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Appendix S1. A general statistical method for estimating the probability of persistence from 

museum specimen records 

Step 1. The analysis uses museum specimen frequency data in the form of yearly records as in 

Appendix S6. Because the raw (yearly) counts t
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(including nonparametric regression). Thus the GAM is flexible and can be fit to many different 

kinds of temporal trends. To estimate each f(t), we fit  the widely used penalized regression spline 

model (Wahba 1990, Ruppert et al. 2006) and selected cubic regression splines as the basis for 

constructing each f(t). The penalized regression spline model controls the degree of smoothness 

by adding a penalty to the likelihood function. This model usually provides a better fit than 

parametric linear or quadratic models. The implementation of the penalized regression spline can 

be found in many software applications, including the Proc Glimmix in SAS. A widely used and 

free software is the mgcv package in R (Wood, 2006) which can be downloaded from 

http://www.r-project.org/.  We used Ivory-billed Woodpecker data as an example in Appendix S3 

to illustrate the model fitting procedures. 

 

Step 3. After the model fitting, we obtain a fitted time series },...,2,1;�Ö{ Ttt . Let k be the latest 

time period with non-zero specimen records. That is, after time period k, there are no specimen 

records (Yt = 0 for  t > k). For a hypothetical population size N in the time interval k, define p as 

the probability that any individual would be collected as a specimen within a single time interval. 

This probability  
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billed Woodpecker data).  
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Range contraction undoubtedly began in earnest with clearing of forests along the lower Atlantic 

coastal plain in the Colonial period. The final period of extinction started after the Civil War, 

when northern timber companies purchased huge tracts of cheap "government-owned" land in 

the southern states. Most virgin timber was cut between 1870 and 1930 (Williams 1989). 

Remnant stands lasted until the early 1940s, but the demand for lumber during WW II for gun 

stocks, cargo pallets, and plywood for PT boats finished those tracts off (and the woodpeckers 
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the corresponding estimated population size, we define p as the probability that any individual, 

living woodpeckers would be collected as a specimen 
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(coefficient of variation, a measure that characterizes the variation of species abundances) in 

the rare group:  

�¿
�¾
�½

�¯
�®
�

��
��

��
� 

�¦�¦
�¦

� � 

� 0,1
)1)((

)1(
ˆ

ˆ
10

1
10

1

10
12  

ifif
fii

C

D
max

i ii i

i i

rare

rare
rare�J  

 

(3) The first-order Jackknife estimator (Burnham & Overton 1978) has the following form  
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Turing’s formula represents the special case of r = 1. For the four census sites, the probabilities 

of detecting a new species with the next individual censused are discussed in the main text.  
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for Hawaiian forest birds and the Ivory-Billed Woodpecker. Avian Conservation and 

Ecology 3: http://www.ace-eco.org/vol3/iss2/art3/



Appendix S6. Dated museum specimens of Ivory-billed Woodpeckers from known 

georeferenced localities.  

 

 

A. Yearly frequency data for museum specimens of the Ivory-billed Woodpecker. B. Museum 

specimen data binned in 4-year intervals. Data for the descending portion of collection curve also 

appear in Fig. 1 (graph inset). 



Appendix S7. Temporal distribution of museum specimens of Ivory-billed Woodpecker 

collected in the United States since 1850.  

 
Year Frequency  Year Frequency  Year Frequency  Year Frequency 
1850 0 1871 0 1892 2 1913 1 
1851 0 1872 1 1893 12 1914 5 
1852 0 1873 0 1894 15 1915 0 
1853 1 1874 1 1895 3 1916 0 
1854 0 1875 0 1896 7 1917 1 
1855 0 1876 10 1897 1 1918 0 
1856 0 1877 11 1898 5 1919 0 
1857 0 1878 2 1899 6 1920 0 

 

00



Appendix S8. Binned yearly frequency distribution of museum specimens of the Ivory-billed 

Woodpecker.  

 
Period Frequency  Period  Frequency  Frequency 
1853-56 1 1881-84 21 1909-12 8 
1857-60 2 1885-88 30 1913-16 6 
1861-64 0 1889-92 25 1917-20 1 
1865-68 0 1893-96 37 1921-24 0 
1869-72 11 1897-00 14 1925-28 2 
1873-76 11 1901-04 28 1929-32 1 
1877-80 16 1905-08 25 > 1932 0 

Zero means that there were no museum specimens collected in that four-year period. These data 

are plotted in Fig. 1 (inset graph) and in Figure S1. 
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