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Hill numbers

® Species diversity:
Species richness and Evenness among abundances
Monotonicity and Principle of Transfer (Patil & Taillie 1982)

® Diversity indices :
Richness s
Shannon Entropy — Zizl p; log p,
Gini-Simpson index 1— Zi:l p?

® Replication principle (doubling property) (Hill 1973, Jost 2006)

 Two completely distinct (no overlapped species) communities,
each with diversity measure X

 Combine these two, the diversity becomes 2X



koS

kol
Species richness 4 + 4 =8
Entropy? 1.39 +1.39#2.08

Gini_Simpson index? 0.75+0.75 #0.875

Species richness 4+4 =8
Exp(entropy) 4+4 =8
Inverse (1-Gini_Simpson) 4+4 =8



Hill Numbers ( Hill 1973 )

s 1/(1-q)
qD:(Zpiqj ,g20

=1

e g=0,° =Species richness
e g=1,1D= exponential of entropy D =eXp(—Z . log pi)

 g=2,°D=inverse of Simpson index zp :1/281 %

i=1

e Effective number of species

Communty2:
Communityl: —_— D species
Hill numbers =D with relative abundance:
1/D, ...,1/D.

 Doubling property



The importance of “Doubling Property”

1000 — 600 species 400 species
species disappear survive
Gini-Simpson g 999 0.9983 0.9975
index
0.9983/0.999=0.999 almost diversity vanished
0.9975/0.999 =0.998 almost diversity conserved
Inverse of 1/(1-0.999) 1/(1-0.9983)  1/(1-0.9975)

Simpson index =1000 =600 =400




Distance-based Functional Diversity

* Functional Attribute Diversity (FAD, Walker et al. 1999)

FAD = idij

i, j=1

e Rao’s quadratic entropy (Rao 1982)

S _
Q:Zpidijpj :Qﬁ:Qy 9
1, j=1 Q;/

e Effective number species with maximum distance
( Ricotta & Szeill 2009, de Bello et al. 2010)

* _Qe,y/Qe,a_l
-t TR TN
e l_Q/dmax 1-
= Q=

1-1/N



Motivation

* Example 1: two communities, each has S species and no shared
species. The functional distance between two individuals is zero
if they belong to the same species, and 1. otherwise.

Q;/_Q 1 * Q /Q -1 ok 1_Qe /Qe
- — a _ _ &y *e&a -1 — 1ad 7 =1
% Q, 25 -1 Qe N -1 Qe 1-1/N
* Example2: Region | Region II
0 0.1 02 0.2 0 0.1 02 |09
01 0 02 0.2 01 0 02 02
02 02 0 0.1 02 02 0 01
02 02 01 O | 09 02 01 0
Measure Case | Case Il
Q,-Q,
Qs = 0 0091 < 0.310
* _1_1/Qe,ﬁ
Qs =T0N 0.250 > 0.127

qr, =2t 0143 > 0.068

N-1




A framework based on Hill numbers

* Neutral diversity: (P, Pyi-oe)

S D 1
2Axpl=21x(2)" = D=
i=1 i=1 D

e Functional diversity:

S S

> dy(ppy)t = ZZQ (

i=1 j=1

i=l j=1

= "D(Q) {

s S d.
> —(pipy)

i=1 j=1

_d11 d, ---dls_ pr PP, - plpS_ 0 Q .. Q (%) (%) (%)
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,where Q" =QD/(D-1)and Q = >_p.d; p,
]
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A framework based on Hill numbers

1

. . s . 3. d. 2(1-q)
® Functional Hill number: D(Q) =| > > —L(p, p,)*

i=1 j=1

* when d; is comstant, 9D(Q) = 9D (Hill 1973)

® (Total) functional diversity: “FD(Q) =[‘D(Q)]* x Q

 wheng=0,°D(Q)=FAD (Walker et al. 1999)

® Mean functional diversity: ‘MD(Q)="FAD(Q)/D(Q)

 wheng=0,°MD(Q) = FAD/S (MFAD, Schmera et al. 2009)



Partitioning Functional Diversity Measures

1/2(1-9)
Functional Gamma diversity: °D (Q) {iidij[p‘g” }

i=1 j=1

1/2(1-q)
Functional Alpha diversity: qDa(Q):l{i idij(wkp‘kwmpjm }
L

Functional Beta diversity: p (qQ)= :gyig;

Functional Differentiation measures:
[qDﬂ(Q)]l_q -1
N(l—Q) -1

['D,(Q)]"" -1
N (1-q) 1

local differentiation: 1-c_ (Q) =

regional differentiation: 1-U_(Q) =




Example

Region 1: Region 2:

0 0.1 0 0.1 0.2 09]
01 0 02 0.2 00 0 02 0.2
02 02 0 0.1 02 02 0 01

102 0.2 109 02 0.1 |

Measure Order g Case | Case Il

q=0 0.348 0.531
1-Cou(Q) q=1 0364 < 0517
q=2 0.376 0.503
q=0 0.516 0.694
1-Uy (Q) q=1 0364 < 0517
q=2 0.231 0.336

. Q,-Q,
Qp = Q, qg=2 0.091 0.310

1-1/Q, _

=T =2 0.250 0.127
Q= g=2 0.143 0.068




Real data analysis (discussed by Ricotta et al. 2010)
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Embryo (EM) dune | Mobile (MO) dune Tfanéition (TR) dune

EM (17 species) MO (39 species) TR (42 species)

16 16 16
1 1
22 22
4

Diversity: TR > MO > EM 13



Real data analysis (discussed by Ricotta et al. 2010)

e 16 function traits (7 quantitative variables, 9 categorical variables)
e Using Gower distance to calculate functional distance

T N I N

2 0.513 0.556 0.561
Qe 2 2.94 3.39 2.95
IFD(Q) 0 162.15  902.18  1053.67

1 50.78 247.68  351.30

2 30.58 129.79  211.67

IMD(Q) 0 9.12 22.40 24.31
1 5.10 11.74 14.04

2 3.96 8.49 10.89

1D(Q) 0 17.77 40.26 43.33
1 9.95 21.10 25.02

2 7.72 15.27 19.42
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Real data analysis (discussed by Ricotta et al. 2010)

EM - MO

il : .
e IR Gi L

Measure Order EM vs. MO EMvs. TR MO vs. TR |
(Q.Q,) (0.550, 0.535) (0.561, 0.537) (0.574, 0.559)
(1) Differentiation measure based on additively partitioning quadratic entropy
o q=2 0.0279 0.0421 0.0257
(2) Differentiation measure based on the effective number of maximally distinct
species
S Qg oy 0.0659 0.1021 0.0669
1-1/N
=22t q=2 | 00341 0.0538 0.0346
(3) Distance-based differentiation measures derived from the functional beta
diversity
q=0 0.396 0.458 0.063
1-Cw(Q) q=1 0.428 0.714 0.282
q=2 0.576 0.841 0.456
q=0 0.567 0.628 0.118
1-U,(Q) g=1 0.428 0.714 0.282
q=2 0.405 0.725 0.295 15




Conclusions

® Rao’s quadratic entropy and Ricotta’s effective number of species with
maximum distance may not be directly used to measure functional
diversity and differentiation among communities.

® Extended ordinary Hill numbers to distance-based functional diversity
measures (9D(Q), IMD(Q), 9FD(Q) ) to take into account the pairwise
functional distance.

® We have developed the decomposition of proposed three functional
diversity measures of any order g, where alpha and beta components
are unrelated.

® Beta component measures can be transformed onto the range [0, 1]
to obtain the normalized distance-differentiation measures.
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Thank you very much.



