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Deterministic (fitness) Stochastic (neutral)
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Deterministic (fitness) Stochastic (neutral)
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• All animals are equal, but some 
animals are more equal than others
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Guidobaldo del Monte.

scorrectiontermsGalillean ´+= e
dt
dx
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n/adaptatioerministicDarwin/detitystochasticpure ´+= e
dt
dx
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Real numbers (N-<N>)/sqrt(N)
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Deterministic 
(fitness)

Stochastic (neutral)
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To propose a trend or other deterministic hypothesis, one
must rule out noise as an explanation.
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Hubbell 2001, Volkov 2007

9���"��

#�



2��:�0������������
�	,������;�

����������

��
 ����
 �� 1��2 �� !��
", <��6��.�=79 % 6�


/!
��� #"���������� ���� ���"
 "�$
 � !
�
�
�
������ % <�
� ���� #�� ��
 #
����
� �# ���
�
��
�;

�����"�>
	�!�!�"�����������
�

)��
�����	��
��
�����	�	��

�����"�>
	�
!�!�"������

�����
-

.)(
t

ttt

N

NN
tD

-
ºD D+

*��	�
��������
��
�����	�	��
�����"�>
	�
!�!�"�����������
-

• ?�@�

)log()(
t

tt

N
N

tE D+ºD



)�	��������	����%�%��������
� 	

����������

0 5 10 15 20 25 30

400

600

800

1000

1200

1400

1600

0 5 10 15 20 25 30

400

600

800

1000

1200

1400

1600

Small time lag

Large time lag

Small 
change

Large 
change

Small 
dispersion

Large 
dispersion
 �����  �����

Time

P
op

ul
at

io
n 

si
ze



/������ ��!���	�8��0

����������

• If the noise is purely demographic , 

is independent of size N(t). If the 
stochasticity is environmental, the slope of  
Var(D) grow linearly with N. 

• If the noise is purely environmental ,

is independent of size N(t). If the 
stochasticity is environmental, the slope of  
Var(E) decreases like  1/N. 
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• 624 species ,  4528 sites, 1966-2010 
• more than 100,000 time series.
• Perhaps the most extensive sampling effort ever.
• But how much it worth? What is the noise? 
• Effect of sampling error?  
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Random walker

Variance is growing 
linearly with time.

Variance

time

Variance

time

Random stander

Only measurement errors 

Variance is fixed through 
time.

Variance

time
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Sampling error 

Var(E) = t0.66

Yearly variance 
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1. Odd moments vanishes (symmetric
distributions)

2. Even moments of the yearly fluctuations
– symmetric Weibull (stretched
exponential) distribution.

3. Even moments of the sampling noise fit
nicely to the ratio distribution of a
triangular sampling probability.
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Right now we have no theory that produces timeserie s like 
that …

and SAD’s like that …

We have solved for the SAD of a neutral theory with  both 
Environmental and demographic stochasticity. 
It fits the  simulations, but not the data. 

On the other hand, our results do not support the n iche approach. All we 
have shown is that the stochasticity is even STRONG ER than the 
stochasticity that Hubbell/Kimura have taken into a ccount.  
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