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Table S1. Model components and life history parameters used in the stochastic VORTEX model to simulate snowy plover population viability in northern California.

	Parameter
	Description
	Source of Information
	Value

	Number of iterations
	Number of times simulation was run
	NA
	1000

	Number of years
	Number of years population was simulated
	NA
	50

	Extinction definition
	How extinction is defined in model (quasi-extinction)
	NA
	Population size (n) = 5.0

	Number of populations
	Number of populations in the model
	NA
	2 (NCA and PAC)

	Inbreeding depression
	The effect and level of inbreeding depression
	Ralls et al. (1988), Lacy et al. (1996)
	Lethal equivalents = 3.14
Percent due to recessive alleles = 50%

	Environmental variation (EV) correlation among populations
	The level of correlation between the annual vital rates of each population
	Estimated with unpublished data from Oregon and Monterey Bay (D. J. Lauten et al. and G. W. Page et al.)
	0.728

	Reproductive system
	Mating system
	Warriner et al. (1986)
	Serial Polyandry

	Age of 1st reproduction in females
	Age that females start breeding
	Warriner et al. (1986)
	1

	Age of 1st reproduction in males
	Age that males start breeding
	Warriner et al. (1986)
	1

	Maximum age of life
	Maximum age that females and males live
	Page et al. (1995)
	15

	Maximum number of broods per year
	Maximum number of successful nests fathered by a male each year
	Warriner et al. (1986)
	2

	Maximum number of progeny per brood
	Maximum number of eggs fathered in each nest
	Warriner et al. (1986)
	3

	Sex ratio at birth
	Sex ratio of offspring at hatching
	Székely et al. (2004)
	1:1

	Percent adult males nesting
	Proportion of adult males that establish at least one nest each year
	Estimated with NCA data and assumed to be comparable
	NCA = 0.97,
PAC = 0.97

	Environmental variability in percent adult males nesting
	Annual variation in the proportion of nesting adult males
	Estimated with NCA data and assumed to be comparable
	NCA = 0.04,
PAC = 0.04

	Distribution of successful broods per year
	Discrete probability distribution of nesting males fathering 0, 1, or 2 broods per year that successfully produce at least one fledgling
	NCA: Estimated in this study;
PAC: Estimated with unpublished data from Oregon (D. J. Lauten et al.)
	NCA: 0 = 0.64, 1 = 0.28, 2 = 0.08
PAC: 0 = 0.43, 1 = 0.36, 2 = 0.21


Table S1 (continued)
	Parameter
	Description
	Source of Information
	Value

	Distribution of the number of fledglings produced per male per brood per year
	Discrete probability distribution of males fathering 1, 2, or 3 fledglings per successful brood per year
	NCA: Estimated in this study;
PAC: Estimated with unpublished data from Oregon (D. J. Lauten et al.)
	NCA: 1 = 0.46, 2 = 0.27, 3 = 0.27
PAC: 1 = 0.34, 2 = 0.32, 3 = 0.34

	Female Juvenile Mortality
	Mean and standard deviation mortality rates for juvenile females
	NCA: Estimated in this study;
PAC: Stenzel et al. (2007)
	NCA: 0.769  0.094
PAC: 0.537  0.072


	Female Adult Mortality
	Mean and standard deviation mortality rates for adult females
	NCA: Estimated in this study;
PAC: Stenzel et al. (2011)
	NCA: 0.375  0.119
PAC: 0.307  0.089


	Male Juvenile Mortality
	Mean and standard deviation mortality rates for juvenile males
	NCA: Estimated in this study;
PAC: Stenzel et al. (2007)
	NCA: 0.769  0.094
PAC: 0.537  0.072


	Male Adult Mortality
	Mean and standard deviation mortality rates for adult males
	NCA: Estimated in this study;
PAC: Stenzel et al. (2011)
	NCA: 0.375  0.119
PAC: 0.266  0.095


	Dispersing classes
	Ages and sexes that are able to disperse
	USFWS (2007), Stenzel et al. (2007)
	Ages: 1 through 15
Sexes: Both

	Percent Survival of Dispersers
	Additive mortality risk associated with dispersing
	Unknown
	Assumed no additive risk (100%)

	Immigration
	Probability of annual movement of individuals from PAC to NCA
	Estimated using unpublished USFWS Breeding Window Survey Data
	0.02  0.01

	Emigration
	Probability of annual movement of individuals from NCA to PAC
	Estimated using unpublished data from Oregon (D. J. Lauten et al.)
	0.10  0.04

	Catastrophe frequency
	Average length of the interval between cold snaps (years)
	Eberhart-Phillips (2012)
	14.75


	Catastrophe severity
	The proportional change in the baseline survival when a cold snap catastrophe occurs
	Eberhart-Phillips (2012)
	NCA: 0.738
PAC: 0.931


	Initial population size
	Number of individuals at the start of the simulation
	Unpublished USFWS Breeding Window Survey Report
	NCA= 36
PAC = 799

	Carrying capacity
	The baseline carrying capacity of the environment of each population
	[bookmark: _GoBack]Nur et al. (1999)
	NCA = 200
PAC = 1300

	Carrying capacity EV
	Variation in carrying capacity
	Unknown
	Assumed none (0)




Table S2. Vital rate estimation methods
Survival: We used a Cormack-Jolly Seber model in Program MARK (White and Burnham 1999) to estimate adult and juvenile survival for the demographically open northern California population. We used RMARK (Laake and Rexstad 2008) to build and compare a set of a priori models that included covariates such as sex, age, and year to predict variation in apparent survival and detection probability. We ranked competitive models based on Akaike information criterion corrected for small sample size (AICc; Burnham and Anderson 2002). We estimated and removed sampling variance using the variance components procedure in Program MARK (White et al. 2001). We lacked sufficient reporting of marked northern California emigrants that bred elsewhere on the Pacific Coast; therefore, we only included mark-resight data collected within northern California and a few cases of those reported in Oregon. For the Pacific Coast, we used published estimates of juvenile and adult sex-specific true survival of plovers in Monterey Bay corrected for process variance (Stenzel et al. 2007, 2011). In VORTEX, we assumed constant survival for adults of all ages after the juvenile age class, but we constrained the longevity of adults to 15 years, which is the oldest known age for snowy plovers (Page et al. 1995). 
Productivity: VORTEX simulates population change based, in part, on the reproductive performance of individuals. In this case, male plovers are the limiting sex because they are solely responsible for the parental care of chicks (Warriner et al. 1986). We assigned three sequential productivity probabilities each year (Figure 2 in Manuscript) according to the following distributions: 1) probability of nesting, 2) probability of producing 0, 1, or 2 successful broods, and 3) for each successful brood, the probability of producing 1, 2, or 3 fledglings. We assumed a 1:1 offspring sex ratio because there was no evidence to suggest otherwise (Kentish plover [C. alexandrinus]: Székely et al. 2004).
We used annual productivity data from northern California to estimate the nesting probability distribution by calculating the proportion of the male population that nested each year between 2001 and 2011. We did not have data from the Pacific Coast population that allowed us to make a similar calculation for the Pacific Coast; thus, we assumed the nesting probability was the same as northern California. We believe this assumption is a conservative approach considering that Nur et al. (1999) assumed 100% nesting probability. 
From the proportion of males nesting, we calculated discrete probability distributions for the annual number of successful broods per male (0, 1, or 2) and the number of fledglings per successful brood (1, 2, or 3) using the individual lifetime reproductive success data collated over the 11 year period.
For the Pacific Coast population, we did not have access to detailed reproductive histories of individuals and thus we used productivity parameters that were available from Oregon’s annual reports (D. J. Lauten et al., Oregon Biodiversity Information Center, unpublished data) to estimate the expected number of successful broods per nesting male and the expected number of fledglings per successful brood per nesting male between 2001 and 2010. We used these expected values to calculate discrete Poisson probability distributions for the two productivity vital rates.
Inbreeding depression is especially a threat to the viability of small isolated populations (Hagen et al. 2011), thus it was valid to consider its role in the viability of plovers in northern California given that inbreeding has occurred in the northern California population on four occasions with one of these events resulting in a clutch that failed to hatch (Colwell and Pearson 2011). There are no published estimates of inbreeding parameters for snowy plovers and thus we used default values in VORTEX that are summary statistics based on surveys of captive vertebrate populations (Table S1).
Movement:  The northern California plover population has been considered a sink because productivity is consistently too low to offset mortality of adults and juveniles and thus it is maintained by immigrants originating from elsewhere along the Pacific Coast (Mullin et al. 2010). Therefore, it was important to address the roles of immigration and emigration in the PVA model. We obtained annual immigration rates by calculating the proportion of the Pacific Coast population in year t – 1 that immigrated to northern California in year t. We obtained annual Pacific Coast population estimates from coast wide breeding “window” surveys conducted annually since 2002 over a one week period in late May (J. H. Watkins, USFWS, unpublished data). Almost all of the northern California population is banded, which allowed observers to identify immigrants based on color bands given to birds elsewhere on the Pacific Coast, or by lack of bands (Mullin et al. 2010). Likewise, we obtained annual emigration rates by calculating the proportion of northern California in year t-1 that emigrated to the Pacific Coast in year t. Reporting of northern California emigrants from along the Pacific Coast was limited to Oregon, where biologists documented the origin of marked immigrants (D. J. Lauten et al., Oregon Biodiversity Information Center, unpublished data). We lacked good information regarding northern California emigrants elsewhere on the Pacific Coast. However, since dispersal rate declines rapidly with distance from the natal population (Stenzel et al. 2007, Colwell et al. 2007), we considered our emigration estimate valid given that the nearest breeding sites are in Oregon. We assumed perfect detection of immigrants and emigrants, therefore our estimates of movement probability are conservative.

Table S3. Vital rate estimation results
Survival: The global model was a reasonable fit to the data (). The top model was overwhelmingly competitive and included the influence of age and year on apparent survival and a linear time trend in detection probability (Table S4). In the top model, mean apparent survival estimates corrected for process variance were greater for adults () than juveniles (; Fig. S5), and were comparable to those estimated in northern California by Mullin et al. (2010).
	Stenzel et al. (2007, 2011) estimated true adult and juvenile survival in Monterey Bay from mark-resight-recovery data using a Barker model. Corrected for process variance, Stenzel et al. (2011) found that adult survival for males () was greater than for females (). Similar to our result in northern California, Stenzel et al. (2007) found that juvenile survival () was lower than adult survival.
Productivity: The percent of the male population nesting varied in northern California between 100% for most years and 90% in 2011 [P(nesting) = 97.22  4.04%]. Between 2001 and 2011, the estimated expected number of successful broods per nesting male was 0.44 for northern California and 0.84 for the Pacific Coast between 2001 and 2010. Likewise, between 2001 and 2011 the expected number of fledglings per successful brood was 1.82 for northern California and 1.87 for the Pacific Coast between 2001 and 2010.
Movement: The annual emigration rate from northern California to the Pacific Coast ranged from 0.16 in 2006 to 0.06 in 2009 ( = 0.1  0.04). Annual immigration rates from the Pacific Coast to northern California were lower and ranged from 0.05 in 2004 to 0.003 in 2009 ( = 0.02  0.01).
There was no evidence of density dependent movement between the northern California population and the surrounding populations of Oregon, San Francisco Bay, and Monterey Bay. In addition to movement, all other vital rates did not have significant correlations with the size of either population.
Correlation in population vital rates: There was evidence that the annual fledglings produced per breeding male was positively correlated between northern California and the Pacific Coast (Pearson’s product-moment correlation: ). We included this correlation coefficient in the VORTEX model so that fate of one population’s productivity was partially dependent upon the other population. No other vital rates had significant correlations.

Table S4. Model selection results examining apparent survival and conditional detection probability for snowy plovers in northern California between 2001 and 2011. Model effects included constant and linear time trends (Time), and differences between years (Year), sex, and age (Age; juvenile or adult) of a bird. The table has models ranked by ΔAICc values corrected for small sample size, and also includes the model weight (wi), number of parameters (K), and model deviance. 
	Model Structure
	ΔAICca
	wib
	K
	Deviance

	Apparent Survival
	Detection Probability
	
	
	
	

	Age + Year
	Time
	0
	0.998
	13
	302.542

	Age
	Time
	17.633
	0.001
	4
	338.617

	Age + Time
	Time
	18.134
	0.001
	3
	341.140


aThe AICc value for the top model was 1093.95
bOnly models with wi > 0.0001 are shown above.




[image: G:\Snowy_Plover\Northern_California_PVA\Manuscript_Figures\BCI\Figure_3.tif]Figure S1. Apparent survival estimates of the top model in the survival analysis for snowy plovers in northern California between 2001 and 2011 corrected for process variance. Variation in apparent survival was best explained by age and year. Error bars represent the 95% confidence interval of apparent survival estimates.
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