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BIODIVERSITY IN CRISIS

Mace et al. 2018, Nature; Living Planet Index 2018



CONSERVING BIODIVERSITY IN THE FACE OF POVERTY

Sachs et al. 2009, Science



Maxwell et al. 2016



COUPLED NATURAL AND HUMAN SYSTEMS



COUPLED NATURAL AND HUMAN SYSTEMS





1: CONSERVATION COMPLIANCE
A case study in Southwest China



XISHUANGBANNA DAI AUTONOMOUS PREFECTURE
Chang et al. 2017, Ecology and Society 

Chang, Cruyff, & Giam 2018,  Conservation Biology 
Chang et al., Biological Conservation (In Press)



Q: In the past year, have you hunted …
A. Indirect 

question: 
Randomized 
Response 
Technique 

B. Direct 
questioning



Randomized response technique: 
Forced Response

Yes NoAnswer Honestly 
(Yes/No)

Q: Did you hunt bird x in the past year?



Randomized response technique: 
Forced Response

zapstR

Yes, I did hunt it.

No, I didn’t.

True identity:

p = 5/6

p = 1/6

p = 1/6

p = 5/6



QUANTIFYING NON-COMPLIANCE

Chang et al. 2017, Ecology and Society 
Chang et al., Biological Conservation (In Press)
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WHAT MAKES SOMEONE MORE LIKELY TO HUNT?

Chang et al. 2017, Ecology and Society 
Chang et al., Biological Conservation (In Press)
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2: UNDERSTANDING HOW HUNTING AFFECTS COMMUNITIES
Hunted Not Hunted



MEGAFAUNA AT RISK 
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DECLINING ECOLOGICAL FUNCTION

Bello et al. 2015, Sci. Adv.



DECLINING ECOLOGICAL FUNCTION

Ripple et al. 2016, Sci. Adv.



SIMPLIFYING TO A TRAIT: BODY MASS



SIMPLIFYING TO A TRAIT: BODY MASS



SIMPLIFYING TO A TRAIT: BODY MASS

ε 



DERIVING HUNTER TARGET THRESHOLDS (ε)

Lippmann and McCall 1976; Diekert et al. 2016



DERIVING TARGET THRESHOLDS (ε)



PREY TRAIT DENSITY IN CHINA

Chang & Drohan 2018, Ecological Applications



DIETARY THRESHOLDS IN SOUTHWEST CHINA

Chang & Drohan 2018, Ecological Applications

Dietary threshold



3: PROJECTING HUNTING IMPACTS

π1-π

Population density (ρ)
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3: PROJECTING HUNTING IMPACTS
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3: A GLOBAL SYNTHESIS OF HUNTING

Chang, Burgess, & Giam, In prep.

.



PROJECTING IMPACTS: POPULATION DYNAMICS



POPULATION DYNAMICS: LOGISTIC GROWTH

Rate of change 
for N

Max per-capita  
population 
growth rate

Carrying capacity



POPULATION DYNAMICS WITH HARVESTING

Hunting removal

Shonda Gilliland Foster
David H. Smith Conservation Research Fellowship
Society for Conservation Biology
1133 15th Street NW, Suite 300
Washington, DC 20005
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ticket from Knoxville, TN (TYS) to Santa Barbara, CA (SBA).�e updated �ight itinerary re�ects
the fact that on the day of my �ight to Santa Barbara (1/7/2019), due to ground control issues at
the connecting airport (Denver), I was re-routed to Los Angeles at no extra cost.
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CONTEMPORARY HUNTING AND FUTURE SIZE STRUCTURE



MEGAFAUNA IN TROUBLE
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4: IMPROVING MANAGEMENT



MANAGEMENT UNDER UNCERTAINTY

Abbasi, de Angeli, Gan, Giam, & Chang, In prep



SIMULATION MODEL

Abbasi, de Angeli, Gan, Giam, & Chang, In prep



SIMULATION MODEL

Abbasi, de Angeli, Gan, Giam, & Chang, In prep



A TOOL FOR MANAGING INTERACTING SPECIES UNDER HARVEST

https://github.com/NIMBioSsreSPA



ENGAGING LOCAL COMMUNITIES: LAND CONSERVATION

Li, Levin, & Chang, In prep.

Gaetan Reuse



MEASURES OF PLURIACTIVITY



SMALLHOLDER FARMERS AND LAND CONSERVATION

Responses Govt. PA % Community PA %

I would participate in this form 
of land conservation for free.

0.0 17.0

I demand compensation 21.7 9.4

I would not agree to give land 55.2 23.6

The government will force me 
regardless

10.7 2.2



BIODIVERSITY IN AGROFORESTRY LANDSCAPES

1SCIENTIFIC REPORTS | (2018) 8:3143 | DOI:10.1038/s41598-018-21401-1

www.nature.com/scientificreports

Birds and beans: Comparing avian 
richness and endemism in arabica 
and robusta agroforests in India’s 
Western Ghats
Charlotte H. Chang  1, Krithi K. Karanth2,3,4 & Paul Robbins5

Coffee is a major tropical commodity crop that can provide supplementary habitat for native wildlife. 
In Asia, coffee production is an increasingly important driver of landscape transformation and shifts 
between different coffee species is a major dimension of agroforestry trends. Yet few studies have 
compared the ecological impacts of conversion between different coffee species. We evaluated whether 
or not the two species of coffee grown globally—Coffea arabica and C. canephora (denoted “robusta”)—
had equivalent avian conservation value in the Western Ghats, India, where robusta production has 
become increasingly dominant. We found that habitat specialist and functional guild diversity was 
higher in arabica, and that arabica was more profitable. However, robusta farms generally supported 
the same or slightly higher abundances of habitat specialists and functional guilds, largely due to 
dense canopy and landscape-level forest cover. Farming practices, chiefly pesticide use, may affect the 
suitability of coffee agroforests as habitat for avian specialists, and at present, robusta farmers tended 
to use less pesticide. Given future projections for arabica to robusta conversion in tropical Asia, our 
study indicates that certification efforts should prioritize maintaining native canopy shade trees and 
forest cover to ensure that coffee landscapes can continue providing biodiversity benefits.

Coffee (Coffea spp.) is one of the most valuable and widely planted tropical commodity crops with two major 
species in production: C. arabica (henceforth, arabica), constituting about 60% of global production, and C. 
canephora (robusta), around 40% of global production1. Coffee production systems range from shaded, 
low-intensity farming where coffee trees are interspersed with native forest, more typical of arabica production, to 
high-intensity full-sun monoculture characteristic of robusta agroforests. Shade-grown coffee retains biodiversity 
at higher levels than more intensely farmed, full-sun or monoculture systems2–5.

Shade grown coffee has declined precipitously in the past twenty years6,7, largely due to greater robusta pro-
duction, particularly in Asia8–11. Price equalization between the two species and declining arabica productivity in 
the face of climate change may further accelerate conversion to robusta across tropical Asia12,13. Understanding 
habitat specialist responses to arabica versus robusta is critical as production may shift away from arabica toward 
robusta in many parts of the tropics.

Demand for coffee is rising much more rapidly in Asia (3.7%) than the global average (1.3%)14. While coffee 
production has declined in the Neotropics and Afrotropics, in South and Southeast Asia, it has increased by more 
than 100%7. Currently, India is the world’s sixth largest coffee producer and coffee acreage in India has increased 
by 150% from 1990 to 201515,16. The majority of this expansion occurred in a global biodiversity hotspot, the 
Western Ghats17–19.

Across the Western Ghats, coffee agroforest area is slightly more than a quarter of the land area that is formally 
protected16; whether coffee can serve as buffer habitat for wildlife will be critically important to conservation out-
comes19,20. From 1950 to 2015, the planted area of robusta grew by 840% while arabica acreage increased by 327% 

1Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ, 08544, USA. 2Wildlife 
Conservation Society, 2300 Bronx Blvd, New York, USA. 3Centre for Wildlife Studies, 551, 7th Main Road Rajiv Gandhi 
Nagar, 2nd Phase, Kodigehalli, Bengaluru 560097, India. 4Duke University, Durham, North Carolina, USA. 5Nelson 
Institute, University of Wisconsin-Madison, Madison, Wisconsin, USA. Correspondence and requests for materials 
should be addressed to K.K.K. (email: krithi.karanth@gmail.com)

Received: 14 June 2017
Accepted: 29 January 2018
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Krithi Karanth Mingxia Zhang



IMPROVING RESERVE SITE SELECTION ALGORITHMS

Albers, Chang, Dissayanake, Nolte, Helmstedt & Kroetz 2018, WCERE



FUTURE WORK
How do we achieve collective action for  
the environment despite polarization?
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Questions?

chchang@nimbios.org 

https://charlottehchang.github.io
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OPTIMAL STOPPING TIME PROBLEM
Introduction

Hunting as an Optimal Stopping Problem

Distribution of Trait Value f (X )

Trait Value Body mass X

Hunter knows the distribution of
trait value f (x)
Pays some fixed cost c
Only go hunting if E [X ] > c
Rule: shoot if x > " “reservation
value”
U(−S �") = U(S �") = "

c = � ∞
"
(x − ")f (x)dx

Chang & Drohan (Princeton EEB) Not throwing away my shot? April 18, 2017 6 / 22



HUNTING IN MANU BIOSPHERE RESERVE: BODY MASS DENSITY

Ohl-Schacherer et al. 2007, Endo et al. 2010, Levi et al. 2011



MANU RESERVATION VALUES
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INFERENCE FROM HUNTER BAGS USING DIET THRESHOLDS 
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PREDICTORS OF ATTITUDES TOWARD PROTECTED AREAS

Figure'5."Propor'on"of"respondents"with"“strong”"(scores"within"the"top"
third)"access"to"each"type"of"capital."Numbers"in"intersec'on"points"
indicate"respondents"with"strong"access"to"mul'ple"types"of"capital."

Discussion

I"gratefully"acknowledge"the"mentorship"of"CharloAe"Chang"and"the"generous"financial"support"of"the"Mountainlake"Field"Research"Fund,"the"Princeton"Environmental"Ins'tute,"and"the"Princeton"EEB"Department'

Introduction
Xishuangbanna"Dai"Autonomous"Prefecture"
occupies"0.2%"of"China’s"landmass"and"accounts"
for"25%"of"the"country’s"biodiversity.1,2"

The"expansion"of"monoculture"rubber"(Hevea%
brasilensis)"planta'ons"in"the"region"poses"
serious"threats"to"biodiversity"and"to"the"
stability"of"smallholder"farmers’"livelihoods.3,4"
'

This'study:'
•  Assesses'farmers’'access'to'economic,'

social,'and'environmental'capital'
•  Relates'this'access'to'farmers’'economic'

and'climac=c'adap=ve'capacity'
•  Relates'this'access'to'farmers’'percep=ons'

of'conserva=on'

Smallholder rubber farmer adaptability  
and conservation in Xishuangbanna, China 

References
1.  Kennedy"et"al."(2017)"Intl.%Journal%of%Biodiversity%Science,%

Ecosystem%Services%&%Management,"13:100Z15"
2.  Xu"et"al."(2005)"Environmental%Management,%36:"404Z13"
3.  Li"et"al."(2009)"Biodiversity%and%Conserva?on,"18:"3421Z40"
4.  Xu"et"al."(2014)"Ecological%Indicators,%36:"749Z56"
5.  Zomer"et"al."(2014)"Biological%Conserva?on,%170:"264Z73"
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Yun-Yun Li 
Advised by Professor Simon Levin 

Princeton University 

In"August"2016,"a`er"conduc'ng"a"pilot"survey"
(N=20),"three"local,"trained"interview"
enumerators"surveyed"279"farming"households"
(IRB"#7780)"in"24"villages"throughout"the"three"
coun'es"of"Xishuangbanna.""

I"used"ordinal"regressions"to"relate"land"use"
behaviors"and"access"to"social,"environmental,"
and"economic"capital"to"percep'ons"of"
community"resilience"and"to"conserva'on"
actudes."Conserva'on"actude"models"were"
ranked"for"goodness"of"fit"using"AICc,"and"
averaged"using"AICc"weights."

Figure'1."Upper"le`:"loca'on"
of"Xishuangbanna"Dai"

Autonomous"Prefecture"in"
Yunnan"Province,"China.""
Lower"right:"loca'ons"of"
villages"surveyed."Green"
shows"protected"areas."

Among'all'smallholders'
•  Farmers"with"access"to"less"economic"capital"perceived"themselves"as"more"resilient"and"adaptable.""
•  Farmers"had"overall"posi've"actudes"towards"conserva'on""and"protected"areas,"but"they"were"s'll""

largely"unwilling"to"contribute"household"land"to"conserva'on,"even"in"return"for"compensa'on."

Figure'2.'Predictors"of"whether"farmers"priori'ze"economic"development"
or"environmental"protec'on."

Figure'3."Predictors"of"farmers’"actudes"towards"government"
protected"areas."

Figure'4.'Respondents’"access"to"economic"capital"(yellow),"social"capital"(purple),"
and"environmental"capital"(green)."Values"closer"to"5"indicate"stronger"access,"

values"closer"to"0"indicate"weaker"access.""

•  Climate"change:"produc've"rubber"zone"
will"expand"to"~75%"of"the"prefecture"
area,"removing"current"biophysical"
limita'ons"to"rubber"at"higher"eleva'ons.5"
Opposing"forces"of"rubber"price"
fluctua'on,"which"compels"farmers"to"
diversify,"and"climate"change,"which"
enables"high"eleva'on"farmers"to"invest"
further"in"rubber,"make"the"future"of"
Xishuangbanna"land"use"uncertain."

•  This"rubber"price"crash"transi'on"period"
has"poten'al"posi've"livelihood"outcomes"
if"farmers"con'nue"to"diversify"cul'va'on,"
enhance"intercropping,"and"seek"offZfarm"
sources"of"income.""

•  Assessing"income"alone"is"not"enough"to"
an'cipate"communi'es’"resilience."

•  Farmers"are"sensi've"to"environmental"
issues;"however,"tenuous"rela'onships"
with"the"government"pose"challenges"to"
state"conserva'on"ini'a'ves."

•  Farmers"were"
transi'oning"towards"
more"diversified"land"
uses."

•  Villages"had"greater"
access"to"economic"
capital."

"

In'the'highlands'(>'900m)'
•  Farmers"had"less"

confidence"in"their"
ability"to"cul'vate"new"
types"of"crops."

•  Villages"had"greater"
access"to"
environmental"capital."

•  Farmers"had"less"
favorable"actudes"
towards"protected"
areas.""

!

In'the'lowlands'(<'900m'ASL)'
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FUTURE WORK

How will farmers respond 
to a changing climate?

What are risks are ahead for  
bushmeat-dependent 

communities?


