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A South African indigenous medicinal plant
may hold the key to the treatment of millions
of poor people living with HIV and Aids,
helping them relieve the symptoms of Aids.

For the first time in South Africa's medical
history, the plant, Sutherlandia Frutescens,
sub-species Microphylla, is to undergo clinical
trials to assess its immune-boosting
properties.

The Mfedic.al Research

Council will conduct the

BEAE SPORT trials early next year
[BB[CRi A and results are

expected within three
SERVICES to six months.
Daily E-mail

We are certainly not
making the absurd
claim that
Sutherlandia is a
cure-all or a cure for
Aids
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Vitellaria paradoxa




http://slowvelder.wordpress.com/tag/marula/
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The value of wild plant harvest

« Up to 300 million people annually earn part or all
of their livelihood and food from forests.

« Nearly US$90 billion in non-timber forest
products harvested per year.

« 80% of world population relies upon medicinal
plants for their primary healthcare.

Ecological Society of America
Pimentel et al. 1997, Human Ecology 25: 91-120



How sustainable is our current use of forest
resources?




Over-exploitation
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* Are species more resilient to harvest in less
stressful environments (moist, nutrient rich, etc.)?

* How do you quantify sustainability of use
when environmental conditions are changing
(testing I.1.D. versus Markovian environments)?




Harvest matrix models

n(z +1)= HAn(?)

where H=diag(h,.... h,), and A is a sxs matrix

h; is the proportion of stage / surviving harvest

For harvest to be sustainable, the dominant
eigenvalue of HA must be =1



Context and Data



Mahogany
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Khaya senega



Benin

Areas: | 14,763 Km?
Population (2010): 9.05 million
GDP (2009): $1,500 per capita
Cotton: 40% of GDP
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Bierschenk et al. (2003) Dev. Policy Review 21:161-78; US State Dept. (2010)




mahogany timber
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Study design
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Khaya Population Matrix “A”
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Ecological variation, stochasticity and the
sustainability of harvest



Lefkovitch (stage-based) matrix model

n(z+1)=An(z)

n, ) ( P R, F F, \( n, )
n G, P 0O O n

2 (t + 1) — 1 2 2
n, 0 G, P O n,
o \ 0O 0 G, P JIy

A: population growth rate




Harvesting: deterministic model

n(t+1)= An(t)
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Stochastic matrix population models

n(iz)=A@)n(—1)
niz)=A,_ A _,...A N,

n) ) [ R@® 0 R® F® | me-1
m@) | | G@® P 0 0 n,(t—1)
@ | | 0 G,() P O n,(t—1)
@ | 0 0 GO RO ) ne-D
1
log A, = hm;logHAZ_lAt_z A
[—>o0

LogA, is the stochastic population growth rate.



Harvesting: stochastic |.1.D. model

n(t)=A{)n(t—-1)

site1 site2
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Harvesting as Markov Process

niz)=A()n(—-1)
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Stochastic (i.i.d.) population dynamics
(for a given harvest level and climate, at each time step, matrices
were drawn at random with equal probability)

.02
~
~
~
" 1.0l - ~ ~

< S
D) ~
4§ |OO S Qs s \\ .............................................................
e ~ ~ w
% 099 A
o0
Y
% 098 -
S . Dry
2 ]
& 097 — - Moist .

0.96 ; .

Low Harvest High Harvest
Gaoue & Ticktin (2010) Harvest intensity

Conservation Biology



0.99
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Asymptotic growth rates underestimate the
transient response to harvest



PCOLOGY LETTERS

Ecology Letters, (2011) doi: 10.1111/j.1461-0248.2011.01659.x

REVIEW AND
SYNTHESIS A framework for studying transient dynamics of population

projection matrix models

Abstract

lain Stott," Stuart Townley? and Empirical models are central to effective conservation and population management, and should be predictive
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Figure 1 Tllustration of transient population dynamics arsing from a density-
independent, time-invariant PPM model. A population with stable demographic
distribution (dashed line; hatched bar plot) declines at a rate equal to A, each time
interval. However, real-world populations have initial demographic distributions
that differ from the stable demographic distribution (solid line; grey bar plot) and
exhibit transient dynamics.
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Ecology Letters, (2007) 10: 1143-1153 doi: 10.1111/j.1461-0248.2007.01108.x

Time, transients and elasticity

C. V. Haridas* and Shripad

Tuljapurkar

Abstract
How does life history affects the short-term elasticities of population growth rate? We
decompose short-term elasticity as a sum of (i) the effect of the perturbation in rates on

Journal of Applied Ecology

Journal of Applied Ecology doi: 10.1111/5.1365-2664.2010.01801.x

REVIEW
Matrix models for a changeable world: the importance
of transient dynamics in population management
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© 2009 by the Ecological Society of America
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Abstract

Short-term, transient population dynamics can differ in important ways from long-term
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Lefkovitch matrix models

(t+1)=

n(t+1)= An(z)
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Elasticity of asymptotic dynamics

= _
/ (9al-j viw

w = right eigenvector
v = left eigenvector
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Transient dynamics: r(f) and elasticity
(Caswell 2007. Ecology Letters 10:1-15)

r(t)=1logN(t+1)—1logN(1) (1)
Ar(t)=r1(t) 1, — T gign (2)

dr(r) ¢ dn(z+1) ¢ dn(?)
do" N@+1) deo’ N(t) d@"
0, dr@t)
€)=
r(t) de,

You can derive dn(z+1)/d0"' fromeq. 5

dn(r+1) dn(z) dvecA
T = A T T
do do do

+(m'(H)®I)



Effect of harvest on asymptotic vs. transient
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Elasticity of short- vs. long term dynamics
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Journal of Applied Ecology 2011, 48, 815-826 doi: 10.1111/5.1365-2664.2011.01999.x

What do matrix population models reveal about the
sustainability of non-timber forest product harvest?

Isabel B. Schmidt'?*t, Lisa Mandle't, Tamara Ticktin' and Orou G. Gaoue®
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Fig. 1. There is a significant effect of harvest on projected population growth rates [In(A)] across 15 non-timber forest product species. When

considered individually, only four studies — including two herbs, one palm, and one tree — show a significant decline in projected growth rates in
harvested populations.



1.

Summary

Harvest of foliage from African mahogany is not
sustainable. Effects of harvest is even stronger in
populations in stressful environments or when
harvesting sequence mimicked reality.

Effect of harvest on population dynamics is
stronger in short-term than long-term.

Strategy to enhance survival at early life stage is
the best approach to maintain population in the
short term but long term persistence require
enhancing survival of adults reproductive.
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Gaoue & Ticktin (2009)
Economic Botany 63:256-270
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