
Simulated Piping Plover Survival 
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B.1. Hypothetical age-dependent daily survival curves used in simulations to investigate sample sizes (banded chicks) and monitoring effort (no. attempts to resight fledging-age chicks) required to detect a decline in plover chick survival from approximately 0.6 to 0.2 over a 5-year period.  Survival to 25 days varied from 0.23 to 0.60.



Piping Plover Survival 
(2 visits between day 18 & 25) 
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B.2.  Simulation results showing observed survival to 25 days in relation to daily detection probability of plover chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.1, assuming 2 resighting attempts (visits) between 18 and 25 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.45.



Piping Plover Survival 
(2 visits between day 18 & 25) 

N detection no. visits AICc (year) AICc (constant) Probability 
50 0.5 2 1392.71554 1396.51807 0.74 
50 0.4 2 1198.75996 1200.89201 0.53 
50 0.3 2 999.52864 999.62203 0.44 
50 0.2 2 753.25775 752.0346 0.3 
75 0.5 2 2082.16101 2088.66156 0.89 
75 0.4 2 1801.03675 1806.94083 0.77 
75 0.3 2 1495.18961 1499.27611 0.74 
75 0.2 2 1117.26027 1117.919 0.43 
100 0.5 2 2763.20818 2775.48023 0.95 
100 0.4 2 2390.33578 2398.7089 0.85 
100 0.3 2 1965.75774 1971.56145 0.78 
100 0.2 2 1482.44161 1484.33318 0.57 
125 0.5 2 3691.94578 3712.04753 1 
125 0.4 2 3207.02489 3222.14969 0.97 
125 0.3 2 2630.57896 2639.73251 0.87 
125 0.2 2 1977.24704 1981.711 0.74 
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Presentation Notes
B.3. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Two resighting attempts (no. visits) were made between 18 and 25 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.74.  By doubling the sample size to 100, the probability of uncovering the 10% change jumps to 0.95.  All of this assumes 2 resighting attempts between 18 and 25 days of age.



Piping Plover Survival 
(3 visits between day 18 & 25) 

Presenter
Presentation Notes
B.4.  Simulation results showing observed survival to 25 days in relation to daily detection probability of plover chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.1, assuming 3 resighting attempts (visits) between 18 and 25 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  The degree of bias is less than that shown in B.2 on account of  3 vs. 2 resighting attempts between 18 and 25 days.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.45.



Piping Plover Survival 
(3 visits between day 18 & 25) 

N detection AICc (year) AICc (constant) Probability 
50 0.5 1569.71502 1574.71191 0.77 
50 0.4 1395.52553 1399.84922 0.71 
50 0.3 1156.52611 1158.20936 0.57 
50 0.2 886.21829 886.22221 0.45 
75 0.5 2351.13046 2361.00706 0.97 
75 0.4 2083.38799 2091.65918 0.89 
75 0.3 1741.92614 1746.57543 0.74 
75 0.2 1312.60981 1315.65099 0.6 
100 0.5 3134.81793 3150.03932 0.98 
100 0.4 2751.70478 2764.46458 0.97 
100 0.3 2326.68575 2336.33374 0.95 
100 0.2 1753.49419 1757.82347 0.69 
125 0.5 4251.18517 4276.29587 1 
125 0.4 3728.20777 3747.61459 1 
125 0.3 3105.98756 3120.78599 0.99 
125 0.2 2350.34707 2359.24508 0.9 
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B.5. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Three resighting attempts (no. visits) were made between 18 and 25 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.77.  By doubling the sample size to 100, the probability of uncovering the 10% change jumps to 0.98.  All of this assumes 3 resighting attempts between 18 and 25 days of age.



Piping Plover Survival 
(4 visits between day 18 & 25) 
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B.6.  Simulation results showing observed survival to 25 days in relation to daily detection probability of plover chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.1, assuming 4 resighting attempts (visits) between 18 and 25 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  The degree of bias is less than that shown in B.4 on account of  4 vs. 3 resighting attempts between 18 and 25 days.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.45.



Piping Plover Survival 
(4 visits between day 18 & 25) 

N Detection AICc (year) AICc (constant) Probability 
50 0.5 1706.01432 1712.31094 0.79 
50 0.4 1541.38017 1547.69985 0.79 
50 0.3 1300.05836 1304.46847 0.73 
50 0.2 1002.43824 1004.36301 0.55 
75 0.5 2553.64841 2566.73897 1 
75 0.4 2311.71894 2323.16051 0.96 
75 0.3 1969.90924 1977.05793 0.87 
75 0.2 1509.20525 1512.61382 0.68 
100 0.5 3419.62287 3440.51341 1 
100 0.4 3059.3395 3074.82248 1 
100 0.3 2621.41091 2634.50514 0.92 
100 0.2 1986.32368 1993.7486 0.9 
125 0.5 4634.28925 4665.47753 1 
125 0.4 4161.7096 4187.7528 1 
125 0.3 3501.40323 3524.05479 1 
125 0.2 2690.33284 2702.78285 0.99 
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B.7. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Four resighting attempts (no. visits) were made between 18 and 25 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.79.  By doubling the sample size to 100, the probability of uncovering the 10% change jumps to 1.0.  All of this assumes 4 resighting attempts between 18 and 25 days of age.



Simulated Least Tern Survival 

0.75

0.80

0.85

0.90

0.95

1.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Da
ily

 S
ur

vi
va

l 

Age (day) 

LETE survival = 0.25

LETE survival = 0.35

LETE survival = 0.45

LETE survival = 0.54

LETE survival = 0.63

Presenter
Presentation Notes
B.8. Hypothetical age-dependent daily survival curves used in simulations to investigate sample sizes (banded chicks) and monitoring effort (no. attempts to resight fledging-age chicks) required to detect a decline in tern chick survival from approximately 0.6 to 0.2 over a 5-year period.  Survival to 18 days varied from 0.25 to 0.63.



Least Tern Survival 
(2 visits between day 14 & 18) 
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B.9.  Simulation results showing observed survival to 18 days in relation to daily detection probability of tern chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.8, assuming 2 resighting attempts (visits) between 14 and 18 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.25.



Least Tern Survival 
(2 visits between day 14 & 18) 

N Detection  no. visits AICc (year) AICc (constant) Probability 
50 0.5 2 1269.62414 1273.66605 0.67 
50 0.4 2 1127.03421 1129.16495 0.57 
50 0.3 2 952.69124 952.90792 0.47 
50 0.2 2 728.88745 726.78593 0.23 
75 0.5 2 1914.66859 1921.90241 0.9 
75 0.4 2 1685.68942 1690.41532 0.75 
75 0.3 2 1433.64608 1436.01193 0.63 
75 0.2 2 1085.93428 1086.31396 0.48 
100 0.5 2 2525.72 2538.03238 0.96 
100 0.4 2 2231.19107 2240.39203 0.93 
100 0.3 2 1865.4794 1870.74601 0.86 
100 0.2 2 1428.8272 1431.43413 0.62 
125 0.5 2 3105.40479 3119.5597 1 
125 0.4 2 2714.96471 2727.0498 0.97 
125 0.3 2 2284.20376 2291.94008 0.88 
125 0.2 2 1740.79801 1744.0917 0.62 
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B.10.. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Two resighting attempts (no. visits) were made between 14 and 18 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.67.  By doubling the sample size to 0.96, the probability of uncovering the 10% change jumps to 0.95.  All of this assumes 2 resighting attempts between 14 and 18 days of age.



Least Tern Survival 
(3 visits between day 14 & 18) 
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B.11.  Simulation results showing observed survival to 18 days in relation to daily detection probability of plover chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.8, assuming 3 resighting attempts (visits) between 14 and 18 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  The degree of bias is less than that shown in B.9 on account of  3 vs. 2 resighting attempts between 14 and 18 days.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.25.



Least Tern Survival 
(3 visits between day 14 & 18) 

N Detection AICc (year) AICc (constant) Probability 
50 0.5 1463.16042 1472.81778 0.94 
50 0.4 1307.58506 1312.68592 0.77 
50 0.3 1118.05583 1123.1031 0.7 
50 0.2 866.8174 867.81827 0.49 
75 0.5 2184.70577 2199.7703 0.97 
75 0.4 1964.7519 1976.42127 0.92 
75 0.3 1666.81142 1674.07981 0.85 
75 0.2 1297.7679 1300.99382 0.69 
100 0.5 2895.00002 2915.92089 1 
100 0.4 2600.38761 2618.89388 0.98 
100 0.3 2218.57264 2230.22904 0.94 
100 0.2 1715.49556 1722.65352 0.92 
125 0.5 3544.31736 3571.15108 1 
125 0.4 3197.0076 3221.92304 0.99 
125 0.3 2711.8263 2729.11079 0.97 
125 0.2 2088.00433 2097.14139 0.87 
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B.12. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Three resighting attempts (no. visits) were made between 14 and 18 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.94.  By doubling the sample size to 100, the probability of uncovering the 10% change jumps to 1.0.  All of this assumes 3 resighting attempts between 14 and 18 days of age.



Least Tern Survival 
(4 visits between day 14 & 18) 
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B.13.  Simulation results showing observed survival to 18 days in relation to daily detection probability of plover chicks and sample size (no. chicks banded).  Results are shown for each of 5 hypothetical age-dependent survival curves shown in B.8, assuming 4 resighting attempts (visits) between 14 and 18 d of age, and that survival increases by approximately 10% per year.  True survival for each year is indicated by “reality.”  Observed survival is a biased estimator of true survival on account of imperfect detection.  The degree of bias decreases with detection rate.  The degree of bias is less than that shown in B.11 on account of  4 vs. 3 resighting attempts between 14 and 18 days.  As a point of reference, USGS detection daily rates for plovers in the evaluation were approximately 0.25.



Least Tern Survival 
(4 visits between day 14 & 18) 

N Detection AICc (year) AICc (constant) Probability 
50 0.5 1583.09707 1593.86196 0.95 
50 0.4 1432.70707 1441.51354 0.88 
50 0.3 1244.1508 1250.4887 0.81 
50 0.2 983.69675 986.37699 0.67 
75 0.5 2348.59061 2366.1793 1 
75 0.4 2153.54333 2167.86555 0.99 
75 0.3 1870.9604 1882.04609 0.94 
75 0.2 1464.9367 1472.02563 0.76 
100 0.5 3114.84385 3143.81419 0.99 
100 0.4 2849.99475 2871.83356 1 
100 0.3 2485.166 2503.56395 0.99 
100 0.2 1937.29468 1947.61684 0.89 
125 0.5 3834.56776 3866.68909 1 
125 0.4 3515.01162 3545.25229 1 
125 0.3 3034.63157 3057.04011 1 
125 0.2 2379.03379 2394.79898 0.99 
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B.14. Probability of detecting a “year effect” given:  1.  True survival increased by approximately 10% per year.  2.  Four resighting attempts (no. visits) were made between 14 and 18 d of age.Results are shown for sample sizes (no. chicks banded) of 50, 75, 100, and 125 and for daily detection probabilities of 0.2, 0.3, 0.4, and 0.5.AICc (year) is the average AIC value (n = 100 simulations) for a model assuming a linear effect of year on survival.  AICc(constant) is the average AIC value (n = 100 simulations) for a model positing a constant effect of year on survival.“Probability” is the proportion of simulations in which the “year” model was more supported (lower AIC) than the “constant” model and can	be thought of as an information-theoretic analog of statistical power.For example, with a sample size of 50 marked chicks and a daily detection probability of 0.5, the probability of uncovering the 10% annual change in survivalover a 5-year period is 0.95.  By doubling the sample size to 100, the probability of uncovering the 10% change jumps to 0.99.  All of this assumes 4 resighting attempts between 14 and 18 days of age.
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