). 

Across all 5 observation towers, we monitored a total of 167 ponds for brood use with a 

mean of 33.4 ponds per tower (range: 31 - 37). We recorded 75 brood observations in 2011 

and 119 in 2012. Broods used ponds in all habitat types. Based on raw counts not corrected 

for detection (i.e., minimum estimates), the MHGS/HG habitat at tower 3 had the highest 

average number of broods seen per tower visit in 2011 (2.3 ± 0.6) and the second highest in 

2012 (2.4 ± 0.3). The HS habitat on the eastern side of the island had the fewest number of 

broods seen per day in both years (2011 = 1.3 ± 0.2, 2012 = 1.1 ± 0.4; Table 2.2).
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The top model structure for detection probability included an interaction between 

Year and Observation Hours. There were no other competing models as the next ranked 

model was over 5 AICc units higher, indicating little support from the data (Table 2.3). In 

2011, observation sessions averaged 6.3 hours, and ranged from 1.6-11 hours. Detection 

probability increased with observation hours (β=0.10, SE=0.03, Figure 2.4). In 2012, 

observation sessions averaged 5.5 hours, and ranged from 0.5-8.1 hours. Detection 

probability was nearly constant across observation hours in 2012 (β=0.01 SE=0.02, Figure 

2.5). Average detection probability across habitats during secondary sampling occasions 

ranged from 0.17 (SE=0.05) to 0.25 (SE=0.06) in 2011 and from 0.34 (SE=0.05) to 0.35 

(SE=0.06) in 2012.

After including the most supported model structure for detection, the top model for 

extinction and occupancy included the constant structure for extinction and site by year 

interaction for occupancy (Table 2.4). Based on the top model, extinction probability was 

0.38 (SE=0.11), indicating that 38% of ponds used by broods in 2011 were not used in 2012. 

The site by year interaction model indicated variable occupancy among sites, within and 

between years (Figure 2.6). High sedge site 1 was the most consistent for occupancy 

between years at about 50% with estimates at other sites ranging from 85% at the 

MHGS/HG site 3 in 2011 to 21% at the DS/HG site 2 in 2012; however, broad confidence 

intervals around all site-year estimates do not support inferring any site-year differences. 

Additional occupancy models that were supported by the data included habitat and the 

habitat by year interaction models (∆AICc 1.52 and 1.96, respectively; Table 2.4). When sites 

were grouped by habitat similarity, occupancy in the HS habitat and MHGS/HG habitat 
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assemblages in both years and occupancy in the DS/HG habitat assemblage in 2011 were 

similar between years (Figure 2.7). There was a pattern of lower occupancy in 2012 than 

2011 across all sites, but that difference was only supported in the DS/HG habitat 

assemblage. In the DS/HG habitat, occupancy was 60% lower in 2012 (0.21 ± 0.07) 

compared to 2011 (0.53 ± 0.15; Figure 2.7). The MHGS/HG habitat had the highest 

estimated occupancy in 2011 (0.67 ± 0.14), followed by HS habitat in 2011 (0.54 ± 0.13). The 

DS/HG had the highest variability among years and lowest occupancy estimates in 2012. 

Average brood occupancy across sites was 0.59 (SE=0.12) for 2011 and 0.43 (SE=0.07) for 

2012.

In 2012, we measured the salinity of 165 ponds within each of five tower radiuses 

during each secondary occasion (mean number of ponds measured per habitat 33 ± 4.1). 

Mean pond salinity across sites ranged from 6.5-13.8 ppt in primary occasion 1 and 6.9-14.3 

ppt during primary occasion 2. Salinity was lowest at the DS/HG site 2 (7.5± 0.3) and highest 

in HS site 5 (14.5 ± 0.3). Mean pond salinity was similar across secondary sampling occasions 

within habitats. Between primary occasions, the DS/HG and MHGS/HG habitat assemblages 

both increased by 0.8 ppt, and HS increased by 1.6 ppt. The top ranked model for these data 

included detection probability as a function of observation hours and occupancy varying with 

time (i.e., primary sampling occasion) (Table 2.5, Figure 2.8). Based on this model, patterns 

in occupancy across habitats and detection across hours of observation, were similar to 

those estimated from the full data set. The most supported model that included a salinity 

effect on occupancy, was an additive model with time that ranked third and received some 

support from the data (∆AICc = 1.83, Table 2.5). However, the parameter estimate for the
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salinity effect (β=0.03, SE=0.06) indicated no evidence of an association between salinity and 

pond occupancy (Figure 2.8).

2.5 Discussion

We found that occupancy of ponds by spectacled eider broods in the sampled areas 

ranged from 0.43 (SE= 0.7) to 0.59 (SE=0.12) and was consistent across most habitats and 

years, except for the DS/HG habitat, in which occupancy declined to < 25% in the second 

year of the study. Variation in occupancy was not related to differences in salinity among 

ponds for broods ≥ 10 days old in 2012. Thus, older broods likely did not select habitat 

based on pond salinity.

The abundance of broods at our sampling sites can be explained in part by the non

random selection of important brood rearing areas for sampling and the high nest success in 

both years of the study (2011 = 57.9%, 95% CI 45.0-68.7%; 2012 = 67.7%, 95% CI 55.5-77.2%; 

Gabrielson 2012). Similarity in pond occupancy across habitats may be related to 

invertebrate abundance. We found that common invertebrate taxonomic groups were 

present in nearly all ponds sampled across all habitat types and that observed broods did not 

show pond preference for foraging based on invertebrate assemblage or salinity (Graff 

Chapter 1). Competition with other waterfowl species for invertebrates during the brood 

rearing period is likely limited. Common eiders nest in similar numbers with overlapping 

nesting chronology, but typically move their broods to salt water within about 15 days post 

hatch (Flint et al. 1998). Additionally, northern pintail, long-tailed duck, and greater scaup 
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nest in much lower densities with greater scaup initiating nests later, on average, than the 

other species. Thus, prey depletion in ponds seems unlikely.

At the Kashunuk River, northern pintail and spectacled eiders nest in low and 

intermediate sedge habitats that have ponds with high salinity due to the frequency of 

flooding, and following hatch, move their broods to graminoid, high sedge, and dwarf 

shrub/graminoid habitats that are lower in salinity and higher in food availability (Grand et 

al. 1997, O'Connell 2001). In addition, the authors found that females that nested in high 

sedge meadow and high graminoid - dwarf shrub habitat used the same habitat for brood 

rearing. At Kigigak Island, flooding of nesting sites is rare. High-density nesting areas can 

often be high density brood rearing areas as well (Harwood and Moran 1993) so energetic 

costs of movement and potential predation risks from the nest to brood rearing areas may 

be minimized. Both nesting and brood rearing occur in high sedge, high graminoid, and 

mixed high graminoid - shrub areas, which combined form the majority of habitat available 

on Kigigak Island. Low and intermediate sedge areas are tidal, sparsely vegetated, and occur 

only in the far eastern part of the island and are not commonly used for nesting or brood 

rearing. Thus, differences in habitat use between brood rearing sites at Kigigak Island may 

be partially related to differences in the spatial arrangement of ponds within these sites 

which we did not account for, given that each of the main habitat types may be used.

Availability of freshwater has been shown to be important for young ducklings until 

their nasal glands develop at 6 to 7 days (Ellis et al. 1963, Riggert 1977, Swanson et al. 1984). 

At Kigigak Island, the few ponds that are nearly fresh are in the highest elevation dwarf 
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shrub upland habitat, likely have low productivity, and few broods were observed in these 

ponds throughout the brood rearing period (Graff Chapter 1). Additionally, high sedge 

habitat had the highest average salinity across habitat types and increased at the highest 

rate among habitats yet had consistently high brood occupancy between years.

We were not able to quantify salinity effects on occupancy for young ducklings 

during early brood rearing. Although we began observations around peak hatch, 

observations of very young broods from towers were limited. Harwood and Moran (1993) 

noted that time of day did not affect brood behavior. However, hens regularly brood their 

ducklings following hatch and hide them along pond banks and in emergent Hippuris spp. 

when present (Harwood and Moran 1991). Many ponds are small and asymmetric with high 

banks, likely providing concealment from predators, shelter from wind, and reduced 

observability. We also suspect that brood foraging may at least be partially limited during 

the first few days post hatch when ducklings may rely heavily on hatching reserves (Swennen 

1989, Sedinger 1992). Our results of slightly older spectacled eider broods suggest that 

salinity was not a strong predictor of pond use once broods reach at least 10 days of age, 

although salt glands would be developed at that time. Young broods must find alternative 

ways to manage salt loading. In general, ducklings reared in saline environments may rely 

on a stable source of freshwater inflow or low salinity ponds until nasal glands develop 

(Swanson et al. 1984, Jehl 2005) but when neither option is available, perish (Stolley et al. 

2008). Ducklings are brooded in the nest following hatch by the mother hen for up to 24 

hours, followed by travel time to brood rearing areas, so salinity exposure may be limited 

during the initial 1-2 days post hatch. Broods at Kigigak Island may be finding sources of 
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freshwater post hatch, such as condensation on vegetation, puddles, or ground seeps. We 

did observe broods younger than 10 days that fit the class 1A size category, foraging in 

ponds between 4.7-12.0 ppt but our sample size was small, and we did not know exact ages 

of broods.

Pond occupancy probabilities showed a consistent pattern suggesting lower 

occupancy in habitats between years, however, confidence intervals were broad around all 

estimates. Additionally, the extinction probability (0.38 ± 0.11) suggests variability in 

individual pond use between years. Both years of this study were highly contrasted in terms 

of spring snow melt, nest initiation, subsequent hatch, and summer rainfall (Graff Chapter 

1). A large fall storm surge in November 2011 may have been the strongest to hit the YKD 

coast since 1974 (Terenzi et al. 2014). This storm had implications the following spring with 

an ice layer that slowed spring melt, delaying nest initiation and hatch (Graff Chapter 1). 

Jorgenson et al. (2018) noted that this storm occurred after the YKD was frozen over with a 

snow layer, and salt kill of vegetation was minimal as a result. Our observations agree with 

that assessment and we found that salinity levels of ponds were not elevated following 

spring snow melt in 2012, but ultimately were higher during the brood rearing period due to 

low rainfall (Graff Chapter 1). Years of reduced sea ice in the Bering Sea may increase the 

frequency of storm surges on the Yukon Delta, and warmer summers with low precipitation 

may lead to shallower or dry ponds and decreased pond availability for brood rearing. 

Possible limits to habitat could include ponds drying prematurely following winters of low 

snowpack where ponds are not at bank-full capacity prior to nest initiation, increased spring 

and summer temperatures, and low rainfall. Additionally, flooding of habitat at Kigigak
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Island during the breeding season is rare but could change under future climate scenarios 

that result in sea level rise and increased frequency and severity of storm events, particularly 

if inundation events occur during the breeding season or other times of the year when the 

island is not frozen. Given the importance of Kigigak Island as both a high-density nesting 

and brood rearing location for threatened spectacled eiders, we recommend monitoring of 

body condition of hens and broods prior to fledging, and periodic monitoring of habitat 

conditions, especially during or following seasons of seawater inundation events.

Pond occupancy by spectacled eider broods has not been previously estimated, and 

we consider our results as baseline to improve future estimates. Our sampling design 

violated some occupancy model assumptions, notably the closure assumption (sites are 

closed to changes in occupancy between surveys) given that broods potentially moved 

between sites within the secondary sampling occasions. This may have resulted in a positive 

bias in occupancy estimates (Rota et al. 2009), although we suspect the bias was relatively 

constant and did not therefore affect comparisons between occasions. This study was 

sensitive to small changes in observed pond use given the low number of sites sampled. We 

also had data on salinity from only one year for occupancy and thus our models captured a 

smaller 16-day period with a minimum number of secondary occasions. We delineated 

ponds within observation areas based on pond shape if interconnected, and whether they 

were viewable from a tower. This biased our results as not all ponds, and not all areas of 

ponds were viewable. We also occasionally observed broods feeding in tiny depressions that 

held water that we otherwise would not have considered a pond. Due to the heterogeneity 

and complexity of the ponds at Kigigak, we recommend future studies use a wetland 
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classification system for occupancy, placing sloughs and ponds into categories based on size 

instead of individually numbered ponds.

The study design changed between field seasons and would be improved in the 

future by including covariates for pond depth, and physical characteristics of pond type (e.g. 

bank height, steepness, shape, % full), in addition to salinity. Following the simulation 

recommendations of Mackenzie and Royle (2005) and using a coefficient of variation of 20%, 

estimates of occupancy probability ≥ 0.81 and detection probability ≥ 0.70 for 3 secondary 

occasions with one additional site added would improve inferential power. This design is 

more sensitive to small changes in occupancy than detection rates and higher occupancy 

rates are needed for a smaller number of sites (Figure 2.9). Lower estimates of detection 

probability would still be acceptable with more secondary occasions. One season using this 

sampling design would strengthen inferences of factors associated with pond occupancy.

2.6 Conclusions

The similarity of invertebrates in ponds across the study area and the lack of 

observed individual pond preference by broods may indicate that available food for 

ducklings is consistent across many ponds in brood-rearing habitats at Kigigak Island (Graff 

Chapter 1). In contrast, salinity was variable within and between habitat types, consistent 

with findings at the Kashunuk River (O'Connell 2001), yet salinity was not a predictor of pond 

use by broods in 2012, for broods 10 days of age or older and within the ranges of salinity 

that we observed. Our estimates of pond occupancy by broods were broad but suggest that 
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suitable brood rearing habitat availability is high, and we did not detect any obvious 

constraints to pond use during this study.
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2.8 Figures

Figure 2.1. Habitat classification with observation tower locations and 300 m viewing 
buffer on Kigigak Island, Alaska.
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Figure 2.2. Primary and secondary occasions specified for the robust design occupancy 
model applied to spectacled eider brood pond use on Kigigak Island, Alaska, in 2011 and 
2012.

Figure 2.3. Primary and secondary occasions specified for the robust design occupancy 
model applied to spectacled eider brood pond use on Kigigak Island, Alaska, in 2012 that 
included salinity as a covariate.
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Figure 2.4. Change in detection probability (dashed lines indicate 95% confidence intervals) 
of spectacled eider broods with number of observation hours within secondary occasions on 
Kigigak Island, Alaska, in 2011.

Figure 2.5. Change in detection probability (dashed lines indicate 95% confidence intervals) 
of spectacled eider broods with number of observation hours within secondary occasions on 
Kigigak Island, Alaska, in 2012.
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Figure 2.6. Estimates of pond occupancy probability with 95% confidence intervals for sites 
and years of observation of spectacled eider broods on Kigigak Island, Alaska. Sites include 
high sedge tower 1 (HS-1), high sedge tower 5 (HS-5), dwarf shrub/high graminoid tower 2 
(DS/HG-2), mixed high graminoid-sedge/high graminoid tower 3 (MHGS/HG-3), and mixed 
high graminoid-sedge/high graminoid tower 4 (MHGS/HG-4).

Figure 2.7. Esitmates of occupancy probability with 95% confidence intervals of ponds by 
spectacled eider broods in habitat assembledges on Kigigak Island, Alaska. Habitat 
assembledges include high sedge (HS), dwarf shrub/high graminoid (DS/HG) and mixed high 
graminoid-shrub/high graminoid habitats(MHGS/HG).

70



Figure 2.8. Change in occupancy probability (dashed lines indicate 95% confidence intervals) 
with salinity within primary occasion 1 and 2 in 2012.
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Figure 2.9. Simulations for the number of sampled sites needed given a coefficient of 
variation of 20 % with changes in occupancy (Ψ) and detection (p).
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2.9 Tables

Table 2.1. Vegetation characteristics and habitat types at Kigigak Island, Yukon-Kuskokwim 
Delta, Alaska (modified from Grand et al. 1997).

a-Betula nana, b-Calamagrostis canadensis, c-Calamagrostis deschampsoides, d-Carex canescens, 
e-Carex lyngbyaei, f-Carex ramenskii, g-Carex rariflora, h-Dupontia fischeri, i-Elymus arenarius, 
j-Empetrum nigrum, k-Ledum decumbens, l-Poa eminens, m-Potentilla spp., n-Puccinellia 
phryganoides

Table 2.2. Average number of broods seen per day from tower locations at Kigigak Island, 
AK.

73

Habitat Type Topography Hydrology
Terrestrial
Vegetation

Low-sedge meadow flat except for levees regularly flooded f,i,n
Intermediate -sedge meadow flat except for levees occasionally flooded f,c,i,l
High-sedge meadow flat except for levees occasionally flooded f,d,m,c,I,l
High-graminoid meadow flat except for levees rarely flooded e,f,g,c,h
Mixed high-graminoid meadow/ upland 2-4 m above rarely flooded; continuously e,m,g,c,b

dwarf shrub upland meadow saturated
Dwar shrub upland 2-4 m above adjacent 

meadow
very rarely flooded k,a,j

Year
Tower Tower Tower Tower Tower

n1 SE n 2 SE n 3 SE n 4 SE n 5 SE
2011 1.8 0.4 16 1.4 0.3 13 2.3 0.6 25 1.44 0.4 13 1.33 0.2 8
2012 2.1 0.2 23 2 0.3 28 2.4 0.3 29 2.7 0.4 30 1.1 0.4 9



Table 2.3. Model selection results for detection probability from observations of spectacled 
eider broods. Inference was based on Akaike's Information Criterion adjusted for sample 
size (AICc), difference from top model (∆AICc), model weight (ω), and number of parameters 
(K). Model parameters included occupancy (Ψ), extinction probability (e), and detection 
probability (p). Covariates included constant model (.), observation hours (hr), year (yr), 
time (t), and site (g).

Model AICc ∆AICc ω K
{Ψ(.) e(.) p(hr*yr)} 761.93 0.00 0.91 6
{Ψ(.) e(.) p(hr)} 767.44 5.51 0.06 4
{Ψ(.) e(.) p(g*yr)} 770.90 8.97 0.01 12
{Ψ(.) e(.) p(.)} 771.15 9.23 0.01 3
{Ψ(.) e(.) p(yr)} 771.97 10.05 0.01 4
{Ψ(.) e(.) p(g+hr)} 772.94 11.01 0.00 8
{Ψ(.) e(.) p(yr+hr)} 773.13 11.20 0.00 4
{Ψ(.) e(.) p(t)} 775.12 13.20 0.00 5
{Ψ(.) e(.) p(g*t+hr)} 775.24 13.32 0.00 14
{Ψ(.) e(.) p(t+yr)} 776.69 14.77 0.00 8
{Ψ(.) e(.) p(hr+t)} 778.69 16.77 0.00 9
{Ψ(.) e(.) p(g*hr)} 781.46 19.54 0.00 12
{Ψ(.) e(.) p(g*t)} 792.84 30.91 0.00 32

Table 2.4. Model selection of occupancy and extinction probability for spectacled eider 
brood occupancy. Inference was based on Akaike's Information Criterion adjusted for 
sample size (AICc), difference from top model (∆AICc), model weight (ω), and number of 
parameters (K). Model parameters included occupancy (Ψ), extinction probability (e), and 
detection probability (p). Covariates included constant model (.), observation hours (hr), 
year (yr), time (t), site (g), and habitat (g3).

Model AICc ∆AICc ω K
{Ψ(g*yr)e(.)p(hr*yr)} 758.08 0.00 0.42 15
{Ψ(g3)e(.)p(hr*yr)} 759.60 1.52 0.20 8
{Ψ(g3*yr)e(.)p(hr*yr)} 760.04 1.96 0.16 11
{Ψ(.)e(.)p(hr*yr)} 761.93 3.84 0.10 6
{Ψ(g)e(.)p(hr*yr)} 762.12 4.03 0.09 10
{Ψ(yr)e(.)p(hr*yr)} 762.29 4.21 0.08 7
{Ψ(g3*yr)e(g3) p(hr*yr)} 764.33 6.25 0.02 13
{Ψ(g*yr)e(g)p(hr*yr)} 764.63 6.55 0.03 19
{Ψ(Yr)e(g)p(hr*yr)} 765.88 7.80 0.01 11
{Ψ(.)e(g)p(hr*yr)} 766.26 8.17 0.01 10
{Ψ(g3)e(g3)p(hr*yr)} 768.09 10.00 0.00 10
{Ψ(g)e(g)p(hr*yr)} 768.09 10.01 0.00 14
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Table 2.5. Model selection of spectacled eider brood occupancy in 2012 with salinity as a 
covariate. Inference was based on Akaike's Information Criterion adjusted for sample size 
(AICc), difference from top model (∆AICc), model weight (ω), and number of parameters (K). 
Model parameters included occupancy (Ψ), extinction probability (e), and detection 
probability (p). Covariates included constant model (.), salinity (sal), observation hours (hr), 
time (t), and site (g).

Model AICc ∆AICc ω K
{Ψ(t)e(.)p(hr)} 392.94 0 0.36 5
{Ψ(.)e(.)p(hr)} 394.67 1.73 0.15 4
{Ψ(t+sal)e(.)p(hr)} 394.76 1.83 0.15 6
{Ψ(.)e(.)p(t*hr)} 395.51 2.57 0.10 6
{Ψ(t)e(.)p(t*hr)} 396.68 3.74 0.06 7
{Ψ(sal)e(.)p(hr)} 396.68 3.74 0.06 5
{Ψ(sal)e(.)p(t*hr)} 397.52 4.59 0.04 7
{Ψ(t)e(.)p(.)} 397.94 5.00 0.03 4
{Ψ(t+sal)e(.)p(t*hr)} 398.57 5.63 0.02 8
{Ψ(t+ sal)e(.)p(.)} 399.87 6.93 0.01 5
{Ψ(t*sal)e(.)p(t*hr)} 400.08 7.15 0.01 9
{Ψ(.)e(.)p(.)} 401.15 8.21 0.01 3
{Ψ(t*sal)e(.)p(.)} 401.75 8.81 0.00 6
{Ψ(sal)e(.)p(.)} 403.20 10.26 0.00 4
{Ψ(g)e(.)p(hr) 406.85 13.92 0.00 15
{Ψ(g*t+sal)e(.)p(.)} 408.60 15.66 0.00 13
{Ψ(g+sal)e(.)p(t*hr)} 408.76 15.82 0.00 16
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General Conclusions

Despite long-term monitoring of spectacled eider breeding biology on an annual 

basis from 1991-2015, little is known about environmental conditions of ponds and how 

they relate to brood habitat use at Kigigak Island on the Yukon-Kuskokwim Delta (YKD) of 

Alaska, a high-density spectacled eider nesting and brood rearing area. Salinity is known to 

affect growth and survival of waterfowl ducklings, but its effect on spectacled eider 

ducklings in the wild is unknown. In Chapter 1, I examined the spatial and temporal 

distribution of wetland salinity, food availability in ponds, and tested whether these 

variables affected foraging pond use by broods through observational study at Kigigak Island. 

In Chapter 2, I investigated habitat use by broods using occupancy modeling to provide the 

first baseline inferences for brood occupancy across habitat assemblages for the species.

I evaluated a variety of variables to describe patterns of pond salinity during the 

breeding seasons of 2011-2012 and showed that salinity levels varied within and between 

habitat types and typically increased with seasonal progression, particularly when rainfall 

was low, similar to other sites on the YKD (O'Connell 2001). Salinity levels of ponds were 

lowest in areas of dwarf shrub upland vegetation and highest in high sedge habitat. I found 

that salinity increased at a faster rate in the high sedge habitat compared to all other habitat 

types. Grand et al. (1997) noted that elevation dictated habitat type and that habitats less 

prone to flooding had lower salinity levels at the Kashunuk River. Additional studies in that 

area also noted that spectacled eiders often nested in low and intermediate sedge meadows 

and moved their broods to areas of graminoid and dwarf shrub meadows. In contrast, much 
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of the habitat available at Kigigak Island is high sedge, graminoid, and dwarf shrub meadows, 

and both nesting and brood rearing can often occur in the same areas.

Food availability was limited to a few invertebrate taxonomic groups that were 

present in nearly all ponds across habitat types, although I was not able to describe patterns 

of variable abundance. Broods did most of their foraging in the benthos and Chironomidae 

and Annelida were the main taxonomic groups that likely yielded the highest biomass. In 

2011 I specifically compared brood used ponds to randomly selected unused ponds and did 

not find differences in regard to habitat type, salinity, or invertebrate abundance. O'Connell 

(2001) suggested that high salinity negatively influenced food abundance during a season 

where salinity levels exceeded that of seawater in high sedge habitat due to spring flooding, 

low rainfall, and evaporation. Therefore, the lack of significance in pond use on Kigigak 

Island may be due to a high degree of similarity amongst ponds for food availability within 

tolerable salinity levels that may not have been extreme enough to limit invertebrate 

abundance.

In Chapter 2 I evaluated the habitat use of spectacled eider broods using an 

occupancy modeling approach. I found that detection probability was influenced by 

observer hours and years. Individual pond use was variable between years as the probability 

that a pond used in the first year was not used in the second was (0.38 ± 0.11). Additionally, 

occupancy estimates were variable among sites within and between years, but broad 

confidence intervals precluded strong inferences. Occupancy was also similar amongst 

habitat assemblages. Observations indicated some preference for mixed high graminoid - 
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dwarf shrub wetland complexes for brood rearing, but occupancy estimates corrected for 

detection were broad and limited inference.

I was not able to fully address my hypothesis that broods would prefer ponds with 

low salinity early in brood rearing before salt glands develop due to low sample size during 

early brood rearing. The short window of time for salt gland development coincides with 

difficulty in spotting, aging, and monitoring broods during early brood rearing, especially 

when hatch is spread out over several weeks. Based on field observations and salinity 

measurements of ponds, I noted that at least some young broods are feeding in ponds at or 

above levels that negatively affected mottled duck and common eider ducklings in captive 

studies (Moorman et al. 1991, DeVink et al. 2005). However, captive studies cannot mimic 

the behaviors of wild ducklings in the natural environment, and I showed that brood pond 

preference was not explicit within the broad range of salinity I observed, and that salinity 

was not a predictor of occupancy in 2012 for broods that were at least 10 days of age. I 

suggest that salinity levels observed at Kigigak Island during this study may be within a 

tolerable threshold, likely due to the variability of salinity levels of ponds and potential 

unidentified freshwater sources that may be present such as condensation on vegetation or 

ground seeps that may help counter negative effects of salinity in the brackish ponds. 

Further studies regarding brood behavior, salinity exposure periods, and growth of ducklings 

during the first week post hatch may help further understand brood use of habitat in 

brackish conditions of the YKD.
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In summary, I described patterns and drivers of pond salinity at Kigigak Island, as well 

as food availability for spectacled eider broods during the brood rearing period from hatch 

to 30 days of age, neither of which were clear predictors of pond foraging use. Overall, 

spectacled eider broods did not favor specific ponds for brood rearing. However, some 

areas such as the mixed high graminoid-shrub complex of one of my sites provided habitat 

heterogeneity in regard to shape, size, and interconnectedness of ponds and sloughs that 

appeared favorable for broods. I also provided baseline information on pond occupancy by 

spectacled eider broods and suggested ways to improve inferences of estimating occupancy 

for futures studies. Overall, acceptable brood rearing habitat at Kigigak Island appears high 

given the conditions encountered during 2011-2012.

79



Literature Cited

DeVink, J-M., H. G. Gilchrist, and A. W. Diamond. 2005. Effects of water salinity on growth 
and survival of Common Eider (Somateria mollissima) ducklings. Auk 122:523-529.

Grand, J. B., P. L. Flint, and P. J. Heglund. 1997. Habitat use by nesting and brood rearing 
northern pintails on the Yukon-Kuskokwim Delta, Alaska. Journal of Wildlife 
Management 61:1199-1207.

Moorman, A. M., T. E. Moorman, G. A. Baldassarre, and D. M. Richard. 1991. Effects of Saline 
Water on Growth and Survival of Mottled Duck Ducklings in Louisiana. The 
Journal of Wildlife Management 55:471-476.

O'Connell, W. T. 2001. Role of wetlands and endogenous factors on incubation behavior of 
nesting spectacled eiders on the Yukon-Kuskokwim Delta, Alaska. M.Sc. thesis, Univ. 
Alaska, Fairbanks, AK.

80


