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Appendix 1 
Table A1. Summary of logistic regression models predicting the probability of extinction as a 

function of 1950s abundance for six focal species (Fig. 5). For each taxa we provide the sample size 

(n), intercept (β0), slope (β1), pseudo-R2 (proportion of deviance explained), test-statistic, and p-

value for the naïve models assessing apparent extinctions. 

 

Taxa n β0 β1 pseudo-R2 Z p 

Corylus americana 49 –3.42 –1.35 0.15 –2.816 0.005 

Eurybia macrophylla 21 –22.89 –1.66 0.28 –2.297 0.022 

Dioscorea villosa 27 –4.47 –1.17 0.05 –1.061 0.289 

Desmodium glutinosum 53 –1.37 –0.35 0.02 –1.110 0.0.267 

Athyrium filix-femina 35 –8.28 –2.73 0.25 –2.470 0.014 

Laportea canadensis 10 –2.93 –0.92 0.07 –0.871 0.384 
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Table A2. Summary of logistic regression models predicting the probability of colonization as a 

function of 2000s abundance for six focal species (Fig. 6). For each taxa we provide the sample size 

(N), intercept (β0), slope (β1), pseudo-R2 (proportion of deviance explained), test-statistic, and P-

value for the naïve models assessing apparent colonizations. 

 

Taxa n β0 β1 pseudo-R2 Z p 

Osmorhiza claytonia 41 –1.35 –0.29 0.03 –1.129 0.259 

Viola sororia 53 –2.57 –0.65 0.07 –2.081 0.037 

Elymus hystrix 22 –2.50 –1.09 0.18 –1.977 0.048 

Rubus allegheniensis 56 –2.37 –0.67 0.11 –2.654 0.008 

Arisaema triphyllum 74 –1.36 –0.68 0.11 –3.072 0.002 

Caulophyllum 

thalictroides 

44 –1.17 –-0.68 0.06 –1.730 0.084 

 

 

 

Table A3. Summary of statistical models comparing the effect of patch area on naïve and adjusted 

rates of community-wide local extinction and colonization estimates (Fig. 7). We provide the 

degrees of freedom (numerator, denominator), F-statistic and p-value for each model and term. 

Model Term df F p 

Extinction Area 1,81 6.984 0.010 

 Correction 2,162 389.442 < 0.001 

 Area × Correction 2,162 1.570 0.211 

     

Colonization Area 1,81 19.153 < 0.0001 

 Correction 2,162 751.808 < 0.001 

 Area × Correction 2,162 13.238 < 0.001 
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Figure A1. Example simulations for (a) random, (b) low contagion, and (c) high contagion spatial 

distributions with a local species density of 0.05 as well as (d) how the degree of spatial aggregation 

varies with local species frequency and among different simulations. The level of spatial 

aggregation in species distribution (species present in black grid cells) quantified by the proportion 

of like adjacencies (PLADJ). These examples further illustrate the different sampling schemes 

employed in our simulations (sampled quadrats in red): (a) 20 randomly placed quadrats, (b) 20 

evenly spaced quadrats following the Wisconsin Plant Ecology Laboratory (PEL) methods, and (c) 

80 randomly placed quadrats. (d) The mean proportion of like adjacencies (a measure of spatial 

clustering) increases with local species density but differs consistently among the random, low 

contagion, and high contagion simulations.  
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Figure A2. Map of study sites in southern Wisconsin. 83 southern upland forest sites (green circles) 

were surveyed between 1949–1950 and resurveyed between 2002–2004. The grey band marks the 

location of a pronounced floristic tension zone (Curtis 1959). 

  



	 5	

 	  

 

Figure A3. Biplot showing abundance distributions and shifts in species’ abundances between 

1950s and 2004 in forest understory communities in southern Wisconsin. Points plotted reflect 

estimates of regional total frequency (proportion of quadrats occupied across all sites) for each 

species. We chose 12 focal species for detailed analyses of apparent extinction (red points) and 

colonization (blue points) – Fig. 5–6. 
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Figure A4. Effects of sampling scheme and spatial contagion on probabilities of missing species in 

a sample. Here, we compare the binomial-based sampling model (solid black lines, +/– variance 

shown with dashed lines) to spatially explicit simulations based on different levels of contagion 

(clumping in space) and regularly spaced versus random samples (colored lines, +/– variance 

delimited by shaded area). The binomial model provides accurate predictions when there is either 

truly random sampling or random spatial distributions. The binomial model also provides 

reasonable predictions for evenly-spaced samples as long as species are not highly aggregated. 

“PEL” sampling was used in the case study and refers to the University of Wisconsin’s Plant 

Ecology Laboratory. 
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Figure A5. Effects of sampling scheme and spatial aggregation on the estimated variance in the 

probability of missing a species. Here, we compare variance estimated for the binomial-based 

sampling model (dashed black lines) to variance estimated from spatially explicit simulations 

(colored lines). Note that with either truly random sampling or random spatial distributions, the 

binomial model variance matches spatially explicit simulations. However, with spatially non-

random sampling and highly aggregated species’ distribution, sampling variance will exceed 

variance using the binomial sampling model.  
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Appendix 2 

Derivation of the phantom species model 

This	derivation	focuses	on	correcting	estimates	of	apparent	extinction	in	a	single	species	for	
pseudo-extinction.		The	model	for	apparent	colonization	is	similar	but	inverse,	that	is	the	model	
for	apparent	colonizations	will	swap	times	1	and	2.		
	
𝑖 = 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟	𝑓𝑜𝑟	𝑠𝑖𝑡𝑒𝑠	1, … , 𝑆	
𝑗 = 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟	𝑓𝑜𝑟	𝑠𝑢𝑟𝑣𝑒𝑦	𝑝𝑒𝑟𝑖𝑜𝑑𝑠	1	𝑎𝑛𝑑	2	
𝑘 = 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟	𝑓𝑜𝑟	𝑡𝑎𝑥𝑎	1, … , 𝑇		
𝑛;< = 𝑛𝑢𝑚𝑏𝑒𝑟	𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠	𝑠𝑎𝑚𝑝𝑙𝑒𝑑	𝑎𝑡	𝑠𝑖𝑡𝑒	𝑖	𝑎𝑛𝑑	𝑡𝑖𝑚𝑒	𝑗	
𝑥;< = 𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠	𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑	𝑎𝑡	𝑠𝑖𝑡𝑒	𝑖	𝑎𝑛𝑑	𝑡𝑖𝑚𝑒	𝑗	
𝑝;< = 𝑡𝑟𝑢𝑒	𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛	𝑜𝑓𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠	𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑	𝑎𝑡	𝑠𝑖𝑡𝑒	𝑖	𝑎𝑛𝑑	𝑡𝑖𝑚𝑒	𝑗			

𝑝;< = 	
𝑥;<
𝑛;<

, 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑	𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛	𝑜𝑓	𝑡ℎ𝑒	𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠	𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑	

	
We	define	an	apparent	extinction	as	the	case	in	which	a	species	was	observed	during	time	1	but	
not	observed	during	time	2:	
	

𝜃; 	= 	
1 𝑖𝑓	𝑥;C > 0	𝑎𝑛𝑑	𝑥;F = 0									
0 𝑖𝑓		𝑖𝑓	𝑥;C > 0	𝑎𝑛𝑑	𝑥;F > 	0			

	
We	can	then	predict	the	probability	of	observing	an	apparent	extinction	using	logistic	regression:	
	

𝑃 𝜃; = 1 = 	
1	

1	 + 𝑒IJ 	
	
Where:	
	

𝜂	 = 	𝛼M + 𝛼C𝑝;C	
	

In	our	models	we	included	only	initial	abundance	as	a	predictor	for	simplicity	but	other	
environmental	predictors	could	be	incorporated	as	well.	
	
For	community-wide	estimates,	we	formulated	a	multilevel	model	which	resembles	the	logistic	
model	above	but	allows	the	intercept	and	slope	to	vary	randomly	among	species.	One	could	
similarly	formulate	a	logistic	regression	for	each	taxa	but	the	multilevel	model	is	likely	to	generate	
better	estimates	when	sample	sizes	are	small.	
	

𝜂	 = 𝛼0 +	𝑏𝑘 +	 𝛼1 + 𝑐𝑘 𝑝𝑖1𝑘	

𝑏	~	N 0, 	𝜎QF 	

𝑐	~	N 0, 	𝜎RF 	

	
The	probability	of	observing	an	apparent	extinction	is	in	fact	a	combination	of	the	probability	of	
observing	a	true	extinction	and	the	probability	of	observing	a	pseudo-extinction:	
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𝑃(𝜃; = 1) = 𝑃 𝜃; = 1	 ∩	𝑝;F = 0 + 𝑃(𝜃; = 1	 ∩	 	𝑝;F > 0)																																												

= 𝑃 𝑝;F = 0 	+ 	𝑃(𝑝;F > 0)×𝑃(𝜃; = 1	|	𝑝;F > 0)																				
	
Thus,	we	can	calculate	the	probability	of	a	true	extinction	as	the	difference	between	the	
probability	of	observing	an	apparent	extinction	and	the	probability	of	observing	a	pseudo-
extinction:	
	

𝑃 𝑝;F = 0 	= 	𝑃(𝜃; = 1) − 𝑃(𝑝;F > 0)×𝑃(𝜃; = 1	|	𝑝;F > 0)	
	
Recognizing	that:	
	

𝑃 𝑝;F = 0 	+ 	𝑃(𝑝;F > 0) 	= 	1	
	
We	can	solve	for	the	probability	of	observing	a	true	extinction:	
	

𝑃 𝑝;F = 0 	=
𝑃(𝜃; = 1) 	− 𝑃(𝜃; = 1	|	𝑝;F > 0)	

1	 − 𝑃(𝜃; = 1	|	𝑝;F > 0)  

In	our	model,	we	make	two	key	assumptions	to	generate	point	estimates	for	the	probability	of	
missing	a	species	given	that	it	is	present.	In	a	Bayesian	framework,	these	parameters	could	more	
realistically	be	modeled	using	probability	distributions.	In	this	paper,	we	rely	on	point	estimates	
for	simplicity.	
	
First,	we	can	assume	that	when	a	species	does	persist	either	its	true	abundance	remains	constant:		

𝑝;F 	= 𝑝;C	
	
Which	in	practice	this	becomes:	
	

𝑝;F 	= 𝑝;C	
	
Or	that	the	change	in	local	abundance	is	proportional	to	the	change	in	regional	abundance:	
	

𝑝;F = 	𝑝;C
𝑝;FY

;
𝑆

𝑝;CY
;

𝑆

	

	
Which	in	practice	becomes:	

𝑝;F = 	𝑝;C

𝑥;FY
;

𝑛;FY
;

𝑥;CY
;

𝑛;CY
;

	

	
We	can	then	estimate	the	probability	of	missing	a	species	that	is	actually	present	at	a	given	
abundance	and	sampling	intensity	using	the	binomial	distribution:	
	

𝑃 𝑥;F = 0	 	𝑝;F > 0 = 	 (1 − 𝑝;F)Z[\ 	
	
In	practice,	we	estimate	the	probability	that	we	missed	a	species	at	time	2	as:	
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𝛽;F = (1 − 𝑝;F)Z[\ 	

	
We	can	then	estimate	the	true	probability	of	extinction:	
	

𝑃 𝑝;F = 0 	=
𝑃(𝜃; = 1) 	− 𝛽;F	

1	 − 𝛽;F
 


