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Abstract
The U.S. Fish and Wildlife Service is tasked with set-

ting objective and measurable criteria for delisting species or 
populations listed under the Endangered Species Act. Deter-
mining the acceptable threshold for extinction risk for any 
species or population is a challenging task, particularly when 
facing marked uncertainty. The Alaskan breeding population 
of Steller’s eiders (Polysticta stelleri) was listed as threat-
ened under the Endangered Species Act in 1997 because of 
a perceived decline in abundance throughout their nesting 
range and geographic isolation from the Russian breeding 
population. Previous genetic studies and modeling efforts, 
however, suggest that there may be dispersal from the Russian 
breeding population. Additionally, evidence exists of popula-
tion level nonbreeding events. Research was conducted to 
estimate population viability of the Alaskan breeding popula-
tion of Steller’s eiders, using both an open and closed model 
of population process for this threatened population. Projec-
tions under a closed population model suggest this population 
has a 100 percent probability of extinction within 42 years. 
Projections under an open population model suggest that with 
immigration there is no probability of permanent extinction. 
Because of random immigration process and nonbreeding 
behavior, however, it is likely that this population will con-
tinue to be present in low and highly variable numbers on the 
breeding grounds in Alaska. Monitoring the winter population, 
which includes both Russian and Alaskan breeding birds, may 
offer a more comprehensive indication of population viability.

Introduction
The U.S. Fish and Wildlife Service is tasked with set-

ting objective and measurable criteria for delisting species or 
populations listed under the Endangered Species Act. These 
criteria are described within a recovery plan, which serves as 
a guide for the management and recovery of threatened and 

endangered species. Common recovery criteria include assess-
ing the imperiled population in terms of extinction risk and 
setting extinction risk thresholds that, once reached, indicate 
when the population can be delisted. Determining the accept-
able threshold for extinction risk for any species or population 
is a challenging task, particularly when uncertainty surround-
ing the demography of populations is great. The task becomes 
increasingly difficult because imperiled species typically are 
rare or uncommon at the time of listing, and generally little is 
known about their biological or population processes. Assess-
ing a population’s risk of extinction requires indepth knowl-
edge of the population’s processes and dynamics. If appli-
cable, these processes may include interactions with nearby 
populations of the same species. Considering the potential 
influence of exchanges between two or more populations may 
be imperative to determining persistence or extinction risk. 

Species or populations are listed under the Endangered 
Species Act (ESA) because of an increased risk of extinc-
tion. The Alaskan breeding population of Steller’s eiders 
(Polysticta stelleri) was listed as threatened under the ESA in 
1997 because of a perceived decline in abundance throughout 
their nesting range and geographic isolation from the Russian 
breeding population (U.S. Fish and Wildlife Service, 1997; 
Pearce and others, 2005). The Alaskan breeding population is 
the smallest of three geographically distinct breeding popu-
lations of Steller’s eiders: the Russian-Atlantic population, 
the Russian-Pacific population, and the Alaskan population 
(Fredrickson, 2001; U.S. Fish and Wildlife Service, 2002; 
Pearce and others 2005). 

A recovery plan was drafted for the Alaskan breeding 
population of Steller’s eiders in 2002, defining the listed 
“population” as any Steller’s eiders that breed in Alaska, and 
the term “subpopulation” to mean a group of Steller’s eiders 
that form a geographic subunit of the Alaska breeding popula-
tion (U.S. Fish and Wildlife Service, 2002). According to the 
recovery plan, two subpopulations of Steller’s eiders were 
defined and denoted as the northern and western Alaskan sub-
populations (U.S. Fish and Wildlife Service, 2002). One of the 
primary reasons for listing the Alaskan breeding population 
was the near extirpation of the western subpopulation along 
the Yukon-Kuskokwim Delta where the Yukon and Kuskokwim 
Rivers empty into the Bering Sea (U.S. Fish and Wildlife 
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Service, 2002). Since the mid-1970s, only seven Steller’s eider 
nests have been found on the Yukon-Kuskokwim Delta, with 
no indication of an established population (Kertell, 1991; Herzog, 
1999; U.S. Fish and Wildlife Service, 2002). The recovery 
criterion for delisting and reclassifying the species from threat-
ened to endangered includes considerations of the viability of 
both subpopulations (U.S. Fish and Wildlife Service, 2002). 
However, the influence of the western subpopulation on over-
all population viability cannot be considered owing to the lack 
of evidence of breeding in the region. Therefore, the viability 
of the northern subpopulation of Alaskan breeding Steller’s 
eiders was assessed based the criteria from the recovery plan 
using aerial survey data provided by U.S. Fish and Wildlife 
Service (U.S. Fish and Wildlife Service, 2002). 

Population viability analysis (PVA) is a tool commonly 
used to evaluate population persistence and estimate extinction 
risk (Shaffer, 1990; Boyce, 1992; Goodman, 2002; Morris and 
Doak, 2002; Robinson and others, 2014). Additionally, meta-
population viability analyses assess systems that are composed 
of interacting local populations that are open to immigration 
and emigration events. Metapopulation viability analyses 
account for movement among these local populations and the 
effect on dynamics. Most importantly, this movement allows 
for the possibility of recolonization following a local extinc-
tion (Levins, 1974; Hanski and Simberloff, 1997). Metapopu-
lations can exhibit source-sink dynamics, in which there are 
local populations with births that outnumber deaths (source 
populations) and local populations with deaths that outnumber 
births (sink populations) (Hanski and Simberloff, 1997). These 
dynamics have critical implications for the assessment of local 
population viability and, therefore, conservation and manage-
ment of local populations within a metapopulation. Population 
and metapopulation viability analyses are used to estimate the 
future state of the population(s) and quantify the probability of 
persistence or extinction (Goodman, 2002; Morris and Doak, 
2002).

The Alaskan breeding population of Steller’s eiders 
primarily nest on the Arctic Coastal Plain (ACP) along the 
northern coast of Alaska. Annual aerial surveys from 1989 to 
2013 indicated that Steller’s eiders were present in low and 
highly variable numbers, with multiple years in which zero 
birds were counted (Kertell, 1991; Pearce and others, 2005; 
Stehn and Platte, 2009; Stehn and others, 2013). Using the 
aerial survey dataset in previous work, we sought to develop 
and evaluate competing models of population process to deter-
mine the most likely process model for the Alaskan breeding 
population (Dunham and Grand, 2016). Results indicated that 
the Alaskan breeding population is likely open to immigra-
tion from the nearby Russian-Pacific breeding population and 
experiences population level nonbreeding events (Dunham and 
Grand, 2016). The dispersal of individuals from the Russian-
Pacific breeding population to the Alaskan breeding popula-
tion will likely have profound consequences for assessing the 
viability of the listed population. Additionally, the years in 
which zero birds are present on the breeding grounds present 

further challenges regarding estimating extinction risk. Typi-
cally, this phenomenon would qualify as a local extinction 
event followed by recolonization of the breeding area. How-
ever, it is believed to be representative of periodic nonbreed-
ing behavior, a strategy employed by many long-lived species, 
including eiders (Coulson, 1984; Quakenbush and others, 
1995; Solovieva, 1999; Obritschkewitsch and others, 2001; 
Quakenbush and others, 2004; Coulson, 2010; Safine, 2013). 

Although our previous work strongly supports that the 
Steller’s eider population is open to immigration and non-
breeding events, alternative hypotheses suggest that this is a 
closed population. Therefore, we aimed to estimate population 
viability of the threatened, Alaskan breeding population 
of Steller’s eiders by using open and closed models of 
population process.

Methods

Population Models and Parameterization

In previous work, we developed and evaluated multiple 
models of population process and estimated key demographic 
parameters of the Alaskan breeding population (Dunham and 
Grand, 2016). We fit these models to annual aerial survey data 
collected from the ACP of Alaska to determine which process 
model(s) best fit the data and estimated the key demographic 
parameters associated with each model. The best fit process 
model included population level nonbreeding and time-
varying immigration in addition to survival and fertility of the 
two sexes and the juvenile and adult age classes (Dunham and 
Grand, 2016). It has long been assumed that this breeding pop-
ulation is closed; however, the likelihood of population closure 
has never been formally evaluated. To address previous 
notions that this population is closed to immigration from the 
larger Russian-Pacific breeding population, we also assessed 
population viability under assumptions of population closure. 
Although our previous work suggests that this breeding popu-
lation is open to immigration, we chose to evaluate population 
viability under both process models for transparency. 

Closed Population Model
We developed a two-stage, two-sex matrix population 

model corresponding to a pre-breeding census for the Alaskan 
breeding population of Steller’s eiders. We used the resulting 
posterior distributions for each vital rate from our previous 
Bayesian analysis to construct and parameterize each projec-
tion matrix model (Dunham and Grand, 2016). Using the 
posterior probability distributions from our previous analy-
sis allowed us to incorporate the most accurate information 
available while accounting for multiple sources of uncertainty. 
The model for the dynamics of the closed population was 
defined as



Methods  3

11

0 0 0
0 0

0 0 0
0 0

fjf jf

jf afaf af

mjm jm

jm amam amt tt

fN N
S SN N

fN N
S SN N

−−

    
    
    =
    
    
     

where N  is the number of individuals in each age-sex class, 
S  is age-sex specific survival, and f  is sex-specific fertil-
ity. The first stage represents birds that were 1 year old and 
reproductively immature, and survival ( , )jf jmS  was set equal 
between the sexes. Juvenile survival was chosen from a beta 
distribution with a mean of 0.748 and a standard deviation 
of 0.011 (Dunham and Grand, 2016). Adult survival was the 
annual survival rate ( ,af amS ) of birds 2 years old and older, 
and we assumed all adult birds of the same sex experienced 
a similar survival rate. Adult male survival was estimated to 
be high, chosen from a beta distribution with a mean of 0.81 
and a standard deviation of 0.009, as estimated in previous 
analyses (Dunham and Grand, 2016). Adult female survival is 
characteristically lower than male survival and more variable 
because of the increased energetic costs and increased preda-
tion risk associated with nesting (Williams, 1966; Stearns, 
1976; Erikstad and others, 1998; Flint and others, 2000; 
Ghalambor and Martin, 2001). Adult female survival was 
taken from a beta distribution with a mean of 0.754 and a stan-
dard deviation of 0.015 (Dunham and Grand, 2016). Fertility 
rates for the Alaskan breeding population are exceptionally 
low. Although low fertility rates are typical of a long-lived 
sea duck, results from our previous analysis indicate that the 
rates are lower than previously expected. Fertility rates were 
set equal between the sexes and drawn from a stretched beta 
distribution with a mean of 0.0062 and a standard deviation of 
0.00015 (Dunham and Grand, 2016).

Open Population Model
The open population model used the same general frame-

work as the closed population model, with two additional 
parameters. The open population model included an additional 
vector  tI , to represent immigration, and fertility was set 
dependent on a binomial random variable, breeding probabil-
ity. The open population dynamics model was as follows:
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where tI  includes the number of adult female (af) and adult 
male (am) immigrants estimated at the current time step, t . 
This population is strictly made up of breeding birds and 
more specifically breeding pairs, and therefore the number 

of immigrants simulated in any time step is divided equally 
between the sexes. Additionally, because this is representative 
of the breeding population and juveniles do not breed, we did 
not allow for juvenile immigrants in this model. Immigration, 

tI , was treated as a random effect, or time-varying parameter. 
At each time step, the number of immigrants was simulated 
from a zero-inflated Uniform distribution, which we param-
eterized as

( )
( ) ( )( )

0,   ~ 0.2
 1,1 500    1 0

with probability
Uniform with probability probability




Our previous study resulted in posterior distributions for 
immigration at each time step (Dunham and Grand, 2016). 
Considering the posterior distributions from this work, we 
chose to use a Uniform distribution to capture the uncertainty 
that exists surrounding the drivers of immigration. An addi-
tional constraint on immigration was set by the relation with 
the nonbreeding years. In our previous modeling effort, years 
in which zero birds were detected were representative of years 
that the population did not breed and did not experience any 
immigration (Dunham and Grand, 2016). The annual surveys 
and our model indicated that there were 5 nonbreeding years 
out of the 25 years of annual survey data (Dunham and Grand, 
2016). Therefore, the probability of a nonbreeding year was 
roughly 20 percent. Furthermore, the 25 years of aerial survey 
data did not include any consecutive nonbreeding events; 
therefore, we never allowed nonbreeding years to occur 
consecutively in this model. Fertility, ,f mf , is defined as the 
number of offspring recruited to the juvenile (1-year-old) age 
class per female annually and is dependent on the nonbreeding 
probability, which is parameterized as a random binomially 
distributed variable that returns a 0 to represent nonbreeding 
years and 1 for breeding years. Therefore, in breeding years, 
fertility was drawn from a beta distribution with a mean of 
0.0062 and a standard deviation of 0.00015, and in nonbreed-
ing years, fertility was set equal to zero. Survival rates were 
simulated from the same distributions described for the closed 
population model.

Simulations

Both models of population dynamics were projected to 
100 years using 5,000 iterations. The closed population model 
was initialized with a population size ( 1N ) chosen from the 
following distribution:

( )1  ~ N Poisson λ

where λ  = 1,000; this distribution was reflective of the poste-
rior distribution of population size from our previous analysis 
(Dunham and Grand, 2016). The initial population size for 
the open population model was estimated by adding 1  N and 

1I . The initial age distribution was distributed according to 
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the mean age distribution of the posterior results from our 
previous analysis, with additional variation to reflect our 
uncertainty in this estimate. The age distribution included the 
proportion of each stage and sex class in the population. 

We were interested in comparing the model projections to 
the metrics defined in the recovery plan (U.S. Fish and Wild-
life Service, 2002); however, some metrics are not presently 
applicable, according to the current wording of the recovery 
plan. For this reason, we are only interested in the metrics 
that are currently applicable to this population. Therefore, 
we report the probability of extinction and the mean time to 
extinction for the closed model projections and the probability 
of extinction for the open model projections. Extinction was 
defined as the population size being zero individuals and mean 
time to extinction was the year in which the mean population 
size was equal to zero.

Results
The closed model resulted in a 100 percent probability 

of extinction within 42 years, and the mean time to extinction 
was 35 years (fig. 1). The open population model resulted in 
19.28 percent of the iterations reaching the extinction thresh-
old of zero individuals and 0.006 percent of the iterations 
reaching extinction at some point in the 100 years of projec-
tion. Because this population occurs in low and highly variable 
numbers on the breeding grounds, there is still some expec-
tation that this local population will experience temporary 

decreases in population size. However, because of frequent 
immigration, there is no probability of long-term or permanent 
quasi-extinction or extinction for this breeding population. 
Owing to the rescue effect of immigration, it is not possible 
to measure a time to quasi-extinction or time to extinction, 
because there was no time in which all iterations reached 
either threshold (figs. 2, 3). 

Discussion
Without the reintroduction or recolonization of the 

Yukon-Kuskokwim Delta by the western subpopulation of 
Alaskan Steller’s eiders or the designation of the subpopula-
tions as distinct vertebrate population segments, the recovery 
criteria as listed in the recovery plan cannot be met (U.S. Fish 
and Wildlife Service, 2002). However, we sought to assess the 
viability of the northern subpopulation of Alaskan breeding 
Steller’s eiders by using two models. The results of the closed 
population projections suggest that the population would 
rapidly decline and become extinct within 42 years and would 
therefore qualify to be reclassified as endangered, according 
to the current recovery criteria (fig. 1). Although our previous 
models suggest a closed model is an unlikely representation of 
this population process, we included this model for compari-
son and to address alternative hypotheses regarding population 
closure. Additionally, previous studies of the geographically 
distinct breeding populations (Russian-Atlantic, Russian-
Pacific, and Alaskan) suggest there is no significant genetic 

Figure 1. Mean population size projections with 95 percent credible intervals for the 
closed population model of Alaskan breeding Steller’s eiders (Polysticta stelleri).
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Figure 2. Mean population size projections with 95 percent credible 
intervals for the open population model of Alaskan breeding Steller’s eiders 
(Polysticta stelleri).

Figure 3. Prior distribution for year 1 and posterior distributions of 
population size from projections for years 50 and 100 from the open model of 
population process for Alaskan breeding Steller’s eiders (Polysticta stelleri). 
Posterior distributions are skewed heavily toward zero, suggesting very small 
population sizes are highly likely.
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differentiation between the Alaskan and Russian-Pacific 
breeding populations (Pearce and others, 2005). The results of 
these studies illustrate that it is highly unlikely that this breed-
ing population is closed because the productivity and survival 
rates do not support a self-sustaining population. This infor-
mation is critical for the management and monitoring of this 
listed breeding population. 

The Alaskan breeding population was listed due to 
perceived declines in abundance in their nesting and breeding 
range, specifically along the Yukon-Kuskokwim Delta (U.S. 
Fish and Wildlife Service, 2002). One of the primary objec-
tives listed in the recovery plan was to gather more informa-
tion on breeding population dynamics to assess population 
viability (U.S. Fish and Wildlife Service, 2002). Analysis of 
25 years of aerial survey data indicated that this population 
had been rescued through immigration events and experienced 
intermittent breeding (Dunham and Grand, 2016). Given this 
updated understanding, we believe the model put forth in this 
research is the best available representation of population 
process and dynamics. The mean projected results from this 
model indicate that the Alaskan breeding population will likely 
remain relatively stable throughout the next 100 years, with 
no probability of permanent local extinction; however, this 
projection is dependent on immigration and, thus, the viability 
of the large Russian source population (fig. 1). The outcome of 
this study combined with our previous research suggests that 
immigration plays a critical role in the population dynamics 
and consequently the viability of the Alaskan breeding popula-
tion of Steller’s eiders (Dunham and Grand, 2016). 

Our previous study highlighted the importance of 
immigration in accounting for the highly variable observed 
counts of the breeding population on the ACP (Dunham 
and Grand, 2016). Furthermore, the current study identifies 
the role of immigration as being vital to the viability of the 
Alaskan breeding population. The significant role of immi-
gration may be representative of source-sink dynamics. In 
this case, the source population would be the Russian-Pacific 
breeding population, and the Alaskan breeding popula-
tion would act as the sink. Öst and others (2016) found that 
immigration played a similar role in population dynamics of 
common eiders (Somateria mollissima) breeding in two dif-
ferent geographic locations in the Baltic Sea. After analyzing 
long-term individual-based data on eider breeding success 
and survival, Öst and others (2016) detected these dynamics 
because offspring production was not high enough to explain 
population growth during times of rapid increase. In addition, 
the breeding population that experienced low reproductive 
success and speculated immigration is located along the east-
ern range margin and not within the core breeding range (Öst 
and others, 2016). Although common eiders do exhibit strong 
breeding site fidelity, Öst and others (2016) believe natal 
dispersal could be a strong driver of the apparent source-sink 
dynamics. Similarly, our previous research indicated that the 
best model of population process allowed for birds to enter the 
population, but at that point they remained in the population 
to mimic breeding site fidelity (Dunham and Grand, 2016). 

Furthermore, Steller’s eiders are thought to prospect for breed-
ing sites in the year previous to becoming sexually mature. 
Even though most eider species exhibit breeding site fidelity, 
this study indicates that immigration is an important mecha-
nism in regulating Steller’s eider population dynamics, and 
it is likely that natal dispersal plays a large part in providing 
immigrants to the Alaskan breeding population. 

 Mean population projections suggest a relatively stable 
population; however, it is probable that the northern subpopu-
lation of Steller’s eiders will continue to be present in low 
and highly variable numbers on the ACP breeding grounds 
(figs. 2, 3). Typically, local extinction would be defined as any 
time at which there were zero individuals in the designated 
geographic area. In the case of this breeding population, the 
probability of location extinction about 20 percent in any year 
(Dunham and Grand, 2016). However, there is no definition 
of local extinction for this breeding population in the recovery 
plan (U.S. Fish and Wildlife Service, 2002). Therefore, it may 
be important to reconsider what extinction metrics apply when 
estimating the viability of this highly variable population. 

While results strongly support that this breeding popula-
tion is open to immigration and experiences population level 
nonbreeding events, we do not know what factors directly 
influence these occurrences. Further research is needed to 
identify factors that drive these important biological processes. 
Previous studies have indicated that there may be a relation 
between breeding probability and density of lemmings, poma-
rine jaegers (Stercorarius pomarinus), and snowy owls (Bubo 
scandiacus) (Quakenbush and others, 2004). However, direct 
links of the effects of interspecies relations to breeding proba-
bility in Alaskan breeding Steller’s eiders have not been estab-
lished. Additional hypotheses for causes of intermittent breed-
ing in eider species may be linked to environmental factors, 
including direct and indirect effects of climate and (or) oceanic 
regime shifts that alter food availability (Coulson 1984, 2010). 
If breeding of Steller’s eiders is linked to species specific den-
sities on the breeding grounds or by environmental factors that 
influence survival and (or) breeding probability, we may be 
able to better predict their effects on population viability in the 
future. However, it is likely that as long as there is an available 
pool of immigrants from the Russian-Pacific population, the 
Alaskan breeding population will persist. 

Our results suggest that immigration is necessary to 
sustain the Alaskan breeding population of Steller’s eiders. 
We demonstrated that the variable number of breeding birds 
and the viability of this breeding population are influenced 
by intermittent breeding and dispersal from the Russian-
Pacific breeding population (Dunham and Grand, 2016). 
Although there is little information on the Russian-Pacific 
breeding population, we know that they share molting and 
wintering grounds in southwestern Alaska with the Alaskan 
breeding population (Dau and others, 2000; Flint and others, 
2000; Larned, 2012; Frost and others, 2013; Martin and 
others, 2015). Additionally, previous studies found that both 
sexes showed high rates of fidelity to specific molting sites 
(Flint and others, 2000). This information provides a unique 
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opportunity to monitor both breeding populations on the 
molting and wintering grounds, to gain a more comprehensive 
understanding of metapopulation dynamics. Analysis of aerial 
surveys conducted from 1992 to 2010 on the spring staging 
areas along the Bristol Bay coast of the Alaskan Peninsula 
indicate that the long-term trend is an exponential decline of 
2.4 percent per year (Larned, 2012). This apparent decline 
of the number of staging birds warrants further research and 
monitoring as this may indicate whether the metapopulation 
is at risk of extinction, which could increase the probability of 
permanent extinction of the Alaskan breeding population. 

Finally, one of the most challenging issues faced when 
managing this species has been estimating population size 
and trend because of the difficulty associated with detect-
ability. Throughout their annual cycle the species is dispersed 
over large geographic extents and is difficult to detect with 
precision. At this point we do not have recent or precise data 
to inform detection probability for Steller’s eiders on the 
aerial surveys on the ACP. Without understanding the detec-
tion process we cannot accurately estimate population size or 
trend. We incorporated a large amount of uncertainty in initial 
population size to reflect our uncertainty in this estimate. 
Furthermore, the annual aerial survey point count estimates 
are imprecise, leading to further uncertainty about population 
trend and size. With estimates of detection probability and 
better understanding of detection process, we could reduce the 
uncertainty for each annual estimate of population size and 
consequently reduce the uncertainty in predictions of popula-
tion size and trend. Precisely estimating detection probability 
on the aerial breeding ground surveys and on any surveys 
conducted on the molting or wintering grounds will be critical 
to informing the management and conservation of this species.
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