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Rare species account for 30-60% of species richness 
in temperate and tropical forest plots
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Introduction
Mechanical explanation:

spatial niche difference:

Niche position hypothesis (Gaston, 1994);

Dominants-subordinates-transients hypothesis 

(Grime, 1998);

Core-satellite species hypothesis (Hanski, 1982,1991);

From Grime, 1998, J. Eco., 86:902 From Gibson, 1999, J. Eco., 87:1064



Introduction
Mechanical explanation:

Temporal niche difference: Storage effect (Chesson, 2000; 

Kelly et al. 2001)

Neutral theory: Resource randomly assigned;

But testing these hypotheses is a methodological 

challenge:
1. Niche differentiation could be an artifact when the 

examined species exclude each other competitively from 

parts of their fundamental niches in natural communities;

2.  Controlled experiments simplifies the environmental 

conditions and ‘similar’ niches in laboratory conditions 

may neglect multidimensional requirements of species 

niches;



Kelly et al., 2008

Kelly et al. (2008) found that abundance of trees is closely 

correlated with phylogenetic distance in a Mexican forest;

Anderson et al. (2004) found that species abundance in 

yeast community also correlated with its genetic 

relatedness.

Phylogenetic distance-good substitute



Abundant  

resource

Rare

resource

Following niche differentiation hypotheses, abundant 

species are distantly related to rare species, and rare 

species are distantly related to one another. 



Niche differentiation hypothesis predicts:

1) Rare species contribute more to the community phylogenetic

diversity;

2) There is phylogenetic signal in abundance of communities;

3)    Rare species would be dissimilar with common species, and rare 

species should be dissimilar with one another.



2. Methods:

CTFS plots



Methods:
1. Phylogenetic trees were constructed using 

phylomatic under APG III.

Tree of Changbai 

plot, with 52 species 

belonging to 32 

genera, and Yasuni with 

1045 species to 339 

genera;



StdPDi=PDi-mean(PDnull)

PDi: standardized PD of the ith most abundant species;

Methods

1) Species abundance rank - standardized 

phylogenetic diversity (SAPD) Curve:



Distant phylogenetic relatedness 
between common and rare species



Random phylogenetic relatedness 
between common and rare species



Close phylogenetic relatedness 
between common and rare species



Close phylogenetic relatedness 
between common and rare species



Close phylogenetic relatedness 
among rare species



Methods:

2) Piecewise regression

stdPDi is the value of stdPD for ith species rank, αj is the jth 

breakpoint (the turning point between subseries), and the slopes 

of the lines are β1, β1+β2,…., and βj is the difference in slopes, I is 

an indicator variable.



Methods:
3) Mann-Kendall trend test: test the increasing 

trend of stdPDi  along species rank.

4) Phylogenetic signal analysis of species abundance

Quantify phylogenetic signal using K statistics of 

Blomberg et al. (2003).

If K>1, the species abundance have more phylogenetic signal than 

expected under Brownian motion;

If K<1, the species abundance have less phylogenetic signal than 

expected;

5) Nearest taxon index (NTI) was used to calculate phylogenetic 

dispersion of common and rare species.
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Results:
1. We detected three types of species rank-standardized 

phylodiversity curves (SAPD).

Yasuni BCI Dinghu



Changbaishan XSBNGutianshan

Sinharaja Pasoh Lambir

Palanan LuquilloFushan

HKK La PlanadaMudumalai



Mann-Kendall Tau and its probability of an observed trend index greater 

than trend indices from the null SAPD curves



Table 3. The standardized phylogenetic diversity (stdPD) for 

common species and rare species

stdED 



Table 4. Phylogenetic signal in species abundance data.



Table 5. Phylogenetic similarity within and between common and 

rare species 



Conclusions:

1. Rare species in 

Changbaishan, Gutianshan, Xishuangbanna, 

Pasoh, Lambir and Yasuníhave significant 

higher cumulative PD than expected;

2. In BCI, the contribution of rare species to 

community PD is significantly less than 

expected;

3. In 

Dinghushan, Palanan, Luquillo, Fushan, Sin

haraja, La Planada and Mudumalai, the 

contribution of rare species to community PD 

is not significantly different from random;

4. In HKK, some rare species contribute 

more, and some rare species contribute less.



1.There was no reason to assume that all 

assemblages will be structured in generally the 

same way;

2.Their analysis did not address the influence of 

spatial scale on the observed ecological 

differentiation between rare and common species.
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