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Estimation of Extinction Dates 
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Temporal Sequence of Species Occurrences 

“Contaminated” Sequence of Species Occurrences  
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Reasons For Estimating  
Extinction Dates 

• Missing Species 

– Optimizing search efforts and maximizing 
allocation of limited conservation resources 

• Invasive or Pest Species 

– Optimizing termination of extirpation programs 





Ivory-billed Woodpecker  
Life History & Ecology 

• Largest North American bird (wingspan 80 cm) 
• Geographic range southeastern US (+ Cuba) 
• Preferred bottom land forest, decayed trees 
• Fed on insects and grubs beneath bark 
• Home-range ~ several km2 

• Annual reproduction clutch size 2-4 years 
• Lifespan > 10 years 
• “Common” in 1900s 
• Last specimen collected in 1932 
• Last confirmed sighting in 1944 

 



Reasons For Ivory-billed Woodpecker 
Decline 

• Hunting (American Indians, European settlers) 

• Habitat Change (Agriculture, Forestry) 

• Demand by Collectors (Economic Pressures) 















“We have dedicated our time and our dreams to protecting and conserving this 
area. These woods are my church.“ 
 
 John Fitzpatrick, Director, Lab of Ornithology, Cornell University 

“I must add a note about the personal excitement and pleasure this discovery  
has brought me....Blessed is the one who gives life to the dead.” 
 
Donald Kennedy, Editor, Science 

“It's like a funeral shroud has been pulled back, giving us a brief glimpse of a  
living bird, rising Lazarus-like from the grave. “ 
 
Tim  Gallagher,  Editor, Living Bird, Cornell Lab of Ornithology 







Burlington, VT  
24 December 2008 

Dryocopus pileatus (Pileated woodpecker)  







The Zabruder Film 

November 22nd, 1963 
Dealey Plaza 
Dallas, Texas 















What is the probability that the ivory-billed 
woodpecker persists today? 



Provenance of Art Works… 

…and Museum Specimens 



Joseph Grinnell  
Museum of Vertebrate Zoology 

University of California, Berkeley 

“…I wish to emphasize what I believe will 
be the greatest value of our museum. This 
will not however be realized until the 
lapse of many years, possibly a 
century…the student of the future will 
have access to the original record of the 
faunal conditions… 

…He will know the proportional 
constituency of our fauna by species, the 
relative numbers of each species, and 
the extent of the ranges of species as 
they exist today” 

The Value of Natural 
History Museum 

Collections 

Grinnell, J. 1910. The methods and uses of a research museum. The Popular 
Science Monthly 77:163-169 



Dated, 
georeferenced 
museum specimens 
(1850-1932) 
(N = 239 specimens) 







Modeling Specimen Numbers 

• Data binned into 5-year intervals 

• Specimen number = f(time) 

• Fit Poisson generalized additive model 

• Curve fit with penalized regression spline 
model (Wahba 1990, Ruppert et al. 2006) 

• Generates expected number of museum 
specimens in any 5-year time interval 







Last single individual collected in 1932 
 
Assume that 1/N = proportion of population represented by that individual 
 
p = 1/N = probability of a single individual being collected as a specimen 
 

Model Formulation 

Population size at any future time n(t) can be estimated as: 
 
u(t) =n(t)p  
n(t) = u(t)/p = u(t)N 
 
Probability of persistence = 1 – exp-(n(t))  
[= non-negative portion of Poisson distribution] 



Model Assumptions 

• Declining collection curve of museum 
specimens mirrors overall population decline 
of IBW 

• Per individual probability of capture as a 
museum specimen (= p) is constant 

• Population size n(t) at time t is a stochastic 
realization of a Poisson process 

• Population size in 1932 (=N) is known or 
inferred 



Benchmark Test of Model 

Undisputed 
photographic 
records 
1933-1944 



Benchmark Test with Photo Records 

Assumed N in 
1932 

u(t) in 1944 
(extrapolated) 

 p = 1/N n(t) = u(t)/p P(persistence 
in 1944) 

100 0.0532 0.01 5.32 0.995 

20 0.0532 0.05 1.064 0.665 



Benchmark Test with Photo Records 

Assumed N in 
1932 

u(t) in 1944 
(extrapolated) 

 p = 1/N n(t) = u(t)/p P(persistence 
in 1944) 

100 0.0532 0.01 5.32 0.995 

20 0.0532 0.05 1.064 0.665 

Result: Model based on last museum specimen collected in 1932 
correctly predicts persistence of ivory-billed woodpecker in 1944, 
when it was known from photographic records. 





Estimated Extinction Date 

1932  Population Size Estimated Year of Extinction (p < 0.05) 

20 1961 

100 1969 

500 1977 

1000 1981 

5000 1993 

10,000 1997 

50,000 2005 



Contemporary avian census records  
from IBW search efforts 





Statistical Inference 

• Data on the frequencies of rare species in a 
collection can be used to estimate the number 
of undetected species 

• The greater the frequency of “singletons” and 
“doubletons”, the greater the number of 
undetected species 



Summary of Census Data (2006-2007) 
Site Number of 

Individuals 
Censused 

Number of 
Species 
Recorded 

Search 
Effort 
(Days) 

Congaree River, SC 15500 56 26 

Choctawhatchee 
River, FL  

6282 55 14 

Pearl River, LA 3343 54 9 

Pascagoula River, 
MS 

6701 54 9 

Four-person search teams on foot, by canoe 
Sunrise to sunset searches 
Comparable methods at all sites 
Records for resident and migratory species that winter in 
flood plain forest habitats 
 
 





Efficient “Stopping Rule” for 
terminating searches for undetected 

species  

f(1) = frequency of “singletons” [= number of species represented by 
exactly one individual 
 
R = expected reward for finding an undetected species (including IBW) 
c = cost of censusing one more bird 
n = number of individuals censused so far 

Rasmussen, S. & Starr, N. Optimal 
and adaptive search for a new 
species. Journal of American 
Statistical Association 74, 661–667 
(1979). 

Abandon search when f(1)/n < c/R 

Because c/R ≈ 0 for IBW, abandon search 
when all individuals are represented  
by at least 2 individuals (i.e. no singletons) 





f(1) = 0 (no singletons) 



Estimates of Undetected Species and 
Necessary Census Efforts 

Site Number of 
Individuals 
Censused 

Number of 
Species 
Recorded 

Undetected 
Species 

Additional 
censuses 
required to 
find 
undetected 
species 

Probability that next 
indivdiual censused 
is a new species 

Congaree River, SC 15500 56 ~0 - 8.32 x 10 -9 

Choctawhatchee 
River, FL  

6282 55 1-2 6613 3.18 x 10-4 

Pearl River, LA 3343 54 1-3 3061 8.97 x 10-4 

Pascagoula River, MS 6701 54 1-2 4179 2.98 x 10-4 



Other Published Analyses 

• Elphick et al. (2010) 

• Binary sequence data (…000101000….) 
analyzed with extreme value theory 

• Solow et al. (2012) 

• Bayesian analysis of mixture model (“certain” 
observations), (“uncertain” observations) 



Comparison of Models 

Extreme Value Theory 

• Assumes sudden population 
collapse 

• Uses a mixture of 
specimens, photographs, 
sightings (binary) 

• Traces disappearance of last 
remaining population 

• May be vulnerable to 
repeated observations of 
same animals 

Specimen-based Modeling 

• Assumes gradual decline of 
IBW population 

• Uses only data from dated, 
geo-referenced museum 
specimens (integer) 

• Models decline of 
specimens throughout 
geographic range 

• Specimen data only counted 
once 



Comparison of Model Results 

Study Estimated Extinction Date of IBW 

Specimen-based modeling 1981 (assuming N in 1932 > 1000) 

Elphick et al. (2010) 1941-1945 

Solow et al. (2012) Extinction >4x more likely than 
persistence 



Responses From  
Ornithological Community 

“They can do all the math 
they want, but that 
doesn’t negate what I’ve 
seen…” 

Bobby Harrison,  
President & Treasurer 
Ivory-billed Woodpecker Foundation 
(2004 rediscovery team) 

“I have seen Ivory-bills six 
times and have seen at 
least two different birds.” 



Responses From  
Ornithological Community 
“I think their conclusions are fairly sound 
and their approaches interesting and 
complementary” 
 

Jerome Jackson,  
Author, In Search Of The 
Ivory-billed Woodpecker 

“Other factors, if added in to these studies, might 
suggest an even higher probability of extinction," he 
adds. 

"For both studies, I think there is a 
social/psychological factor involved — all 
of those sightings in the 1960s and again 
in 2004-2005 were not independent, and 
following an initial report each time, later 
sightings were certainly influenced by 
earlier ones.” 

“People see what they 
want to see or what 
they believe to be out 
there.”  



What is the probability that the ivory-billed 
woodpecker persists today? 



Summary 

• Specimen-based modeling estimates 
population decline from museum records 

• Contemporary surveys estimate the number 
of undetected species and necessary sampling 
effort 

• For IBW, surveys nearly complete 

• For IBW, 2011 persistence P = 10-3 to 10-5 

• IBW is now extinct 


