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Abstract

This project investigates the use of Multi-Criteria Decision Anaysis (MCDA) in
conservation management and the need to employ a systematic approach towards this
process. The endangered population of the endemic brown-headed spider monkey
(Ateles fusciceps), threatened by the implementation of an open-pit copper mine, is
used as a case study. A population viability analysis (PVA), using the software
program Vortex, is performed on the resident spider monkeys of the Cotacachi-
Cayapas Ecological Reserve, the Los Cedros BioReserve, the Chontal Protected
Forest Reserve and the forest found within the mining concession. A literature review
is carried out on the environmental impact assessments (EIA) concerning the mine
and the procedures involved with MCDA.

Results of the PVA show that A. fusciceps is adready heading towards
extinction. Further scenarios suggest that if the mine is executed, extinction will occur
at a quicker rate for the population. Sensitivity testing demonstrates that the rate of
harvest may be a primary cause to the threatened primate, suggesting that hunting in
the area should be closely monitored. Further anaysis shows that reproductive
factors, mortality rates and sex ratios influence the extinction risk. One EIA
investigated is shown to be inadequate due to contradictions illustrated in previous
environmental impact studies.

The use of MCDA is found to be rare in conservation management and
unsystematic in its approach to these issues. It is recommended here that PVAs and
EIA become an integral part of MCDA with regard to conservation issues, in an
attempt to standardise this procedure. Further recommendations are provided for the
management of the brown-headed spider monkey population and for further research

that should be carried out on both the primate population and MCDA.



Acknowledgements

| would like to express my thanks to my supervisor Dr. Mika Peck, who made this
research possible. | am grateful for all the help and support he gave me throughout
this project. | would aso like to thank Martin Stanley, who provided me with
invaluable information and assistance concerning the Junin Mining Project. Lastly |
would like to thank al the staff of the MSc in Primate Conservation at Oxford

Brookes University for all the help they gave me during this past year.



Table of contents:

ACKNOWIEAGEMENES. .. ...t e e e e e e e e e e e e ee e enee el
Table Of CONtENES. ......ieie e e e e e e eV
LISt Of TaIES. .. ce it e e e e e e e vii
LISt Of FIQUIES. .. et e e e e e e e e e e e e e e e viii

List of Acronyms

1.

g1 0o (8 Tox 1 o o T R |
1.1. General iNtrodUCTION. ... cuve et e e e e e e e e e 1
1.2. Ateles fusciceps: Taxonomy, Distribution and Conservation................ 4
1.3. The Cause and Effectsof MiniNg.............coooiiiiiiiiiiiiiii e e, 6
1A, ThESIUAY ATBA. .. ... et et e e e e e e e e e e 0O
1.5. Environmental Impact Assessments and their Role in the Junin Project..11
1.6. Population Viability Analysis and its Role in the Conservation of

1.7. Multi-Criteria Decision Analysis (MCDA): What isit and why do we

1.8. The Main Aimsof the Project............coccovviiii i 13

Mining, EIAs and the Junin Project.............ccoocviiviiiici i eenn2 15
2.1. Mining and BIOdIVErSItY.........ccvviii i enn . 15

2.2. Mining Legislation and the Illegalities Ascendant Copper’sEIA......... 17
2.3.ElIAsand the JUnin Project...........ccoooii it e e 19

Population Viability Analysis on Atelesfusciceps.........cccvvvvevivn e 25
3L PVA INrOdUCHION. .. ...t e e et e e e 02D
32.PVA MEthOUS........coivie i i 2D
3.2.1. Density Calculations of A. fusCICEPS.........cccevviveenveiiiiieennnnenn. .26
3.2.2. Background of Model Variables..............cccooooiiiiiii . 27
323, SCENAIIOS. .. ceute e et et et e e e e 29



3.3.1. SCENANO RESUILS. ..o

3.3.2. Sensitivity Testing RESUILS. .........ovvvviiiiii e 36

4. PVA DiSCUSSION. ...ttt et ettt e et e e et e e e e e e
341, VOrteX OULPULS. .. e v e e e e e e e e e e
3.4.2. Sensitivity Testing OULPULS. .........coveirn i

3.4.2.1.Environmental VarianCe. .......ovveeee e,

34.2.2. 58X RaAiO. ... e
3.4.2.3.GENetiC LOad. .. ..o

343, LIMIaiONS. ..ot e 44
35, PVA CONCIUSION. .. oo e e e e e e 45

3.6. Recommendations from PVA Study..........cccovvvieiie i

4. Multi-Criteria DeciSion ANAlYSIS. ... ..viieiie e e e e eaes

4.1. The Use of Multi-Criteria Decision AnalySiS..........covvvieviniinineinnns 49

4.2. The Economic Value of Biodiversity and of a Single Species.............

4.3. The Junin Project and Multi-CriteriaDecision AnalysiS....................

5.1. Economic versus Socio-Political Factors. .. ......oue e o

5.2. Using Ateles fusciceps as a Flagship Species.........ccovvveiviiieieven,
5.3. The Need for a Systematic Approach..............ccooeiiiii i,

B. CONCIUSION. .. e e e e e e e e e e e e e e

7. RECOMMEBNALIONS. . . . e e e e e e e e e e e e e e e e

8. RE B N CES. .. o

9.1. Letter from ACC denying allegations..............ccooeviiiiiiiiiiiiene,
9.2. Vortex parameters for SCenarios 1-6.........cvvveieiiiiiiiiiieeieeenns
9.3. Vortex parametersfor sensitivity testing.............cocvovviiiiniinieninnn
9.4. Results and graphs of SCenarios 1-6............ccoviiviiiieieiie e e eae
9.5. Results of sensitivity testing for the lethal equivalents.....................
9.6. Results of sensitivity testing for thesex ratio.............cooov i i

.65

.76

76
79

.82

.88

95



9.7. Results of sensitivity testing for the rates of harvest.......................102
9.8. Results of sensitivity testing for the percentage of females breeding....109
9.9. Results of sensitivity testing for the rates of mortality..................... 116

Vi



List of tables

Table 3.1 Areas of the four study arealocations................cooeveviviin e enn ... 26

Table 3.2 Density calculations of A. fUSCICEPS........cc.vvverieeeiiiiiiiiceiieiiee i viee e .20

Table 3.3 Results of Population Viability Analysisfor Scenarios 1-6.................. 31
Table 9.1. Parameters for SCeNarioS 1-6..........ouvieii i e e e 79
Table 9.2. Parameters for sensitivity testing..........covvvvieiie e, 82

Table 9.3. Results of SCENAriOS 1-6.......c.vvvvvviiiiiiiie i eee e a0 84
Table 9.4. Results of thelethal equivalentsS ST ... 88

Table9.5. Results of the seX ratio ST ...oovvee e e 95

Table 9.6. Results of therates of harvest ST.........ooieiii i 102
Table 9.7. Results of the Percentage of adult femalesbreeding ST..................... 109
Table 9.8. Results of therates of mortality ST..........cccoovviiiii i 116

vii



List of Figures

Fig. 1.1. Map showing the location of the mining concession owned by ACX

INNOrth-west ECUBHON .........oveiee e 2
Fig. 1.2a. Map of Ecuador showing the historical distribution of A. fusciceps........... 3
Fig. 1.2b. Map of Ecuador showing the current distribution of A. fusciceps............. 3
Fig. 1.3a.Map showing the four study locations of A. fusciceps..........................9
Fig. 1.3b.Map showing the concession overlapping the CPFR and an

estimation of the area of primary forest in the concession..................... 10
Fig. 3.1. Graph showing 100 simulated populations of Baseline scenario.............. 33
Fig. 3.2. Graph showing 100 ssimulations of Scenario 2...........ccccovevveievie v ennn, 33
Fig. 3.3. Graph showing 100 ssimulations of Scenario 3...........ccccoovveiiviie e ennn 33
Fig. 3.4. Graph showing 100 ssimulations of Scenario4...........cccoveiieie e e ennn 35
Fig. 3.5. Graph showing 100 ssimulations of Scenario 5...........ccccovviiviie e enn 35
Fig. 3.6. Graph showing 100 ssimulations of Scenario 6..............cccecvveivvieenennn 35
Fig. 3.7. Spider plot showing the sensitivity of 5 input parameters with

regard to the probability of extinction..............cocooovii i, 37
Fig. 3.8. Spider plot showing the senstlwty of 5 |nput parameters with
regard to the mean time to extinction .. e 1 4
Fig. 3.9 Graph showing 100 simulations of Scenario with no inbreeding............... 38

Fig. 4.1. A Flow Chart of the suggested MCDA process for the Junin Project.........53

Fig. 9.4a Graph showing 1000 iterations of Scenario 1................cccevvvveneen......84
Fig. 9.4b Graph showing 1000 iterations of Scenario 2...........cccvvvvieiiiiiininnnn, 85
Fig. 9.4c Graph showing 1000 iterations of Scenario 3..................oeevvvvveer.......85
Fig. 9.4d Graph showing 1000 iterations of Scenario 4...........ccoveeiieiiiiiiinnnnnn, 86
Fig. 9.4e Graph showing 1000 iterations of Scenario 5..........c.vvovvevieviiiiineinnnes 86
Fig. 9.4f Graph showing 1000 iterations of SCeNario B..........c.vvevviiiiiieinnvinnnnn. 87

viii



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig

Fig

Fig

Fig

Fig

Fig

9.5a. Graph showing 1000 iterations of ST for the lethal

equivalentsincreased DY 10 %0......cccevveveeeeneereciee e

9.5b. Graph showing 100 iterations of ST for the lethal

equivalentsincreased DY 10%0........ccovvevereeneenieniee e

9.5c. Graph showing 1000 iterations of ST for the lethal

equivalents decreased DY 10 %0........cccveveeieeeenecin e

9.5d. Graph showing 100 iterations of ST for the lethal

equivalents decreased DY 10 0........coceeverieeiienenie e

9.5e. Graph showing 1000 iterations of ST for the lethal

equivalentsincreased by 25 %0......cccvveceeeeneeie e

9.5f. Graph showing 100 iterations of ST for the lethal

equivalentsincreased DY 25 %0.......covvevereeninie e

9.5g. Graph showing 1000 iterations of ST for the lethal

equivalents decreased by 25 %0........ccceeveeceiienecce e

9.5h. Graph showing 100 iterations of ST for the lethal

equivalents decreased Dy 25%.........ccceveeiiiinninie e,

9.5i. Graph showing 1000 iterations of ST for the lethal

equivalentsincreased by 50 %0.......ccvveieeieeneeneeie e

9.5]. Graph showing 100 iterations of ST for the lethal

equivalentsincreased by 50 %0........c.coveveeeeieeie e

9.5k. Graph showing 1000 iterations of ST for the |ethal

equivalents decreased Dy 50 %0.........ccceverererinieeieeee e

. 9.51. Graph showing 100 iterations of ST for the lethal

equivalents decreased by 50 %.........ccceoeeieeeeeieeie e

. 9.6a. Graph showing 1000 iterations of ST for the sex ratio
INCreased DY 10 Y.......ooeeieieeereeee e

. 9.6b. Graph showing 100 iterations of ST for the sex ratio
INCreased DY 10 90.......cceceeceeieceeseee e e

. 9.6¢. Graph showing 1000 iterations of ST for the sex ratio
decreased DY 10 %0.......coeiirieieee e

. 9.6d. Graph showing 100 iterations of ST for the sex ratio
decreased by 10 %0.......ccvceeiieeieceeseee e

. 9.6e. Graph showing 1000 iterations of ST for the sex ratio
INCreased DY 25 Y0.......ooeiiiieeeee e



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fi

«

Fig

Fi

(@]

Fig

9.6f. Graph showing 100 iterations of ST for the sex ratio
INCIEASEd DY 25 Q..o e 98

9.69. Graph showing 1000 iterations of ST for the sex ratio
deCreased DY 25 Q0.......cceeieee e 98

9.6h. Graph showing 100 iterations of ST for the sex ratio
deCreased DY 25 90.......oci i 99

9.6i. Graph showing 1000 iterations of ST for the sex ratio
INCrEasEd DY 50 D0......ccuiieecieeie et 99

9.6]. Graph showing 100 iterations of ST for the sex ratio
INCIrEAsed DY 50 Q0......cciueeieiieiieee e e 100

9.6k. Graph showing 1000 iterations of ST for the sex ratio
decreased DY 50 90.......ccveiueeieiieie e 100

9.6l. Graph showing 100 iterations of ST for the sex ratio
decreased DY 50 90.......ccv i e 101

9.7a. Graph showing 1000 iterations of ST for the rates of harvest
INCreased DY 10 90.......ccveieieeeecie et nne e 102

9.7b. Graph showing 100 iterations of ST for the rates of harvest
INCrEased DY 10 D0.......ccueeieceeciecie et 103

9.7c. Graph showing 1000 iterations of ST for the rates of harvest
decreased DY 10 Y0.......ooeiiiieeeee e 103

9.7d. Graph showing 100 iterations of ST for the rates of harvest
decreased DY 10 Q.......ccveieieeiiee e 104

9.7e. Graph showing 1000 iterations of ST for the rates of harvest
INCIEaSEA DY 25 Q0. 104

. 9.7f. Graph showing 100 iterations of ST for the rates of harvest
increased by 2590 ......ovo v e a0 10D

. 9.79. Graph showing 1000 iterations of ST for the rates of harvest
decreased DY 25 Y0.......ooe i 105

. 9.7h. Graph showing 100 iterations of ST for the rates of harvest
deCreased DY 2590........ccecivieececce e et 106

. 9.7i. Graph showing 1000 iterations of ST for the rates of harvest
INCIEaSed DY 50 D0....c..eiueieeieee et 106



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig

Fig

Fig

Fig

Fig

Fig

9.7]. Graph showing 100 iterations of ST for the rates of harvest

INCIreased DY 50 90.......ccveeerieie et

9.7k. Graph showing 1000 iterations of ST for the rates of harvest

decreased DY 50 90.......ccoiiiiieieeee s

9.71. Graph showing 100 iterations of ST for the rates of harvest

decreased DY 50 90.......ccviieiieieie e

9.8a. Graph showing 1000 iterations of ST for the percentage of

females breeding increased by 10 %.........ccoooeieeiiniinieeeeee,

9.8b. Graph showing 100 iterations of ST for the percentage of

females breeding increased by 10 %.........cccceveeveccesiese e,

9.8c. Graph showing 1000 iterations of ST for percentage of

females breeding decreased by 10 %........ccccoeveeiiniinieieee e

9.8d. Graph showing 100 iterations of ST for percentage of

females breeding decreased by 10 %.........cccceveevenieceere e

9.8e. Graph showing 1000 iterations of ST for the percentage of

females breeding increased by 25 %.........ccoooeiieiiiiiiieee,

9.8f. Graph showing 100 iterations of ST for the percentage of

females breeding increased by 25 %.........ccccceveevveceiiece e,

9.8g. Graph showing 1000 iterations of ST for the percentage of

females breeding decreased by 25 %.........cccceveeveececeececce e,

9.8h. Graph showing 100 iterations of ST for the percentage of

females breeding decreased Dy 25%.........ccooevirirerinieieeee e

. 9.8i. Graph showing 1000 iterations of ST for the percentage of

females breeding increased by 50 %.........ccccceveeieiceiiesece e,

. 9.8]. Graph showing 100 iterations of ST for the percentage of

females breeding increased by 50 %0........cccoeiivenenenenieeeeeie

. 9.8k. Graph showing 1000 iterations of ST for the percentage of

females breeding decreased by 50 %..........cccceveeveeieceerece e,

. 9.8l. Graph showing 100 iterations of ST for the percentage of

females breeding decreased Dy 50 %.........cccoverererinieeieieee e

. 9.9a. Graph showing 1000 iterations of ST for the rates of mortality

INCreased DY 10 90.......cceeeeieeie et

. 9.9b. Graph showing 100 iterations of ST for the rates of mortality

INCreased DY 10 Y0.......ooeiirieiceeeeeee e

Xi



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

9.9c. Graph showing 1000 iterations of ST for the rates of mortality

decreased DY 10 90.......ccueieiieeeee e

9.9d. Graph showing 100 iterations of ST for the rates of mortality

decreased DY 10 90.......ccveieieerececeee e

9.9e. Graph showing 1000 iterations of ST for the rates of mortality

INCIEASEA DY 25 Q0......eieieeieee e

9.9f. Graph showing 100 iterations of ST for the rates of mortality

INCIEASEA DY 25 90......ecveeeeeeieeie et nre e

9.9g. Graph showing 1000 iterations of ST for the rates of mortality

decreased DY 25 90.......ccviiiieeeee e

9.9h. Graph showing 100 iterations of ST for the rates of mortality

decreased DY 2590........ccvieieeieeeceese e

9.9i. Graph showing 1000 iterations of ST for the rates of mortality

INCIrEased DY 50 90......ccceiieiieeee e

9.9j. Graph showing 100 iterations of ST for the rates of mortality

INCreased DY 50 90.......ccveeeiieie e e e

9.9k. Graph showing 1000 iterations of ST for the rates of mortality

decreased DY 50 90.......ccveieieerieee e

9.91. Graph showing 100 iterations of ST for the rates of mortality

Xii



List of Acronyms

ACC Ascendant Copper Corporation

CCER Cotacachi-Cayapas Ecologica Reserve

Cl Conservation International

CITES Convention on International Trade in Endangered Species of Wild Fauna and
Flora

CPFR Chontal Protected Forest Reserve

EIA Environmental Impact Assessment

ICMM International Council on Mining and Metals

IUCN The World Conservation Union

LCBR Los Cedros BioReserve

MCDA Multi-Criteria Decision Analysis

MEM Ministry of Energy and Mines

MWC Mining Watch Canada

NGO Non-Governmental Organisation

PVA Population Viability Analysis

RTZ RioTinto

UNDESA United Nations Department of Economic and Social Affairs

UNEP United Nations Environment Programme

Xiii



1. Introduction

“ Biological conservation does not occur in a socio-political vacuum.”
(Sarkar, 2005, cited in Moffet & Sarkar, 2006).

1.1 General Introduction

The basis of conservation efforts relies on integrating all related environmental,
political, social and economic factors (Miller & Lacy, 2005). Making these
environmental and conservation decisions will always be complex, with many
stakeholders involved, each looking at the issue from a different angle and with
different objectives in mind (Linkov et al., 2004, Kiker et a., 2005). To ease these
procedures, Multi-Criteria Decision Analysis (MCDA) was developed to allow for an
effective analysis of the multiple sources of information regarding complex decisions
(Kiker et a., 2005). Conservation management is one such example.

Many extant species are continually under threat of extinction from
anthropogenic causes (Cowlishaw & Dunbar, 2000). With thisin mind, it is important
to note that MCDA is essential in gathering information to support their cause. One
example of the need for MCDA in conservation is that of the endemic brown-headed
spider monkey (Ateles fusciceps) of Ecuador. With an estimated 250 individuals
remaining in thewild (Tirira, 2005), A. fuscicepsis listed as critically endangered (CR
B1+2abcde, C2a) following the IUCN criteria (Rylands et a., 2000). This means that
the population is under an extremely high risk of extinction in the near future (IUCN,
2007). The survival A. fusciceps is currently at risk from the threat of a possible open
pit copper mine, the implementation of which is planned for one of the last remaining
natural habitats of the concerned primate, the cloud rainforest of northwest Ecuador.

The concession, known as the Junin Project (Figure 1.1), is owned by junior mining



company Ascendant Copper Corporation (ACC) and is located just outside the

Cotacachi-Cayapas Ecological Reserve (CCER).

Figure 1.1 Map showing the location of the mining concession owned by ACX in North-

west Ecuador (ACC, 2007)

Mining has a history of conflicting with conservation ideals and the
environment, due to its common occurrence in sensitive natural environments
(ICMM, 2004). One means by which we can assess whether such activities are
detrimental to the environment and harmful to the species found within that habitat is
to produce an environmental impact assessment (EIA). In many cases, population
viability analyses (PVA) may also be carried out to assess the population dynamics,
and thus the probability of extinction of any species, endangered or otherwise, found

in an area threatened by these industries.



| argue in this project, by using A. fusciceps and the Junin mining project as a
case study, that EIAs and PVAs must be incorporated into MCDA for any
conservation project threatened by extractive industry. ACC has aready carried out an
ElA in the area to ascertain the possible environmental and social risks that could
result from the mine being constructed. No formal PV A has previously been produced
for A. fusciceps and thusit is critical that such researchis carried out.

This project entails a discussion on the conflict between the extractive industry
and conservation, and also examines the reliability of the EIA submitted by ACC in
2006 to the Ecuadorian government. Economic, social and environmental factors were
al taken into consideration for this section, with an in-depth look into the impacts
mining may have on the environment. To assess the impact that the Junin project will
have on the remaining A. fusciceps population in the area, a PVA is presented.
Following on from this, the importance of MCDA in conservation planning is
discussed. Cost-benefit analyses often come into conservation management of
biodiversity rich areas, as it is often the case that governments will only consider
conservation projects when they can be trandated into economic terms (Tallis &
Kareiva, 2005). For this reason, the use of cost-benefit analyses is also discussed in
relation to MCDA. Moreover, the need to incorporate EIA and PVA results is
considered, which leads to a review of the systematic approach of conservation
planning. And finally, recommendations for the conservation of A. fusciceps are
proposed, with a glance at how its role as a flagship species may further conserve its

own population and the cloud rainforests of northwest Ecuador as awhole.



1.2 Atelesfusciceps: Taxonomy, Distribution and Conservation

The species status of the brown-headed spider monkey remains a taxonomic debate
(see Nieves et al., 2005) with no consensus as to whether it is a species in its own
right. It is a large neotropical primate and belongs to the Ateline group, along with
other spider monkey species (Genus: Ateles), the howler monkey species (Genus:
Alouatta), the muriquis species (Genus: Brachyteles) and the woolly monkey species
(Genus. Lagothrix) (Difiore & Campbell, 2007). A. fusciceps has now become
geographically isolated from any other spider monkey populations (Peck, Pers.
Comm.), thus by following the Biological Species Concept, whereby “species are
groups of interbreeding natural populations that are reproductively isolated from other
such groups’ (Mayr, 1942), this primate can be designated single species status.
Furthermore, by following Groves (2001) and his use of the Phylogenetic Species
Concept, | will treat Ateles fusciceps as a distinct species for the purpose of promoting
the imminent need for a greater conservation effort dedicated to this primate.

As previously mentioned, there remain an estimated 250 individual brown-
headed spider monkeys in the wild (Tirira, 2005). A. fusciceps is endemic to Ecuador
and is restricted to an area of approximately 50, 000 Ha, provided by the CCER, the
Los Cedros BioReserve (LCBR) and the Awa Indigenous Reserve (AIR) further north
(Mittermeier, 1997, IUCN, 2004). Figures 1.2a and 1.2b show a comparison between
the historical and current distribution of A. fusciceps. Tirira s study (2005) shows that
there has been an 80% decrease in their original range that was once widespread
throughout Ecuador and Columbia. This is largely due to mining, logging and land
clearance destroying the forest habitat of the brown-headed spider monkey (Tirira,

2001, cited in Tirira, 2005), which all continue to be a threat.



Fig.1.2a. Map of Ecuador showingthe Fig.1.2b Map of Ecuador showing the
historical distribution of A. fusciceps current distribution of A. fusciceps
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*see PRIMENET, 2007, adapted from Tirira, 2005

In the past, hunting has been considered a threat to the survival of A. fusciceps
(Madden & Albuja, 1987). Unfortunately, there is no available data on current
hunting rates in the area. In 2000, Ecuadorian legidation banned the hunting and
commercia use of the brown-headed spider monkey (see Tirira, 2005). This major
breakthrough was followed by A. fusciceps being uplisted to Appendix Il of CITES
(CITES, 2003 in Tirira, 2005), meaning that internationa trade of the species will
require legal permits (CITES, 2007).

Unfortunately, the ecology and life histories of A. fusciceps facilitate the threat
to their survival. Primarily, these particular primates are known to only inhabit large
continuous areas of primary forest (Rylands & Keuroghlian, 1988, Defler, 2004).
Additionally, spider monkeys tend to have an irregularly slow reproductive rate, even
for their large size, which hinders their ability to recover from loss of numbers (Ross

& Jones, 1999). Thus, with continued deforestation and the increasing threat of the



mining concession in the area, their overall extinction risk is amplified. Much
research is needed to ensure the survival of this neotropical primate. Some such
research is currently being carried out in the LCBR. A project, PRIMENET, has been
set up by the Darwin Initiative and is based at the University of Sussex, whose aim is
to develop a conservation strategy for the critically endangered brown-headed spider
monkey, as well as for other vulnerable primates and their cloud rainforest habitat
(PRIMENET, 2007). The research carried out for this project is intended to be used

by PRIMENET.

1.3 The Cause and Effects of Mining
With the ever-increasing demand for natural resources (Oates, 1999), modern society
now depends on the mining sector as a primary source for raw material and fuel for all
industries (Bendell, 2000). Mining has become the fifth most capitalised industry
(Gedicks, 2001), but its income remains unstable (Power, 1996). Due to the scarcity
of land left undisturbed by man, many mining concessions are now being placed in
biodiversity hotspots or other areas of important natural value (Sengupta & Sengupta,
1993), many of which are found in developing countries (Barnes, 1996). Such land
may be occupied by indigenous communities (Gedicks, 2001), but it is rarely they,
nor the host country itself, that will benefit from the profits produced by this industry
(Barnes, 1996). For example, a study in 2003 concluded that 71 % of profits made
from mining in Ghana are found in foreign banks (Moody, 2007).

With metal prices still booming (Kneen, 2006) and the current rate of increase
in global trade, mining is becoming a major threat to biodiversity (Barnes, 1996).
With regard to the extraction of copper, its price has increased in the past five years,

in response to the increased demand caused by the construction boom in China



(Kharas, 2005 cited in Kuecker, 2007). Even so, some research has shown that mining
IS not too destructive to the environment (Down & Stock, 1997). In contrast however,
Diamond (2005) highlights the fact that mining is in essence the exploitation and thus
destruction of non-renewable resources. However, it must be noted that a world
without mining activities is practically unimaginable and thus must be dealt with in
relation to its impacts on biodiversity (ICMM, 2006).

Mining activities have often caused international controversy. For example, in
the 1960s the world’'s biggest mining company Rio Tinto (RTZ) developed the
“Bougainville Mining Project” in Papua New Guinea. This caused international
uproar, largely due to the impacts that their waste had on loca riverine sources
(Moody, 2001). Another debate was sparked after a mining project in Kabwe,
Zambia, which was stopped in 1994 after the effects of lead pollution were
guestioned. After exploration, contamination of lead, zinc, copper and cadmium were
found over 20km away from the site (Moody, 2007). Controversy has risen in the
Philippines recently in response to multiple new mining projects being proposed to
take place on its many islands. In previous projects in that area, indigenous people
have complained that the mining companies have not abided by the transparency rules
regarding the EIA procedures (Doyle et a., 2007). It is now estimated that a minimum
of 37 % of the Philippine s biodiversity rich forests would be destroyed to allow for
the new mining projects (Doyle et al., 2007).

Little research has been carried out on how mining projects have affected
primate populations. This is not to say that primate populations are not being
threatened worldwide by extractive industry activities. For example, in the Kahuzi-
Biega National Park (KNBP) which is an established World Heritage Site of the

Democratic Republic of Congo, Grauer’s gorilla (Gorilla beringei graueri) has



become indirectly affected by a coltan mining project in the area (Redmond, 2001).
Due to the influx of people working in the mine, the poaching of bushmeat has
increased profusely in the area, which has resulted in the 8000 gorillas being reduced
to a mere 1000 individuals (Redmond, 2001). Furthermore, the mine has caused
irreversible damage to the park, such as forest clearance and pollution of streams
(Redmond, 2001). Such an example highlights the need for the Junin Project to be

investigated.

1.4 The Study Area

The Junin Project is comprised of a copper-molybdenum, gold and silver porphyry
property with an estimated total resource of 932 million tonnes (ACC, 2007).
Ultimately, the project would consist of a 19,500 Ha open pit copper mine, located in
the Intag area of the Cotacachi County, fifty miles northwest of Quito, Ecuador’'s
capital (Gedicks, 2007). This area holds two of the world’s twenty-five biodiversity
hotspots, the Chocd and the Ecuadorian Andes (Gedicks, 2007), both extremely rich
in water resources. Furthermore, three legally protected areas, as described above, are
found within the vicinity of the mining concession. The Chontal Protected Forest
Reserve (CPFR), which acts as part of a buffer zone for the CCER, overlaps with the
Junin mining concession (see Figure 1.3aand 1.3b).

Officially, this area has been declared as a protected zone, known as the
“Sacred Valley and Ecological Treasure of Humankind” (Lucero-Lucero, 2006). It is
essential in providing habitat for over 3000 plant species and many endangered bird,
amphibian and mammal species. Investigation by Conservation Internationa (Cl) has

shown that the forests of western Ecuador are some of the most endangered



ecosystems in the world, with less than 10% of their origina extent remaining

(Wilson, 1997).

Fig. 1.3a Map showing the four study locations of A. fusciceps (adapted from
PRIMENET GIS Database, 2007)
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Fig. 1.3b Map showing the concession overlapping the CPFR and an estimation of the
area of primary forest in the concession (adapted from PRIMENET GI S Database,

2007)
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1.5 Environmental Impact Assessments and their Rolein the Junin Project:
An EIA is areport which summarises many different environmental consequences of
a development project (UNEP, 2004), such as mining. It is an important document
needed for any extractive industry activity to describe the potential impacts it may
have on the surrounding habitat before the activity takes place (Glasson et al., 2005).
Taken from this environmental angle, an EIA will look at the impacts of the industry
on biodiversity, hydrology, archaeology and any social communities in the area.
Furthermore, an EIA is essentia for evaluating all the alternatives to the proposed
project (Gatto & de Leo, 2000). With regard to a mining concession, EIAs are
indispensable for showing that the impacts on biodiversity and the social-
environmental interface have been taken into account for the project (ICMM, 2006).
Legidation practice of EIAs varies around the world making it difficult for
these procedures to be controlled and monitored. Thus with unregulated protocol
between multi-national corporations (MNCs) and national governments, and the lack
of cooperative monitoring or transparency on an international scale in the extractive
industry, ACC has produced an EIA that has caused international controversy, coming
under scrutiny from many different parties. Therefore, it is important to investigate
the debate surrounding the aforementioned EIA, and how it affects and relates to the

conservation of A. fusciceps.

1.6 Population Viability Analysisand its Role in the Conservation of A. fusciceps

A broad definition of PVA is given as “the use of quantitative methods to predict the
likely future status of a population or collection of populations of conservation
concern” (Morris & Doak, 2002). In more specific terms it has been described as “the

estimation of extinction probabilities and other measures of population performance
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by analyses that incorporate identifiable threats to population survival into models of
the extinction process’ (Brussard 1985; Gilpin and Soulé 1986; Burgman et al., 1993,
Lacy, 1993/1994 all cited in Miller & Lacy, 2005). PVA tackles many different
factors and aspects of a species that may affect its risk of extinction, including life
histories and population dynamics, in addition to the anthropogenic activities that
influence or have influenced the species past, present and future states (Miller &
Lacy, 2005). The aim of a PVA is thus to estimate the overall probability of
extinction (Miller & Lacy, 2005). The use of PVAs in conservation biology has
become increasingly more popular and is considered an important tool in managing
endangered species (Beissinger, 2002).

The identification of the main threat for A. fusciceps, which isintrinsic in any
conservation plan (Miller & Lacy, 2005) is currently accepted as the possible
implementation of the mining concession in Junin, which would cause a large scale
amount of deforestation in one of the last remaining natural habitats of the brown-
headed spider monkey. Therefore, for the purpose of this dissertation, a PVA is
needed to quantify the threat of the mining concession on the population of
A. fusciceps in northwest Ecuador. The impact of the mine can be simulated using the
software package Vortex (Lacy et a., 2005). From this, recommendations can be
compiled in an attempt to manage the population at a stable rate. Such
recommendations are often presented in the form of a species specific action plan,
which are often made by the IUCN Primate Speciaist Group (PSG), but none as yet

has been compiled for any of the neotropical primates.
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1.7 Multi-Criteria Decision Analysis (MCDA): What isit and why do we need it?
MCDA was developed to allow for an effective analysis of the multiple sources of
information regarding different decisions (Kiker et al., 2005), such as environmental
management. This multifaceted characteristic of environmental decision-making is
mainly due to the physical, natural and social sciences being brought together with
political and ethical factors (Linkov et a., 2004, Kiker et al., 2005). Unfortunately,
little, if any, effort is put towards understanding and including all stakeholder
opinions, resulting in antagonistic decisions being made for many of the groups
concerned (Kiker et a., 2005). It is often the case that decisions are made without
consulting the public, who are then left to cope with the consequences of these
decisions (Linkov et al., 2004). Nonetheless, MCDA is beneficia asit brings together
a large group of stakeholders who may attract attention to potential conflict areas,
thereby providing a greater overall understanding of the issue at stake (Linkov et al.,
2004). MCDA istherefore vita in integrating as wide an array of relevant information

as possible, for the sake of current environmental issues and conservation planning.

1.8. The Main aims of the Project

The main aims of this project are three-fold. Firstly, | aim to disclose the
environmental impacts that the Junin project will have on the surrounding area,
regardless of the EIA results produced by ACC. Secondly, | aim to evaluate the
extinction risk of the brown-headed spider monkey population in Ecuador, and to
determine the extent to which the implementation of a mine in this habitat would have
a detrimental effect on the population. Ultimately, | aim to provide an argument as to

why an EIA and a PVA should be integra to MCDA and thus how this new
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reinforced process should be used as an important tool for the conservation of the

endemic brown-headed spider monkey of Ecuador.
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2. Mining, EI As and the Junin project

2.1 Mining and Biodiversity:
The concept of biodiversity is defined by the United Nations Convention on
Biological Diversity as “The variability among living organisms from all sources
including inter alia, terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are part; this includes diversity within species,
between species and of ecosystems’ (UNEP, 2007). Biodiversity has proven vital to
us for many different reasons. Most importantly perhaps are the ecosystem services
that it provides. Ecosystem services can be defined as “the conditions and processes
through which natural ecosystems, and the species that make them up, sustain and
fulfil human life” (Daily, 1997, cited in Tallis & Kareiva, 2005). Additionally,
biodiversity is appreciated on aesthetic, cultural, economic, spiritual and recreational
levels (Wilson, 1988). From a philosophical point of view, biodiversity is believed to
have an intrinsic value in its own right, regardliess of its use and importance for
human-beings (ICMM, 2006, Wilson, 1988). Nonetheless, in many parts of the world,
human survival depends on the persistence of biodiversity, with loss of biodiversity
being perceived as a loss of natural capital, with both being irreversible (MMSD,
2002). For example, the vegetation canopy is essentia in regulating local hydrology
in the rainforest and is therefore crucial for providing water to local communities.
Destroying the canopy could therefore cause irreversible effects in the local
hydrology system (Zhang et a., 1996).

The extractive industry has become increasingly criticised by conservation Non-
Governmental Organisations (NGOs) (ICMM, 2006). This is largely due to mining
activities being carried out more and more in biodiversity rich eco-systems which

antagonises with the popular ideals and principles of biodiversity conservation.
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Therefore, the International Council of Mining and Metals (ICMM) has suggested that
it is essential to assess the levels of biodiversity and how they may be affected by
mining activities (ICMM, 2006). Some examples of environmental impacts caused by
mining activities are (ICMM, 2004):

Land clearance of natural vegetation

Fragmentation of natural habitat

Siltation and pollution of natural and local water systems

Introduction and spreading of weeds
Such evaluations may demonstrate that at times mining is completely incompatible
with conservation (Mulongoy & Chape, 2004).

Mining development is documented as severely affecting local biodiversity
(Hilty et a., 2006). In the case of the Junin Project, the implementation of the mine
would result in major deforestation (JCA, 1996), thereby affecting the local climate,
causing a reduction in precipitation and evapotranspiration, resulting in a decrease in
water quality in the area (Zhang et a., 1996). Local NGO, Defensa y Conservacion
Ecoldgica de Intag (Ecological Defence and Conservation of Intag-DECOIN), in
association with Rainforest Concern (RFC), has already established a watershed
program, involving reforestation of the Intag area, to provide good quality water to
many communities (RFC, 2007), in light of the threat of losing the local natural
hydrology services provided by the forest.

With regard to mining activities, best practice is needed in all five steps of a
project, from the initial exploration, through to the construction, operation, closure
and post-activities (ICMM, 2006). Essentially, best practice is based on recognising,
avoiding or at least mitigating potential environmental impacts by a mining project

(Environment Australia & UNEP, 2002). According to ACC'’s president, Gary Davis,
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ACC intend to adhere to the highest international environmental standards (ACC,
2007b). Ignoring environmental factors at the beginning of a project tends to lead to
much greater and unforeseen costs later on in the project (Environment Australia &
UNEP, 2002).

If the mining project is fully developed it will ultimately result in the loss of
unique biodiversity (Males, 2005). ACC wish to implement a mine in an area of
primary forest which hosts dozens of threatened species. If carried out, the mine
would be breaching severa international agreements for the protection of endangered
species (Males, 2005). Cotacachi has already been declared an “Ecological County”,
in hope that the environment will be recognised as an important area for protection

and conservation (Males, 1999).

2.2 Mining Legidation and theIllegalities of Ascendant Copper’sEIA:
In 1998, a law was adopted in Ecuador which states that all mining operations must
abide by terms compiled by environmental protection and conservation, as well as
sustainable development (see DECOIN, 2007). By 2002, it became obligatory for
mining companies to carry out an EIA which would then have to be approved by the
Ministerio de Energiay Minas (Ministry of Energy and MinessMEM) (see DECOIN,
2007). In May 2004, a law was passed in Ecuador that stated that all documents
relating to the public sector must be made available to the public (Transparency
International, 2006). Thisincludes EIAs.

The mining concession of Junin has been clamed to be illegal and
unconstitutional. Thisis partly due to the national government not consulting the local
communities that would possibly be affected by the development of a mine in Junin

never took place. Thisis required by Article 88 in the Constitution of the Republic of
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Ecuador (Males, 2005). In addition to this, Article 28 of the Law of Environmental
Management states that any activity that could potentially affect the environment
cannot be carried out without prior consultation (Males, 2005). Most importantly,
ACC has not followed the regulations of transparency in their proceedings with regard
to their Junin project (Males, 2005).

In the United Nations' Environmental Guidelines for Mining Operations
(UNDESA & UNEP, 2000), it is stated that an EIA should consider how mining
activities may affect local wildlife and local human communities at any point during
or after a mining project. Consequently, mining companies are asked to take
responsibility for any changes to any body of water and waste disposal, and must not
interfere with local land-use by the surrounding communities.

ACC has an internal policy which states that no mining projects should take
place in primary forests. Jatun Sacha, an environmental organisation, carried out a
study which deduced that the Junin concession was composed of 62% primary forest,
which ACC has continually disputed (Zorrilla & MWC, 2007). ACC has not
mentioned thisin any of their reports.

Overall, a vast body of information was not properly disclosed to the public
and to the other parties involved with the project (Males, 2005), except for the EIA.
This once again highlights the extent to which this document can be used to benefit
conservation, as it is a public document. Therefore the information it provides can be
used as atool for management strategies and as evidence of the detrimental effects the
impacts from the industry may have on the wildlife. For example, the EIA for the
Junin project, although controversial, is important for providing evidence for the need

to protect the cloud rainforests of Ecuador for the persistence of A. fusciceps.
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2.3 EIAsand the Junin Project:

Between 1994 and 1996, a formal exploration in the Junin area was performed by
Bishimetals, a subsidiary of the Mitsubishi Corporation, which was funded by the
Japan International Cooperation Agency (JCA) (DECOIN, 2006). Although the
primary aim of this study was to quantify the economic potential of the mine, it aso
included an analysis of the environmental effects that the mining project might
potentially have in the area (JCA, 1996). Then, in 2006, an environmental impact
assessment was carried out by ACC, with the help of Daimi Services S. A of Ecuador
and Wayne Dunne & Associates of British Colombia, Canada, on the Junin Project
(Intag Solidarity, 2006). The study included an explanation for the proposed mining
activities and its environmental regulations (Intag solidarity, 2006). Controversy arose
concerning the EIA submitted by ACC since when it was compared to the EIA
completed by Bishimetals, many contradictions were found. One such example is the
astounding difference in the total ore estimate supposedly found within the
concession. ACC report that there is a 1300 million ton ore deposit available from the
site (ACC EIA). JICA had previoudly reported that a more modest total of 318 million
tons were present in the area (JCA, 1996). Further contradictions are discussed
below.

Environmental considerations. Firstly, it must be noted that unforeseen

physical and chemical changes to the environment can emerge at any stage of the life
of amine or even long after its closure (Sengupta & Sengupta, 1993). With regard to
the Junin project, JCA (1996) predicted that the mine would cause a change in the
flow of the Junin River and its underground water channel. Local fauna would be
affected by the development in the area and would be forced to retreat. Furthermore,

deforestation caused by this project would result in the flora drying up. Moreover,
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such deforestation would ultimately cause desertification, thereby changing the local
climate and modifying local vegetation (Zhang et al., 1996). Although the mine was
to be located 6 km away from the Cotacachi-Cayapas Reserve, J CA (1996) predicted
that the reserve would be directly affected on a large scale. From this study, JCA
(1996) concluded that it was vital to change the plans of the mining development in
the area, in order to minimise what was predicted to cause detrimental effects to local
fauna and flora. The EIA produced by JCA (1996) also concluded that local water
supplies would become contaminated with cadmium and arsenic, which could cause
severe health problems in local communities (Hilty et al., 2006). Although not
documented in the EIA, many mining projects may further affect local water sources
by diverging riversto provide for the mine (Hilty et a., 2006).

Regarding the fauna of the forest, twenty-five species would become
extremely threatened, if not endangered. One such species would be the Andean bear
(Tremarctos ornatus), which, already classed as vulnerable (BSG, 1996) has become
dependent on raiding agricultural areas due to the high level of forest fragmentation in
the area (Castello, 2006 cited in Sharman 2006). Other mammalian species that would
come under increased threat are the jaguar (Pamthera Onca), the ocelot (Leopardus
paradalis) and the mountain tapir (Tapirus pincahque). Furthermore, the destruction
of primary forest, a habitat essential for the survival of A. fuscicep (Rylands &
Keuroghlian, 1988, Defler, 2004), would possibly lead this population to its extinction
and may also threaten the survival of the 300 bird species found in the area, 29 of
which are endemic.

Archaeological considerations. Another aspect highlighted in the controversy

of the ElIAs was the discovery of archaeological findings of the “Imbabura

Civilisation” in 1996 (DECOIN, 2006). If these findings are found to be legitimate,
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the zone may be declared an “archaeological” or “cultura area’, in which case it
would mean that no earth could be removed from the area (Armedaris, 2006), thereby
stopping the exploration by ACC. Recent work on the ancient Yumbo culture has
found “tolos” or burial tombs under the site of the mining concession (Peck, Pers.
Comm.) However, without funding, no archaeological exploration can take place, and
therefore ACC cannot be stopped from further encroaching on this part of land since
no proof of whether these findings are of true archaeological importance can be
provided. ACC mentions the importance of archaeological artefacts in the prevention
of mine implementations in its prospectus, and yet it does not mention any of the
archaeological findings in the area (Zorilla & MWC, 2007), even though JICA had
previously referred to them in their EIA. Ultimately, these archaeological discoveries
should automatically force ACC to retreat from the Junin Project, and yet it is evident
that they persist in their attempt to gain this land for the copper mine.

Social considerations. One of the important issues involved with ACC and the

Junin project is the speculation concerning harassment, financial inducements and
intimidation towards the local communities of Intag. ACC has claimed to have spent a
large sum of money on community projects. However, it is speculated that the
majority of this money was spent on “armed security” and “bribes’ towards the local
community (DECOIN, 2006). If ACC had offered fair compensation at the outset of
the project, the loca communities might not have protested. This may aso have
relieved the ministry from a lot of the pressure put on by these communities to be
satisfied with what was to happen to their livelihoods (Stanley, pers. comm.). Thus if
there had been local community support, there may not have been as much
antagonism from the communities and only the conservation NGOs would be |eft to

protest about the environmental destruction arising from the project.
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2.4 What Now?

The EIA that was assessed by the national government of Ecuador was eventually
rejected, on the 8" of December 2006, on the basis of insufficient consultation with
the local communities (Gedicks, 2007). In addition to this, the EIA was rejected since
it did not include any remediation measures upon closure, and because of the large-
scale deforestation that would take place, which coincides with the detrimental
impacts on the endemic brown-headed spider monkey (MWC, 2006). Nonetheless,
ACC does not attest to this being a reason to prevent mining (Zorilla& MWC, 2007).

In March 2007, ACC, the Ecuadorian government and a local socia
development group, Consejo de Desarrollo Comunitario (CDC) came to an agreement
(ACC, 2007), allowing ACC to keep a minimal presence in the area, even though
mining is not yet permitted to due to the rejection of the EIA. Nearly all 15,000
inhabitants of Intag have clearly stated that they are against the mining concession
(Gedicks, 2007). Although Grassroots oppositions, such as DECOIN and the
inhabitants of Intag, are now by law allowed to put forth their opinions on the subject,
in reality they still have little power in the decision-making process (Bricke et al.,
1992).

In contrast to the Junin Project, DECOIN has helped set up alternative projects
such as a fair trade coffee project, women’s groups and the Toisan Solidarity store,
which only sells products produced by groups of the Intag area. If all the conservation
and social development NGO managed projects in the area are added up then a total
of more than 100 people are employed. ACC promised 5000 but now it has reduced
that figure down to only 48 jobs available for members of the local communities
(ACC, 20074). This is due to ACC believing local people to be under-qualified to

work for the better paid jobs in the company (ACC, 2007a) ), yet in spite of this they
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have not offered to train them to learn new applicable skills. Therefore, the only jobs
that would be made available to the local people would be, for example, manual
labour or cooking and driving, which generally do not generate high wages. All of the
other higher paid jobs would be offered to qualified expatriates.

Additionally, unlike many other countries where mining is prevalent, Ecuador
does not charge any royalties for mining, which results in amost no money going into
the economy (Kuecker, 2007). Mining projects are finite by nature (Kuecker, 2007)
only temporarily occupying a land area, due to the non-renewable nature of the
mineral deposits (Sengupta & Sengupta, 1993), and do not usually last for more than
50 years (Bendell, 2000). A mining project might provide benefits in the short term,
such as bringing in more jobs to the local community, but in the long term, the
negative impacts such as pollution and environmental destruction would outweigh the
benefits.

Mining is banned in any site of archaeological importance or in any world
heritage site (ICMM, 2004). This has not, as yet, occurred for any IUCN category |-
IV area. However, it has been proposed through the [IUCN Recommendation adopted
at the World Conservation Congress in Amman in October 2000, that mining should
be completely banned in any of these areas, of which the Cotacachi-Cayapas Reserve
is one (Mulongoy & Chape, 2004). The Extractive Industry Review (EIR) in 2000,
also called upon establishing these areas to be considered as “no-go” zones for any
extractive industry developmental project (World Bank Group, 2000). If this action
were to be adopted by governments and mining companies, a mere 4% of the earth’s
surface would be automatically excluded from any mining activity (MMSD, 2002).

ACC has not as yet (27" September 2007) handed over a new EIA to the

Ecuadorian government to replace the one that was rejected in December 2006
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(DECOIN, 2006) and yet, back in May/June 2007, ACC reportedly made a public
announcement describing its intention of selling its shares in the Junin Project, even
though they still do not have full access to the land area (Zorilla, 2007). Fortunately,
Ecuador’s President, Rafael Correa, is now pushing forward the notion to ban open pit

mining in any biodiversity rich areas (DECOIN, 2007).
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3. Population Viability Analysis on Ateles fusciceps

3.1 PVA Introduction

Population viability analysisis central to assessing the impact that a threat (Marrero-
Gomez et a., 2007), such as mining, may have on the persistence of a population. It
provides a quantitative method of predicting the probability of extinction of a
threatened species (Reed et al., 2003), which is the principle issue in conservation
biology (Wilcox & Possingham., 2002). A PVA was performed on A. fusciceps. The
true state and distribution of the population is not known. It is possible that there may
be more than one population, split by high altitude areas within the CCER (Peck, pers.
comm.). Additionaly, the overal estimate of 250 brown-headed spider monkeys
includes the population found in the Awa Indigenous Reserve in the north (Tirira,
2005). However, for the purpose of this project, the estimated 250 individuals are
treated as one population and are assumed to be found within the CCER, LCBR,

CPFR and the primary forest found inside the mining concession boundaries.

3.2 PVA Methods

The software used for the PVA was Vortex version 9.72 (Lacy et al. 2005) which
enables the deterministic, demographic and genetic effects of a population to be
modelled, thereby allowing for the probability of extinction to be measured
(Lindenmayer et al., 2000). Appendix 9.2 shows the parameters used for each
scenario. Each scenario was iterated 1000 times, showing a period of 100 years.
Extinction was defined as only one sex remaining in the population, and a stable age

distribution was assumed.
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3.2.1 Density calculations of A. fusciceps

Assuming there are 250 brown-headed spider monkeys in the CCER, the
LCBR, the CPFR and the mining concession, atotal area of 2053.2 km? (see table 3.1)
is the estimated total home range for the population. This gives an estimate of only
0.12 brown-headed spider monkeys/ km

Table 3.1. Areas of thefour study area locations

Location Acres Hectares Km?
CCER 450000 182108.5 1821.1
Los Cedros 17000 6879.6 68.8
Chontal 10000 4046.8 40.5
Total 477000 193035 1930.4
Primary forestin 30356 12285 123
concession*

Totd 507356 205320.5 2053.4

*taken that primary forest in concession is 62% of total concession area (19500 hectares) (Intag solidarity, 2007)

However, studies conducted by Gavilanes in 2006, showed that in the LCBR
alone, the density of A. fusciceps was calculated to range from a possible 0.6-2.7

individualg’km?, with a mid value of 1.05 individuaskm? Using these different
estimations, the possible total population of A. fusciceps found within the primary

forest of the mining concession can be estimated (Table 3.2).

Table 3.2 Density calculations of A. fusciceps

Densities 0.12/ km 0.6/ km 1.05/ km 2.7/ km

Number of 250 1275 2232 5738
A. fuscicepsin
total area

Potential 36 182 319 820
number of
A. fusciceps in
concession

The last three calculations in table 3.2 are most likely to be overestimates of
A. fusciceps densities when compared with Tirira s study (2005). It is aso possible

that the value of 36 primates is an overestimation, as it is possible that the primary
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forest within the mining concession may be found above the altitudinal limits of the
range of A. fusciceps. The altitude ranges from approximately 1600m to 2500m within
the concession (PRIMENET GIS database, 2007). The upper altitudinal limit for
A. fusciceps is estimated at 2300m (Defler, 2004). However, it has been observed that
the spider monkey densities decrease with increasing atitude (Shanee, 2006).
Therefore, for the purpose of this project, the lowest values were still used, in an

attempt to not overestimate the population densities.

3.2.2 Background of Model Variables:

Data was gathered on A. fusciceps from various sources. When certain data
concerning A. fusciceps were not available, studies carried out on closely related
species were used as a reference. Below is a brief outline of certain parameters and
their variables. Reasons are given for their use in different scenarios.

Number of populations: Spider monkeys live in a fission-fusion society, with

the males remaining in their natal group, and females dispersing at adolescence
(Symington, 1990). Taking this into account, and for reasons previously explained
relating to their unknown true distribution, the estimated 250 individuals within the
four connected locations are taken to be one popul ation.

Inbreeding depression: This can be defined as a reduction of fithess in

individuals bred from genetic relatives (Miller & Lacy, 2005). Two values are used
throughout the different simulations. The default value provided by the Vortex
software is set at 3.14, after a study on 40 captive mammalian populations (Ralls et
al., 1988). However a more recent study has found an average of 12 diploid lethal
equivaents (O’ Grady et al., 2006). This value was also used. This emphasises the

importance of inbreeding depression in small and endangered populations.
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Environmental variation concordance of reproduction and survival: After a

study by Treves (2001) on howler monkeys (Alloutta spp.) which showed that success
in both reproduction and survival of the species ultimately depended on outside
factors related to the environment, such as weather or parasite load, the same was
assumed for the A. fusciceps population in Ecuador.

Reproductive rates: In all available literature, different interbirth intervals

were documented. Tirira (2007) provides an estimation of 2-4 years. For this reason
an average interbirth interval of 3 years was used for the simulations.

Mortality rates. Only data related to O-1 year olds and adult brown-headed

spider monkeys were available and were thus taken as 33% and 3% respectively
(McFarland Symington, 1988). However, no data on any other age category was
found for this species. Data was taken from as closely related a species as possible. A
study on Brachyteles hypoxanthus (Northern muriqui) provided the needed values
(Brito & Grelle, 2006).

Mate monopolisation: All adult males have the potential to breed (Campbell,

2006a) even though the sex ratio of 1:1 increases the competition for males to
copulate with fertile females (Campbell, 2006b).

Harvest: No data was found for hunting rates on A. fusciceps, therefore these
values were based on information gathered by Mena and colleagues (2000) in
Ecuador, which showed that ten A. belzebuth (white-bellied spider monkey) were
harvested in a ten month period. For the purpose of the PVA, it was assumed that ten

A. fusciceps are harvested in a 12 month period.
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3.2.3 Scenarios

Six different scenarios were carried out. The first was a baseline template
(Scenario 1), in which the parameters simulated the current population status of the
250 A. fusciceps individuals left in all four locations described. The baseline
scenario acted as a template for further scenarios to be put into Vortex. The second
scenario assumes that the deforestation caused by the open pit mine within the mining
concession would result in an initial loss of primates. Therefore the initia population
Size was set at 214, with a carrying capacity of the remaining habitat also set at 214.
All other parameters were kept the same as in the baseline template.

The third scenario (Scenario 3) assumes that the implementation of the mine
would cause the brown-headed spider monkey population currently living in the forest
found within the mining concession boundaries to displace. The initial population size
remains at the estimated 250, but the carrying capacity of the remaining forest was
reduced to 214. The increased pressure on the habitat will therefore increase the stress
on the surviving population. This was simulated by assuming a 10% increase in
mortality, due to increased food competition. The interbirth interval was increased to
four years for the same reasons. All other parameters remained the same as in the
baseline template.

The last three simulations (Scenario 4, Scenario 5 and Scenario 6) were
completed to assess the importance of the carrying capacity and harvest rates on the
population of A. fusciceps. The carrying capacity was therefore increased to 500
individuals in all three scenarios. The first smulation (Scenario 4) assumes all other
parameters to be the same as the baseline template. The second (Scenario 5) and third

(Scenario 6) simulations use the same parameters as Scenario 4, but the rate of harvest
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is changed to three females and one mae per year and one female per year
respectively.

From this, sensitivity analysis was carried out in order for alternative values
for specific parameters to be tested in relation to the amount of impact that such an
anaysis would have on the model results (Miller & Lacy, 2005). Ultimately this show
which of the parameters, of which accurate data were unavailable, are least important
or most important for the survival of the remaining A. fusciceps population.
Parameters were either increased or decreased by 10%, 25% and 50%. Where
conflicting data was found in the available literature, the maximum and minimum
values were used. The parameters that underwent sensitivity testing were lethal
equivalents, the interbirth interval, sex ratio, age of male sexual maturity, mortality

rates and harvest rates (see appendix 9.3).

After each scenario simulation, the probability of extinction (PE), the mean time to

extinction, the mean growth rate, the mean population number for surviving

populations, and the observed and expected heterozygosity were recorded.
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3.3 PVA Results
3.3.1 Scenario Results

The Vortex software calculated many outcomes for each scenario fed into it. A
summary of these results for all 1000 iterations for all six scenarios are shown in table
3.3. This includes all probabilities of extinction, mean time to extinction, mean
growth rate, mean final population for successful cases, and the expected and
observed heterozygosity, or gene diversity, in any surviving populations in the 1000
iterations. Appendix 9.4 shows all graphs from the Vortex output with all 1000

iterations for all the ssimulations.

Table 3.3. Results of Population Viability Analysisfor Scenarios 1-6

Probability of Extinction Mean time to Extinction (yrs)
Scenario 1 | 0.998 45.18
Scenario2 | 1 34.03
Scenario3 | 1 25.7
Scenario 4 | 0.973 47.05
Scenario5 | 0.185 78.55
Scenario6 | 0 n/a

Baseline Template: By assuming that al 250 individual brown-headed spider

monkeys are located in the three protected areas and the forest within the mining
concession, the baseline template shows that within 100 years the probability of
extinction for A. fusciceps is 0.998, with a mean time of extinction being in just 45
years. Figure 3.1. shows a sample of 100 of the 1000 iterations for this scenario,
showing arange of extinction times of 28-83 years.

These results thus show that, for the current situation of the brown-headed
spider monkey population in Ecuador, extinction is seems unavoidable. In the two
out of 1000 iterations, in which the population did not go extinct, only an average of
21.5 individuals survived. This suggests that even if the current population persists for

the next 100 years, only 10% of the total population will survive.
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Scenario 2: In this simulation, extinction appeared to be inevitable after an
initial loss of 36 primates due to the implementation of the mine. The mean time to
extinction reduced to 34.03 years (see table 3.3), with a range of 23-53 years. Figure
3.2 displays a 100 iteration sample of the 1000 possible outcomes for A .fusciceps.
With no possible surviving populations, the expected and observed heterozygosities

could not be compared.

Scenario 3: In this simulation, | investigated the probability of extinction on
the population if the implementation of the mine resulted in the displacement of 36
primates from the mining concession to the three protected forest areas. Extinction
also became unavoidable and the mean time to extinction was reduced by a further 8.4
years, down to 25. 7 years (see table 3.3). The range of years to extinction was
reduced to 19-41 years, which is displayed in figure 3.3 in which a 100 iteration

sample of the 1000 possible outcomes for A. fuscicepsis displayed.
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Fig. 3.1. Graph showing 100 smulated populations of Baseline scenario

0 10 20 30 40 50 60 70 80 90 100

Prairrt*haceline attemnt 2 Srenarin'haceling temnlate lteratinn 100

Fig.3.2. Graph showing 100 simulations of Scenario 2
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Fig. 3.3. Graph showing 100 simulations of Scenario 3
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Scenario 4-6: Little is known about the population of A. fusciceps and whether

the estimated 250 individuals are at carrying capacity. Therefore it may be possible
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that the forest could potentially hold more individuals were they able to increase in
numbers. The population may be recovering from previous losses caused by the
extensive harvest rate (Madden & Albuja, 1987) before it was illegal to hunt this
species. So if we assume that the carrying capacity of the area, without the
implementation of the mine, could potentially amount to, say, 500, we can see that in
the three simulations, with different rates of harvest, there is an increased chance of
survival for A. fusciceps (see table 3.3). As can be seen from the table above, with
decreasing harvesting impact, the probability of extinction also decreases, as do the
mean times to extinction. In scenario 6, whereby only one female is assumed to be
harvested in a given year, there is no probability of extinction. Graph 3.4 shows 100
possible iterations of the 1000 produced by the Vortex software for scenario 4a. It
shows a range of years to extinction from 28-73 with only a 1 in 1000 chance of the
population surviving the next 100 years, but still shows dramatically decreasing
numbers.

Scenario 5 alows for a greater chance of survival for the A. fusciceps. Figure
3.5 shows 100 possible outcomes of the 1000 iterations carried out. From the graph
we can see that the mgjority of the ssmulated populations increase steadily up to the
new set carrying capacity of the study area within the next 30 years. Of the
populations that did go extinct, the earliest at which this could happen is not until a
further 60 years have elapsed, which is more than twice the time in which the first
population in the baseline template went extinct.

Figure 3.6 shows 100 possible outcomes for scenario 6. All iterations rise
steadily to the increased carrying capacity of the area, set at 500. When compared
with scenario 5, the populations reach the carrying capacity with around 15 years, half

that of the previous scenario.



Fig. 3.4 Graph showing 100 simulations of Scenario 4

Fig. 3.5. Graph showing 100 simulations of Scenario 5

Fig. 3.6. Graph showing 100 simulations of Scenario 6

3.2.2 Sensitivity Testing:
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The results and the graphs of both the1000 iterations and the 100 iterations are
shown in appendices 9.5- 9.9. The calculated PE and mean time to extinction were
plotted on a graph to show which parameters have the greatest impact on the survival
or extinction of A. fusciceps.

Figure 3.7. shows the ways in which the different levels of the 5 parameters
affect the probability of extinction. For lethal allele equivalents, sex ratio and rate of
harvest, there is little change in the PE. However with regard to the percentage of
females breeding in a given year, by increasing the baseline value, the PE tends
towards 0.1, but there is no obvious change when it is decreased. In contrast, by
decreasing the rates of mortality and harvest, the PE tends towards values of 0.1 and
0.4 respectively, but thereislittle change to the PE when these values are increased.

In figure 3.8., the sensitivity of the mean time to extinction is related to the
same five parameters. For this outcome, the lethal equivalents are the only parameter
to have no impact on the mean time to extinction. As the percentage of females
breeding increases, so does the mean time to extinction. This also occurs in the sex
ratio parameter, up until the baseline value, after which the mean time to extinction
decreases with increasing sex ratio. For the rates of mortality and harvest, by

increasing these parameters, the mean time to extinction is lowered.

Fig. 3.7. Spider plot showing the sensitivity of five input parameterswith regard to the
Probability of extinction
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Fig. 3.8. Spider plot showing the sensitivity of five input parameters with regard to the
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Due to the surprising results from the lethal equivalents ST, a simulation
whereby there was no inbreeding depression was carried out. Figure 3.9 shows that
out of a possible 100 iterations, the population still went to extinction, with a mean

timeto extinction at 46.31 years.

Fig. 3.9. Graph showing 100 simulations of a scenario with no inbreeding

38



3.4 PVA Discussion:

PV As are widespread in their use for conservation biology to estimate the probability
of extinction of a population and the effectiveness of management plans to prevent
these possible extinctions (Boyce, 1992, Asquith, 2001). The Vortex models
described in this paper are based on the best estimates available concerning the
biology of A. fusciceps and regarding the present and current conditions of the related
habitat. Unfortunately, such information is limited. Moreover, it is difficult to know if
any other influences are likely to become apparent in the next 100 years other than
those that have been simulated here. For example, an epidemic disease outbreak or a
catastrophe such as El Nifio may become apparent in the population. The last El Nifio
to affect Intag was in 1997/1998 (Gerlach, 2003, cited in Kuecker, 2007).
Unfortunately, no data is available on how it affected the spider monkey population.
Nonethel ess, the results and outcomes produced by the Vortex software can be used in
a predictive manner to estimate the probability of extinction (McCarthy et al., 2001,

McCarthy & Possingham, 2003) and other related factors for A. fusciceps.

3.4.1Vortex Outputs

The outcomes of the baseline template, which uses parameters that simulate
the current demographic situation of A. fusciceps, show a negative deterministic
growth rate for the population, with extinction looming within the next 50 years.
Furthermore, with the impending threat of the Junin Project, results for both scenario
2 and scenario 3, which included deforestation caused by the implementation of a
mine in the simulations, extinction proved to be unavoidable. Scenario 2
demonstrated that such habitat destruction would result in the mean time to extinction

being decreased to be in the region of 34 years from now. Likewise, if deforestation
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of the area results in an initial loss of thirty-six primates, as was demonstrated in
Scenario 3, the mean time to extinction is further decreased.

Scenarios 4, 5 and 6 suggest that if conservation action allows for restricted
rates in hunting and an increase in the carrying capacity of the environment, the PE is
greatly reduced, with the population possibly surviving the next 100 years and almost
doubling in individuals, if the harvest only consists of one female per year. In these
scenarios, any stress related factors have been removed, leaving rates of harvest as the
most important parameter affecting the population. Although hunting rates of
A. fusciceps were unavailable, subsistence hunting is known to be common in the
neotropics and can create problems for conservation (Franzen, 2006). In northeast
Ecuador, A. belzebuth is reported to be especially vulnerable to hunting pressures, as
it is preferred by local hunters due to its large size (Franzen, 2006). In Latin America
as a whole, Ateles species are generally percelved as important resources for
subsistence hunters (Robinson & Redford, 1991). Therefore, it may be assumed that
local hunters in northwest Ecuador may prefer A. fusciceps. If the Junin project is
established, new roads in the area may attract people from further a field into the
forest, thereby increasing the hunting threat for A. fusciceps. However, in scenario 4,
5 and 6, three possible managed populations were simulated of the brown-headed
spider monkey, assuming that little or no hunting of A. fusciceps occurs in the area.
Along with an assumed increase in the carrying capacity of the protected forest areas,
the PE was greatly reduced, and even in some cases extinction was not an outcome,
but an increase in individuals within the population occurred. All other models are
likely to be overestimating harvest rates, since by law A. fuscicepsis protected against
hunting (see Tirira, 2005). This highlights the imminent need for research to

accurately quantify the harvest rates of A. fusciceps.
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3.4.2 Sensitivity Testing Outputs

Sensitivity testing is important for calculating an estimate of the extent to
which changing parameters may affect the extinction risk of a population (Dreschler,
2004, Dreschler & Burgmann, 2004). It is aso needed to assess any uncertainty in
model parameters (Dreschler, 2004) thereby highlighting areas that need more
accurate data to help the precision of the model results (Dreschler & Burgmann,
2004). The sengitivity testing demonstrated that only three input parameters had an
effect on the probability of extinction: % adult females breeding, the rate of harvest
and the rate of mortality, and that all but the lethal equivaents influenced the mean
time to extinction. A. fusciceps was shown to have a greater chance of survival if
harvest rates were reduced and the interbirth interval decreased. Once again, the need
to obtain current and accurate data on the rates if hunting of A. fusciceps in and
around the area of Intag should be of primary concern to effectively manage the
population.

3.4.2.1 Environmental Variance

Interbirth interval or birth rate, as it is aso known, is an important factor in
population dynamics, and is highly influential on the rate of population increase (Ross
and Jones, 1999). Charnov’s model of life history invariants indicates that primates
alocate little energy into growth or reproduction, thereby forcing them to delay
sexual maturity until they are large enough to produce offspring efficiently (Charnov,
1991 cited in Cowlishaw & Dunbar, 2000). A. fusciceps being one of the largest
neotropical primates (Karesh et a., 1998, cited in Campbell et a., 2005) is no
exception to the rule. Furthermore the range in birth rate is dependent on many
factors, such as food availability and predation, which can be collectively described as

environmental variance (EV) (Cowlishaw & Dunbar, 2000). Increase in resource
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competition between conspecifics will cause individual fitness (Drake, 2005) and
female reproductive success to suffer, resulting in the production of fewer offspring
(Cowlishaw & Dunbar, 2000). A. fusciceps is known to have an unusualy long
interbirth interval of 2-4 years (Tirira, 2007), with either end of the spectrum affecting
the PE and mean time to extinction (Drake & Lodge, 2003). To replicate these effects
in Vortex, rates of mortality were increased and the percentage of females breeding
was decreased, in response to deforestation augmenting the environmental variance,
as was demonstrated in scenario 3. This simulation indicated that with increased stress
caused from the environmental variance, the population would be negatively affected
and the extinction risk would increase.

3.4.2.2 Sex Ratio

Determinants of sex ratios are poorly understood (Strier, 2000), but it is
known that any deviation from the sex ratio may result in increased inbreeding (Brito
& Grelle, 2006). A population that has a female biased sex ratio will generaly result
in population growth, whereas a male biased sex ratio will increase the PE (Gabriel et
al., 1991, cited in Brito & Grelle, 2004). However, in the sensitivity testing, it appears
that the sex ratio has little effect on the PE. Nonetheless, when the percentage of
males outweighs the percentage of females in the population, the mean time to
extinction is reduced. However, due to A. fusciceps being characterised as
monogamous in the scenarios, it is taken that one male will only mate with one
specific female. The fission-fusion society of A. fusciceps cannot be accurately
simulated by Vortex. Therefore, mean time to extinction also decreases as the sex
ratio tends towards a female bias. Thisis due to the lack of male pairing, resulting in
fewer offspring being born each year, thereby driving extinction to occur at an earlier

stage.
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3.4.2.3 Genetic L oad

It is well documented that many endangered species have a lowered genetic
diversity (Spielman et a., 2004), which is measured using heterozygosity as a unit
(Allendorf & Luikart, 2007). Under stressful conditions, such as deforestation, the
effects of inbreeding are increased, thereby augmenting the extinction risk of a
threatened species or population (Frankham, 2005). In general, however, primates
appear to avoid the risks of inbreeding due to their dispersal mechanisms (Strier,
2000). Surprisingly, the lethal equivalents did not seem to have an effect on the
persistence of the population. It is speculated that the value of 3.14 for lethal
equivalents put forth by Ralls and colleagues (1988) is an underestimate as it only
includes the reduction in fitness of juveniles and ignores adult survival. Furthermore,
data for this study was taken from captive environments which tend to be less
stressful than wild environments (Allendorf & Luikart, 2007). Nonetheless, it is well
documented that inbreeding greatly influences the PE especially of small populations
(Bijlsma et al., 2000). It is therefore normal to assume that inbreeding would
influence the extinction risk of A. fusciceps. Furthermore, by increasing stress in the
environment, by implementing a mine and causing deforestation of the habitat, it is
possible that a previously concealed genetic load could become expressed, thereby
increasing the inbreeding depression within a population (Brito & Grelle, 2006,
Allendorf & Luikart, 2007). This is something that cannot be predicted by the PVA,
but must be taken into account for management strategies. However, it is also likely
that the negative impacts of inbreeding will not affect a population in such a short
time period (Frankham et al., 2002) especially as Vortex depicts each individual in the

population as genetically unique at the beginning of the scenario (Miller & Lacy,



2005). Therefore it can be assumed that inbreeding will not have an effect on the

population of A. fuscicepsin the next 45 years, as was predicted by Vortex.

3.4.3 Limitations

Overall, the results show that long term viability of the population is highly
unlikely for A. fusciceps. However, a criticism of using PVA as an approach to the
conservation of endangered species is that the predictions produced by computer
software packages, such as Vortex, have rarely been tested for a specific level of
accuracy (Boyce, 1992). This may result in some outputs being taken with some
uncertainty (Ludwig, 1999, Brook et al., 2000, Ehlner et al., 2002). A further criticism
is that PVAs generally tend to overestimate the extinction risk of a species (Reed et
al., 2003). Despite these criticisms, PVA is still used as a conservation tool, since, as
yet, no better alternatives have been put forward (Brook et al., 2002). Moreover, it is
vital that management of threatened species continues, regardless of these

uncertainties in the available data (Pease & Fowler, 1997).



3.5 PVA Conclusion

Understanding the demographic parameters of a species is paramount in effectively
managing the conservation of an endangered species (Lande, 1988). Planning
conservation for such species that may be under threat from extractive industry now
requires more precise estimations of extinction risk (Drake, 2005).

Crucia information concerning many endangered species is more often than
not unavailable and unknown (Pease & Fowler, 1997, Nicholoson & Possingham,
2007), as data becomes more difficult to collect as species become more rare (Doak &
Mills, 1994). Thisis a key problem with using PVAs as a conservation tool (Wilcox
& Possingham, 2002). Such is the case for the rare brown-headed spider monkey.
Vortex, in particular, is a computer program that demands a lot of data for the
concerned species, thereby causing the majority of input values in many PVASs to be
only estimates (Asquith, 2001). In this project, accurate data on the carrying capacity,
rates of harvest and rates of mortality were not known, showing that for the effective
management of this population to be possible, such information is urgently needed.
The PVA simulations demonstrated that by managing the hunting pressure and by
preventing any habitat loss, thereby preventing stress to the population, A. fusciceps
has a greater chance of survival. Furthermore, Vortex predicted that if the carrying
capacity was above the proposed 250 threshold, the population of the brown-headed
spider monkey could increase. Therefore, it is critical that the mining project be
completely prevented and that no further deforestation is allowed to occur in the
habitat of A. fusciceps, in the hope that the population will remain stable or even
increase in numbers. Long term data collection is needed for A. fusciceps to increase

the accuracy of future PVAs (Caro, 1998) However it israrely the case that such data
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can be collected, since most conservation projects rely on quick decision-making
(Fedigan & Jack, 2001).

A study by Fedigan and Jack (2001) demonstrated that by providing protected
areas for neotropical primates, populations can increase, with females having more
offspring in these areas. Previous research by Strier (1991), on Brachyteles
arachnoides, revealed that these small primate populations could recover if enough
protected habitat was kept for them. Therefore, as long as no further deforestation
occurs, illicit hunting is stopped and conservation action is maintained and
encouraged, there is still hope for the brown-headed spider monkey population in

Ecuador.
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3.6 Recommendationsfrom PVA study

Implement a survey program to accurately map the current distribution of

A. fusciceps

Collect data on home range in order to calculate the preferred habitat area
needed for the population

Implement a census of the A. fusciceps in the mining concession area, which
should be of primary concern

Prioritise data collection and conservation concern on the population of

A. fusciceps found within the mining concession

Encourage and support long-term data collection of population dynamics,
mortality rates and birth rates (Strier, 1991)

Attempt to measure the carrying capacity of the remaining habitat

Carry out studies to fully understand the extent to which the mine will have an
impact on the population of A. fusciceps both found within the concession and
in the surrounding forest areas

Prioritise collection of data that can be used in PVA model

Continue to use PVA models as more accurate datais collected

Assess other anthropogenic activities in the area and how they may affect the
A. fusciceps population

Assess local community views on A. fusciceps and hunting rates in the area
Provide aternative means of animal protein for communities that rely on
hunting and the use of A. fusciceps for meat

Implement a genetic studies program on A. fusciceps if funding permitsit
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Research into the feasibility of captive breeding programs should be executed,
if budget permits

Begin translocation studies out to assess their feasibility for A. fusciceps
|gnore taxonomic uncertainty and designate full species status to A. fusciceps
Keep an updated and public database of population size and composition and
density

Encourage communication between groups and experts of A. fusciceps



4. Multi-Criteria Decison Analysis:

4.1 The Use of Multi-Criteria Decision Analysis

Regarding the environment, decision-makers must adopt a management plan that
maximises public acceptance, and one that has a minimum impact on the environment
and public health (Kiker et al., 2005). For this reason, MCDA is needed to process all
stakeholder preferences, in addition to information gathered from monitoring and
modelling studies, risk assessments and cost-benefit analyses (Kiker et al., 2005) and
ElAs (Linkov et al., 2004). For example, the surface area of impact of an open pit
mine may be used as a criterion for the measure of public acceptance, while a
calculated hazard quotient may be used as a criterion for any ecological risk (Kiker et
al., 2005). Furthermore, public opinion and socio-political factors should be
incorporated into MCDA, and should not ssmply rely on quantitative information
(Kiker et al., 2005). With regard to conservation biology, which is a discipline that
entalls trandating scientific knowledge into management plans, political controversies
may arise in light of other preferred land uses (Dreschler, 2004). Furthermore, it is
often the case that scientific data is ignored (Dreschler, 2004) if it conflicts, for
example, with extractive industry. This stresses the need for a more systematic and
structured approach to conservation issues and management, which can be done

through the use of MCDA.

4.2 The Economic Value of Biodiversity and of a Single Species

Conservation of ecosystems and the inhabiting wildlife has been based upon ideals
and aesthetic values, but evidence now shows that there is an economic value to
keeping wild habitats as they are (Heal, 2005, cited in Morrison, 2005). If managed

correctly, ecosystems can provide an array of benefits, just as any other economic
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investment should do (Morrison, 2005). Thus, it has become a popular practice to
weigh up the conservation of wildlife habitats against the economic value of
converting the habitat into an aternative land use (Wilkie & Carpenter, 1999). Thus
conservationists have, at times, used economic terms to justify their efforts (Wilson,
1988) to non-conservation based parties, by demonstrating the benefits that different
ecosystems can provide (Pagiola et a., 2004). By placing an economic value on
biodiversity, it can be compared and contrasted to the economic value of harvesting
natural resources (Wilson, 1988). Nonetheless, some conservationists remain wary of
this approach in fear that appreciation of the species in its own right will be lost
(Tallis & Kareiva, 2005).

The planet provides us with natural resources and all ecological services, upon
which our economy is dependent (Wackernagel et al., 2002). Studies have shown that
we need to stay within the limits of nature' s limited supply (Wackernagel et al, 2002).
Further studies have even estimated that by conserving all the remaining wildlife on
the planet, the benefit to cost ratio would be 100:1 (see Bamford, 2002). Constanza
and colleagues (1997) have estimated that the average annua vaue of nature’'s
services hovers around the $38 trillion mark. This highlights the importance of natural
resources to humans, but it does not aid in deciding how valuable one individua
species may be (Hilty et al., 2006). Additional research has shown that it may be more
economically beneficial to prevent any land from being converted through
anthropogenic activities (Balmford, 2002). This may be used as an argument to tackle
the large multinational corporations which generally think in economic terms, to
reduce their land conversion projects (Bamford, 2002).

In terms of single species, rather than whole ecosystems, one means of putting

a value on them would be to simply ask people how much they would be willing to
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pay to protect a specific species (Gatto & de Leo, 2000). However, it is most likely
the case that large charismatic species will generally warrant more economic value
from the general public than, for example, a poorly described invertebrate (Gatto & de
Leo, 2000). From this, it can be taken that cost-benefit analyses have proven fairly
useless, or at least inconclusive, with regard to comparing and weighing up
biodiversity with the harvesting of natural resources. Even so, cost-benefit analyses
are still used as an important means to measure the advantages and disadvantages of
conservation (see Morrison, 2005). Unfortunately, there is much speculation as to
whether we can ever precisely predict the economic value of an ecosystem, and yet it
is essential that we do so in order for it to act as an important and useful tool in
conservation (Gatto & de Leo, 2000, Morrison, 2005). Using this valuation approach,
society can make informed choices about the trade-offs of natural resources and
alternative land uses (Loomis, 2000), such as mining.

The economic benefits of conserving the cloud rainforests of Ecuador would
be those related to its natural hydrological functions. In the past, replacing the
ecosystem’s innate ability to provide us with such services has proven to be very
costly when manmade (McNeely, 1988). A study by Davis and Tilton (2005)
suggested that converting land to mining projects would not be beneficial in monetary
terms, and may even hinder the economic development of the hosting country.

It remains a difficult procedure to place a monetary value on some of the
parameters described above (Linkov et a., 2004), but by using an MCDA approach,
which may include the cost-benefit analysis alongside risk assessments and EIAS, a
more thorough and systematic approach to assessing the benefits of land use versus

conservation can be guaranteed.
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4.3 The Junin Project and Multi-Criteria Decision Analysis

The application of MCDA to mining management has previously been proposed. It
was recommended that a workshop involving al stakeholders take place in order to
devel op “consensus-based management decisions’ (Gregory & Keeney, 1994). Kiker
and colleagues (2005) go on further to produce a synthesis of an MCDA model in
which three stakeholders (the public, the scientists and the actual decision-makers) are
given asymbiotic relationship, giving each akey role in the decision-making process.
Figure 4.1 illustrates how the procedure of MCDA works and PV A could be
incorporated into it, using the Junin Project as an example.

New regulations brought in by the United States Environmental Protection
Agency (USEPA) should perhaps be used as a model for any decision regarding the
fate of the environment in and around Junin. This technique uses a decision-making
tool known as Multi-criteria Integrated Resource Management (MIRA), in which
scientific datais brought together with any other information brought forward by the
stakeholders concerned (Stahl et al., 2002). Thiswould mean that any scientific
studies, such as a PVA would have to be considered in any decision made about the
habitat of an endangered species.

For the case of the Junin project and the brown-headed spider monkey, using
the above approach would be beneficial to the conservation of the aforementioned
endangered species, by incorporating the information gathered from the PVA and
from the EIA. The future persistence of A. fusciceps relies on multiple factors, ranging
from its genetic load and population dynamics to the outcome of the Junin Project and
the related political decisions. The use of MCDA should therefore be paramount in

this conservation cause.
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Fig. 4.1. A Flow Chart of the suggested MCDA process for the Junin Project (adapted
from Kiker et al., 2005)
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2. Synthesis

Conservation biology lacks a systematic approach (Pease & Fowler, 1997, Moffet &
Sarkar, 2006). This highlights the need for MCDA to become a vital component of
conservation management. Such strategies must become part of a broader system that
also addresses global policies, legidation and economics (Wilson et al., 2005). With
land needed for conservation purposes competing with other uses, such as industrial
resource extraction (Moffet & Sarkar, 2006), MCDA is unavoidable, especially since

biodiversity-friendly policiesin thisindustry are very challenging (ICMM, 2004).

5.1 Economic ver sus Socio-political Factors

Until governments fully appreciate the social and economic implications of
biological degradation, little effort will be made to improve biodiversity conservation
(Ninan et al., 2007). Conservation of large ecosystems and habitats is a costly activity,
thus its benefits must be highlighted in order to compete with alternative land uses
(Ninan et a., 2007), such as the extractive industries. The current decrease in
biodiversity is helped by economic market failures, with resources being under-priced
and the economic value of biodiversity failing to be recognised (Aylward, 1991).

Generally, environmental decisions are simply based on cost-benefit analyses
(Linkov et al., 2004) athough many problems arise using only this method. For
example, they only focus on factors that can be quantified, and disregard other
important factors (Gatto & de Leo, 2000), such as social, political or ecological
factors. With respect to the Junin project, it is obvious that the social and political
factors are an integral part of the decision-making. Furthermore, the actual importance
of a species to the ecosystem, or the ecosystem itself, may never be known until it is

extinct or destroyed (Gatto & de Leo, 2000). It may be that the brown-headed spider



monkey is a keystone species in the Ecuadorian cloud forest. Therefore, MCDA may
prove more useful in not only providing an overview of al of the information
important for the project but aso as a means of improving an understanding of the
way in which group decisions can be made effectively (Linkov et al., 2004, Kiker et
al., 2005).

Accordingly, MCDA has been developed to incorporate quantitative values,
such as the economic value of a landscape, with qualitative values, such as human
health and other important social factors (Gatto & de Leo, 2000). MCDA can
describe a trade-off between these different factors, whereas a cost benefit analysis
simply cannot (Gatto & de Leo, 2000). Vauation of the ecosystem and its resourcesis
a means of helping to convince decision-makers to conserve more resources (Pagiola
et al., 2004). If they do not use economic terms, it is unrealistic that conservationists
will be listened to (Wilson, 1988). And until the economic implications of biological
degradation are better understood, governments are likely to ignore the speculated
outcomes (Ninan et a., 2007). Thereforeit is essential that a true understanding of the
economic value of biodiversity is set as a primary goal for conservationists (ODA,

1991, in Ninan et a., 2007).

5.2 Using Ateles fusciceps as a Flagship Species

As can be seen, ecosystems and their services have been valued, but as yet,
there is no consensus on placing a value on an individual species. Although it is
known that the brown-headed spider monkey is an essential animal in its habitat for
reasons such as seed dispersal, it is not easy to put a value on it. Therefore, it is
essential that the survival of the brown-headed spider monkey becomes considered an

intrinsic component of the overall survival of the forest it lives in. Furthermore, due to
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the tendency of A. fusciceps to only inhabit primary forest (Rylands & Keuroghlain,
1998, Defler, 2004), it may act as agood indicator species for ecosystem condition.
Through this, the brown-headed spider monkey can be selected as a flagship
species. It is well known that by carefully choosing a large charismatic species
(Simberloff, 1998, Caro & O’'Doherty, 1999), endemic to an area (Kleiman &
Mallison, 1998,), and one that is reducing dramatically in numbers (Dietz et al., 1994)
to act as a flagship species, important areas for conservation can be protected. This
may be a more pragmatic means of conserving whole ecosystems, with other
biodiversity falling under its umbrella (Foose et al., 1995, cited in Reed et al., 2003,
Caro & O’'Doherty, 1999), thereby improving the chance of survival for the less
charismatic (Johnsingh & Joshua, 1994, Brito, 2004, Tisdell, 2006), yet equally
endangered, species. Flagship species tend to enhance public appeal through human
sympathy (Caro & O’'Doherty, 1999), thereby increasing available funds from the
public sector (Tisdell, 2006). For these reasons, primates generally make very
powerful flagship species (Dietz, Dietz & Nagagata, 1994). Flagship species are a
useful tool for providing a solid base for conservation priorities, thereby preserving
many ecosystem services when data and resources for conservation are limited
(Ceballos et a., 2005). Thus, not only will the survival of the brown-headed spider
monkey be taken into consideration, but its whole habitat, which is home to many
other species of flora and fauna and is essential for water and the livelihoods of the
local communities of Intag will too. Even if an economic value cannot be placed on
an individual species, itsintrinsic value, which raises emotions in people, will help to
motivate the conservation of the species, such as the brown-headed spider monkey, as

well asthe overall biodiversity of the ecosystem (Hilty et al., 2006).
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This would mean that by emphasizing the critical status of the brown-headed
spider monkey and the threat that the mining project would have on the population,
the genera public may be willing to help conserve A. fusciceps, which would increase
the pressure on the mining company to retreat from the area and cease the Junin
project. This issue is very important to remember in relation to conservation, since
conservation biology is costly and likely to conflict with social and political issues
(Maguireet al., 1987) as well as financial factors and public opinion (Maguire, 1986).

Nonetheless, regardless of how appropriate it may seem to use the brown-
headed spider monkey as a flagship species, it must be noted that any attempt at
designating its habitat into a conservation priority area, and thus, hopefully, banning
the implementation of a mine in the area, must be done in a cost effective and
ultimately in a politically sensitive manner (Ceballos et a., 2005) especially since

A. fusciceps is endemic within political boundaries.

5.3 The Need for a Systematic Approach

MCDA has been used for many conservation management strategies, yet it too
still lacks a systematic approach (Moffet & Sarkar, 2006). Without a systematic
approach, the value of a single species or biodiversity as a whole cannot be measured,
thereby complicating the matter of justifying what needs to be managed (Cardosa de
Mendonca et al., 2003).

In the last twenty years, different models have become integral to decision-
making in conservation (Dreschler et al., 2007). MCDA is important in helping
conservation decisions to incorporate not just scientific data but also economic and
political factors, which have previously been ignored (Dreschler et al., 2007). The

economic value of biodiversity cannot be ignored. Both ecological and economic
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processes are intertwined. When ecological processes are changed, a change follows
in the economic activity, thereby generating a new value to the ecosystem (Aylward,
1991). Ecological-economic modelling is a proposed discipline by Dreschler and
colleagues (2007), in an attempt to facilitate conservation decision-making, but it is
still far from being recognised. Thus it is vita that MCDA becomes pivota in
conservation management, while incorporating all the related disciplines and data,
such as PVAs and ElAs.

Conservation biology has become a popular discipline but does not yet fulfil
its potentia to influence policies and politics (Reld & Mace, 2003). Good decisions
regarding the state of biodiversity and its future persistence rely on scientific
information being put forward to the decision-makers, in a manner that scientific fact
cannot be ignored. This paper shows that even though some PVAS, such as the PVA
for A. fusciceps, do not contain a full set of accurate data, they can still be used as a
tool in environmental decision-making. PVAs are crucia in policy formation
procedures (Lindenmayer et a., 1993, cited in Ludwig, 1999), which, regardless of
scientific research, is what the fate of threatened species depends on. Unfortunately,
most PVAs do not get published (Boyce, 1992). It is crucia that scientists share their
work and demonstrate to others how they may have dealt with lack of data. However,
it is essentia that they become more widespread in order to facilitate the argument in
the MCDA to encourage conservation over land use alternatives

A magjor criticism of PVA modelsisthat they constrain the conservation issues
into a single-species category, thereby ignoring the holistic environmental problems at
hand (Asguith, 2001). Nonetheless, without viable populations persisting in these
ecosystems or ‘hotspots’, it may seem useless to manage on the basis of conserving

whole habitats (Reed et al., 2003). . Due to the fact that PVAs may not be completely
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accurate (Boyce, 1992), it is essential to incorporate other such mediums to increase
this level of accuracy with regard to the extinction risk of endangered species. In
addition to this, it is essential that PVA plays a part in the grand scheme of
conservation decisions, to give one perspective on the possible outcomes, but that it is
not used as sole evidence for conservation.

However, it must also be noted that for many cases of endangered species
management, there is rarely a lot of time to measure the extent of the conservation
issue before having to act (Doak & Mills, 1994). Thus policy makers are at times
forced to make decisions without having any scientific or quantitative data to help
them (Doak & Mills, 1994). Therefore, it is essentia to perform PVAs for example,
with the basic information that one may have about their endangered species, in order
to provide some basis for the policy makers to work from (Doak & Mills, 1994). If
conservation efforts do not include critical biological information into the research
plans, recovery of endangered species or habitat will not be successful (Schemske et
al., 1994). Unfortunately, at timesit is highly unpractical or even impossible to collect
the necessary data (Boyce, 1992).

By including ElIAs, a new perspective can be formulated in conservation
decision-making. An EIA is a public document (Moody, 2007) and thus is important
for conservationists to use as atool in the bid to preserve biodiversity against the large
corporate mining companies. Although many other permits by local governments are
needed to alow the mining company to begin the project (Moody, 2007), an EIA is
the sole significant piece of documentation that can come under scrutiny from
outsiders and thus be contested by any third party. Therefore, it is also important to
focus on the EIA in an attempt to prevent any mining project, in order to help protect

endangered species such as the brown-headed spider monkey. Mining activities
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physically modify undisturbed natural landscape. Such a disruption to the
environment can produce detrimental effects far beyond the concession and such
destruction is more often than not crucial in effect (Hilty et al., 2006). By
incorporating EIA into MCDA, all relevant data concerning the environmental impact
that mining will have on the area can be accurately assessed.

Doak and Mills (1994) have put forward many suggestions to better the
system in which conservation biology can be acted upon. For example they state that
methods for estimating population parameters need to be improved, as well aswaysin
which data can be collected using cheaper and quicker methods and they also confirm
that the data that can be used in simulation models should be prioritised.
Unfortunately, it seems that bureaucratic and budgetary constraints, as well as a
genera lack of awareness for the need of more useful data, may aways prevent this

(Chambers, 1991 cited in Doak & Mills, 1994).
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6. Conclusion

The Junin Project was investigated in order to elucidate the controversies surrounding
the open pit mine in the Cotacachi County as well as to illustrate the corruptions that
haunt the extractive industry. Research has shown that few regulatory procedures
have had any input to the parameters undertaken by ACC, but that they did not go
unnoticed by local communities and NGOs. The data presented here suggests that the
impacts that the mine would have on the environment and local wildlife will be
detrimental, regardless of the impacts on the local community livelihoods. The PVA
further shows the irreversible consequences that copper mining could have on the
brown-headed spider monkey alone. Thus, by attacking this conservation issue from
multiple angles, including environmental, socio-political, economic, conservationa
and archaeological factors, an in-depth analysis can be formulated to compile the best
argument for the conservation of the forests of Intag rather than the conversion of the
land for extractive use.

Little or no research has been carried out to investigate the use of MCDA for
conservation management. This paper therefore demonstrates the need for a
systematic approach to environmental issues and conservation management, which
can be facilitated through the use of MCDA. Even though research has shown that
assessment of the economic value of biodiversity and ecosystems may be the only
approach for governments and other decision-makers to comprehend the advantages
of conserving biodiversity as well asindividually threatened species, MCDA will till
be needed to consider all aspects to reinforce the conservation argument.

Accordingly, in the case of the brown-headed spider monkey, the results of the
PVA and EIA should be incorporated into any decisions regarding the outcome of its

habitat. Although the results of the PVA do not infer its value, the predicted outcomes
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do emphasise how destructive the Junin Project will be on the population. The EIA is
needed to encompass all stakeholder opinions. In an area that is of immense
importance for biodiversity and that is home to a critically endangered primate, |
believe that all information concerned with the survival of the habitat and its endemic
inhabitants should be taken into account for any decision-making related to this area.
Much additional research needs to be done to further stress the importance of
constructing a systematic approach to conservation issues through the use of MCDA.
However, what can be deduced so far isthat al aspects concerned with a conservation
cause need to be brought together for an extensive and comprehensive analysis of the
situation at hand. Unfortunately, regardless of the evidence and facts that scientists
may put forward in an attempt to protect an endangered species or the ecosystem as a
whole, the government will always have the last say. For Ecuador, the liability of
having a massive foreign debt can be a reason for the government to destroy its
endemic and precious biodiversity, in order to sell the resources as a means to pay off
this debt (Kuecker, 2007). Nonetheless this should not deter research into developing
methods for putting forward an argument to conserve the endemic brown-headed
spider monkey of Ecuador and to encourage the systematic use of MCDA in

conservation management.
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7. Recommendations

Below are severa recommendations that should be followed to prevent the Junin
Project from materialising in the hope of conserving the last remaining population of

A. fusciceps.

Recommendationsfor incor porating EIAsand PVAsinto MCDA for the
conservation of A. fusciceps:
Monitor EIAson aglobal scae
Re-evaluate the EIA by carrying out a new and independent study to
accurately and objectively assess the situation
Continue long term studies to collect accurate and adequate data eveniif itis
not feasible to delay decision making (Reed et a., 2005).
Calculate an estimation of the minimum viable habitat (Soulé, 1987) for
A. fusciceps
Encourage the preservation of habitat
Begin areforestation and corridor program and implement atotal ban on any
form of deforestation in the area
Monitor and manage the hunting rates of A. fusciceps
Increase local education programs concerning the environment, the
importance of biodiversity and A. fusciceps
Empower the local communitiesto know their rights and be able to pursue this
(Doyleet al., 2005)
Increase local sustainable job opportunities to discourage local communities

from needing to work for ACC
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Increase communication and transparency of information from different
sources (environment, archaeol ogy, conservation, social, economic)

Initiate transparency in conservation decisions (Dreschler, 2004)

Incorporate all experts other than scientists for the sake of conservation
management, otherwise results and recommendations will unavoidably be
biased (Asquith, 2001).

Encourage the upgrading of ‘ biodiversity hotspots’ to ‘no-go areas’ for the
extractive industry. One means of protecting the forest would be to set up a
“Bosque Protector Status’ in all areas that provide habitat for A. fusciceps, or
to establish the area as a municipality reserve (Peck, pers. comm.).

Develop a more systematic approach to conservation planning

“To achieve effective conservation action we must learn to balance and capitalise in
our different perspectives.”

- N.M.Asquith, 2001
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9. Appendices

Appendix 9.1

ACC respondsto allegations (seehttp://biz.yahoo.com/iw/061219/0196563.html)

Press Release Source: Ascendant Copper Corporation

Ascendant Copper Corporation Responds to NGO Allegations Regarding Its Junin
Project
Tuesday December 19, 2006 10:49 am ET

VANCOUVER, BC--(MARKET WIRE)--Dec 19, 2006 -- Given the amount of
negative publicity and outright distortion of truth being published by anti-mining
NGOs during the past few days regarding activities in the Intag region of Ecuador
where its Junin copper-molybdenum porphyry project is located, Ascendant Copper
Corporation ("Ascendant” or the "Company") (TSX:ACX.TO - News) (Common
Sahres: ACX) (Warrants: ACX.WT) (BerlinnAOHMLE.BE - News) believes it must
set the record straight.

According to Gary E. Davis, the President and CEO of the Company, "There are two
separate and distinct issues at play here. First is approval of the Company®
Environmental Impact Statement ("EIS") for exploration of the Junin project. Second
concerns our efforts to conduct non-mining related agricultural activities on surface
properties in the area which are legally owned by the Company. These two matters
are not related, no matter how much the opposing NGOs might like to make them so.
Further, to be perfectly clear, in no manner or form has the Government of Ecuador
suspended Ascendant® activities or threatened to suspend or obstruct it from carrying
out activities related to either its mining concessions or surface lands."

Regarding the EIS, the Company acknowledges that it did recently receive a letter
from the Ministry of Energy and Mines stating that the Company cannot conduct
mining-related activities on its Junin concessions until such time as there is an
approved EIS. The Company concurs, and has always concurred, that thisis factual --
without an approved EIS, which isthe legal authorization to proceed with exploration,
the Company may not do so. "For whatever reason, the NGOs are attempting to
parlay this letter into something that it is not,” said Mr. Davis. "Y ou would be led to
believe from a press release issued by MiningWatch Canada that this is new news and
somehow damning to the project. It is neither."

Within the last month, as part of the political process resulting from the election of a
new President of the country, the Minister of Energy and Mines has made severa new
appointments within the Ministry including a new Vice Minister of Environment. The
new Vice Minister has been placed in the very difficult position of having to handle
the delicate NGO vs. mining industry situation that seems to be escalating during this
period of political transition.
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Several Canadian newspapers have recently carried articles that have suggested or
stated that the Company has started using military force in the Intag region to secure
its surface lands. These allegations are illogical, irrationa and just smply false. The
facts of thisare set out below.

The Company currently owns in the Intag region, primarily within the Junin
concessions, approximately 2,800 hectares (6,700 acres) of surface lands. Initially the
thought in acquiring these lands was that it made sense for the Company to own the
surface overlying the known copper mineralization as well as to provide unobstructed
access routes into and out of the concession areas. All of these lands were purchased
from local residents who held title to the lands.

During the last several months the Company has been attempting to access these lands
to commence agricultural work on them and, in October, signed an agreement with an
independent, third party Ecuadorian agricultural company to assist the Company in
maximizing the agricultural potential of its properties. This company, Falericorp, is
dedicated to the development of agricultural and agro-industrial projects. As part of
its agreement with Ascendant, Falericorp agreed to create an ecological conservation
area around the area of Ascendant® operations and develop sustainable agricultural
activities as part of an overall community development plan as well as hire no less
than 80% of its workers from communities in the vicinity of its properties.

It was this company, Falericorp, in an effort to carry out its contract with the
Company, which supposedly "stormed” the local communities as reported by the
National Post and the Ottawa Citizen. In fact, this company did have 57 people
located on and beginning work on the Company® lands. They were accosted by what
can only be termed an eco-terrorist group armed with shotguns and automatic
weapons and then forced at gunpoint to cease work on the Company® properties and
were held hostage against their will for approximately a week. Of these individuals, it
is reported by Falericorp to the Company that approximately 20 were there to provide
protection against possible aggression and the remainder were farmers and trained
agricultural workers. Despite guards being present, the group peacefully surrendered
to the terrorist group. All captives were subsequently released unharmed.

As reported in the Canadian press, there were severa related stories that played out
during this same time. It was reported that the Mayor of the Cotacachi Canton, in
which the Junin project is located, upon trying to bus into the area approximately 100
outsiders to support the extremists in the hostage taking situation, was "shot at, pelted
with stones and threatened by pro-mining activists." "While | understand that no shots
were fired and, as such, no one was shot at," stated Mr. Davis, "this underscores the
strong disapproval the local people have for the Mayor and his repeated attempts to
block development in the area and support the NGOs. This was a spontaneous
demonstration by the communities against the Mayor, and the Company was in no
way involved init."

On several websites it has been intimated that the military participated in these
confrontations. This also is not factual. Up to this point in time, the military has not
been involved. The Company understands, however, that the military is aware of
reports of illegal automatic weapons being present in the area and has indicated that
this could lead to future military investigations.
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As was reported last month, the Company has signed an agreement with the
communities of the Intag region, which support the Company® proposed exploration
activitiesin the area. Under this agreement, the Company will continue funding social
development and environmental programs in the area contingent upon it being able to
commence exploration of the Junin concessions. For the last two years, the Company
has maintained active social and environmental programs within the communities.
These include, among others, providing much needed medical and dental facilities
and personnel, working with the communities in improving the educational system
including teacher training and scholarships, providing training on farming techniques,
vaccinating cattle, supporting soccer camps, providing trash collection and disposal,
maintaining and building roads, and developing nurseries (with over 40,000 plants) to
support reforestation of areas deforested by slash-and-burn agricultural methods.
According to Mr. Davis, commenting on these programs, "It is clear that the local
residents appreciate our efforts and the employment opportunities we bring to the
area. It is the people that ultimately are the losers if the NGOs are successful in
delaying exploration and possible mining in the region.”

"We believe that we are doing the right things on the ground and do not understand
the ongoing attacks, both in actuality and in the media, on our Company by groups
who have little or no stake in the area. We will not ignore the will of the local people
and are prepared to do our work in the most environmentally and socially responsible
manner. We have offered to talk to these extremist groups about our plans, but they
don®seem to be interested in finding any real or sustainable solutions,” adds Davis.

In spite of these problems at Junin, the Company® drilling progress continues on the
Chaucha project. A LongYear L-38 drill has been obtained and moved on to site.
Drilling of the first hole of a 5,000 meter drilling program (10 to 16 holes) has
commenced and is currently at approximately 100 meters.

Ascendant® principal business is the exploration for copper in Ecuador. The
Company has two primary properties, the Junin and Chaucha properties, as well as an
extensive exploration data base developed for Ecuador by Rio Tinto Mining and
Exploration Limited and the recently acquired Telimbela copper/molybdenum grass
roots exploration property in an historical mining district in south-central Ecuador.
The Junin Project, located in northern Ecuador, is a copper-molybdenum, gold and
silver porphyry property with a reported inferred mineral resource of 982 million
tonnes grading 0.89% copper, 0.04% molybdenum and 1.9 grams per ton of silver, at
a 0.4% copper cut-off grade (1). The Company has recently partnered with
Antofagasta PLC for the exploration and advancement of the Company® Chaucha
copper-molybdenum property in southern Ecuador (2). Results from the current
drilling program on the Chaucha property will be reported as they become available.
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Appendix 9.2:

Vortex parametersfor Scenarios 1-6

Table 9.1 Parametersfor Scenarios 1-6

Scenario name Baseline | Scenario2 | Scenario3 | Scenario 4-6
Number of iterations 1000 1000 1000 1000
Number of years 100 100 100 100
Extinction definition Onlylsex | Only1sex |Onlylsex | Only1sex
remains remains remains remains
Number of populations 1 1 1 1
Inbreeding depression Yes Yes Yes Yes
L ethal equivalents 12 12 12 12
% due to recessive lethals | 50 50 50 50
EV concordance of Yes Yes Yes Yes
reproduction and survival
EV correlation among n/a n/a n/a n/a
populations
Number of catastrophes | O 0 0 0
Dispersal n/a n/a n/a n/a
Reproductive system Mono- Mono- Mono- Mono-
gamous gamous gamous gamous
Age of 1% offspring for | 7 7 7 7
Age of 1% offspringfor | 7 7 7 7
Max. age of reproduction | 24 24 24 24
Max. number of 1 1 1 1
progeny/year
Sex ratio at birth- % 50 50 50 50
males
Density dependent n/a n/a n/a n/a
reproduction
% adult  breeding 33 33 25 33
EV in % breeding 10 10 5 10
Mortality age 0-1 33 33 36.3 33
SD in 0-1 mortality due | 3 3 3.3 3
to EV
Mortality age 1-2 1 1 1.1 1
SD in 1-2 mortality due | 2.8 2.8 3.08 2.8
to EV
Mortality age 2-3 1 1 1.1 1
SD in 2-3 mortality due |1 1 11 1
to EV
Mortality age 3-4 3 3 3.3 3
SD in 3-4 mortality due | 3.6 3.6 3.96 3.6
to EV
Mortality age 4-5 1 1 1.1 1
SD in 4-5 mortality due | 1 1 11 1
to EV
Mortality age 5-6 1 1 1.1 1
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SD in 5-6 mortality due | 1 1 11 1
to EV

Mortality age 6-7 1 1 11 1
SD in 6-7 mortality due | 1 1 11 1
to EV

Mortality age >7 3 3 3.3 3
SD in>7 mortality dueto | 3 3 3.3 3
EV

Mortality age 0-1 33 33 36.3 33
SD in 0-1 mortality due | 3 3 3.3 3
to EV

Mortality age 1-2 5.6 5.6 6.16 5.6
SD in 1-2 mortality due | 2.8 2.8 3.08 2.8
to EV

Mortality age 2-3 11.8 11.8 12.98 11.8
SD in 2-3 mortality due | 5.9 59 6.49 59
to EV

Mortality age 3-4 1 1 11 1
SD in 3-4 mortality due | 1 1 11 1
to EV

Mortality age 4-5 1 1 11 1
SD in4-5 mortality due |1 1 11 1
to EV

Mortality age 5-6 1 1 1.1 1
SD in 5-6 mortality due |1 1 11 1
to EV

Mortality age 6-7 1 1 1.1 1
SD in 6-7 mortality due | 1 1 11 1
to EV

Mortality age > 7 3 3 3.3 3
SD in>7 mortality dueto | 3 3 3.3 3
EV
% in breeding pool 100 100 100 100
Stable age distribution Yes Yes Yes Yes
Initial population size 250 214 250 250
Carrying capacity 250 214 214 500
SD inK dueto EV ? ? ? ?
Future change in K n/a n/a n/a n/a
Over how many years? n/a n/a n/a n/a
% annual increase or n/a n/a n/a n/a
decrease
Popul ation harvested Yes Yes Yes Yes
1% year of harvest 1 1 1 1
Last year of harvest 100 100 100 100
Interval between harvests | 1 1 1 1

Age 1 harvested 0 0 0 0

Age 2 harvested 0 0 0 0

Age 3 harvested 0 0 0 0

Age 4 harvested 0 0 0 0
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Age 5 harvested 0 0 0 0

Age 6 harvested 0 0 0 0

Age adult harvested 5 5 5 Scenario 4
=5
Scenario
5=3
Scenario 6
=1

Age 1 harvested 0 0 0 0

Age 2 harvested 0 0 0 0

Age 3 harvested 0 0 0 0

Age 4 harvested 0 0 0 0

Age 5 harvested 0 0 0 0

Age 6 harvested 0 0 0 0

Age adult 5 5 5 Scenario 4
=5
Scenario 5
=2
Scenario 6
=0

Suppl ementation n/a n/a n/a n/a
Genetic management n/a n/a n/a n/a
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Appendix 9.3

Vortex parameter s of sensitivity testing: data that could be manipulated was

increased and decreased by 10%, 25% and 50%

Table 9.2 Parametersfor sensitivity testing

Scenario names Baseline by by by by by by
value 10% 10% [25% |25% | 50% | 50%

Lethal Equivalents | 12 13.2 10.8 15 9 18 6
% dueto recessive | 50 55 45 62.5 375 75 25
lethals
Sex ratio at birth- | 50 55 45 62.5 375 75 25
% males
% adult 33 36.3 29.7 4125 | 2475 |495 |165
breeding
EV in % breeding | 10 11 9 7.5 12.5 15 5

Mortality age 0- | 33 36.3 2997 | 4125 | 2475 |495 |165
1
SDin0-1 3 3.3 2.97 3.75 2.25 4.5 1.5
mortality due to
EV

Mortdity age1- |1 1.1 0.9 1.25 |075 |15 |05
2
SDin 1-2 2.8 3.08 2.52 35 2.1 4.2 14
mortality dueto
EV

Mortality age2- | 1 1.1 0.9 125 075 |15 |05
3
SDin 2-3 1 11 0.9 1.25 0.75 15 0.5
mortality due to
EV

Mortality age3- | 3 3.3 2.97 3.75 2.25 4.5 1.5
4
SDin3-4 3.6 3.96 3.24 4.5 2.7 5.4 1.8
mortality due to
EV

Mortdity age4- |1 1.1 0.9 125 |075 |15 |05
5
SDin4-5 1 11 0.9 1.25 0.75 15 0.5
mortality due to
EV

Mortality age5- | 1 1.1 0.9 125 075 |15 |05
6
SDin5-6 1 11 0.9 1.25 0.75 15 0.5
mortality due to
EV

Mortality age6- | 1 11 0.9 1.25 0.75 15 05
I
SD in6-7 1 1.1 0.9 1.25 0.75 15 05

mortality due to
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EV

Mortality age>7 | 3 3.3 2.97 3.75 2.25 4.5 15
SD in >7 mortality | 3 3.3 297 3.75 2.25 4.5 15
dueto EV

Mortality age 0- | 33 36.3 |29.97 [4125 [2475 |495 |[165
1
SDin0-1 3 3.3 297 3.75 2.25 4.5 15
mortality due to
EV

Mortality age 1- | 5.6 6.16 5.04 7 4.2 8.4 2.8
2
SDin1-2 2.8 3.08 2.52 35 2.1 4.2 14
mortality due to
EV

Mortality age2- | 11.8 1298 | 1062 |14.75 |8.85 177 |59
3
SDin 2-3 59 6.49 531 7.38 4.43 885 |295
mortality dueto
EVO

Mortality age3- | 1 11 0.9 1.25 0.75 15 0.5
4
SDin3-4 1 11 0.9 1.25 0.75 15 0.5
mortality due to
EV

Mortality age4- | 1 1.1 0.9 1.25 0.75 15 05
5
SDin4-5 1 1.1 0.9 1.25 0.75 15 05
mortality due to
EV

Mortality age5- |1 11 0.9 1.25 0.75 15 05
6
SD in 5-6 1 11 0.9 1.25 0.75 15 05
mortality dueto
EV

Mortdity age6- | 1 1.1 0.9 125 [075 [15 |05
7
SD in 6-7 1 11 0.9 1.25 0.75 15 0.5
mortality due to
EV

Mortality age> | 3 3.3 2.97 3.75 2.25 4.5 15
7
SD in>7 mortality | 3 3.3 2.97 3.75 2.25 4.5 15
dueto EV
Population Yes Yes Yes Yes Yes Yes |Yes
harvested?

harvestage1-6 | O 0 0 0 0 0 0

harvest adult 5 55 4.5 6.25 3.75 7.5 25

harvestage1-6 | O 0 0 0 0 0 0

harvest adult 5 55 4,5 6.25 3.75 2.5 25
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Appendix 9.4

Vortex outputsfor Scenarios 1-6
Table 9.3. Results of Scenarios 1-6

Mean Mean Fina Expected Observed Heterozygosity
Growth Population for Heterozygosity
Rate (r) Successful Cases
Scenariol | -0.0866 21.50 0.8824 0.9875
(0.0491 SE, 0.0695 (0.0125 SE, 0.0177 SD)
SD)
Scenario2 | -0.1125 n/a n/a n/a
Scenario3 | -0.1612 n/a n/a n/a
Scenario4 | 222.85 -0.828 0.9579 0.9849
(0.103 SE (0.0021 SE
0.537 SD) 0.0111 SD)
Scenario5 | -0.032 360.32 0.9776 0.9867
(OO006SE, (0.0004 SE,
0.0161 SD) 0.101 SD)
Scenario6 | 0.0184 484.98 0.9847 0.9898
(0.0001 SE, (0.0002 SE,
0.0018 SD) 0.0049 SD)

Fig. 9.4a Graph showing 1000 iterations of Scenario 1




Fig. 9.4b Graph showing 1000 iterations of Scenario 2

Fig. 9.4c Graph showing 1000 iterations of Scenario 3
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Fig. 9.4d Graph showing 1000 iterations of Scenario 4

Fig. 9.4e Graph showing 1000 iterations of Scenario 5
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Fig. 9.4f Graph showing 1000 iterations of Scenario 6
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Appendix 9.5

Results of Sensitivity Analysisfor the lethal equivalents

Table 9.4. Results of the lethal equivalents ST:

ST | Probability | Mean Mean Mean Expected Observed
of timeto growth | final Heterozygosity Heterozygosity
Extinction | Extinction | rate (r) | population

(yrs) for
successful
cases
by | 0.999 4412 -0.0924 | 7 0.9082 1.000
10% (SE0.0 (SE0.0
SD 0.0) SD 0.0)
by | 0.997 44.68 -0.0907 | 72 0.9397 0.9607
10% (0.0225 SE; (0.0242 SE;
0.0390 SD) 0.0419 SD)
by | 1.0 44.08 -0.093 | n/a n/a n/a
25%
by | 0.999 44.49 -0.0924 | 89 0.9623 1.0
25% (SE0.0 (SE0.0
SD 0.0) SD 0.0)
by |1 44.65 -0.093 | n/a n/a n/a
50%
by | 0.998 45.02 -0.0912 | 20.5 0.9026 0.9000
50% (0.0626 SE; (0.1000 SE;
0.0886 SD) 0.1414 SD)

Fig. 9.5a. Graph showing 1000 iterations of ST for thelethal equivalentsincreased by

10 %

88




Fig. 9.5b. Graph showing 100 iterations of ST for the lethal equivalentsincreased by
10 %

Fig. 9.5c. Graph showing 1000 iterations of ST for thelethal equivalents decreased by
10%
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Fig. 9.5d. Graph showing 100 iterations of ST for the lethal equivalents decreased by
10 %

Fig. 9.5e. Graph showing 1000 iterations of ST for the lethal equivalentsincreased by
25 %
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Fig. 9.5f. Graph showing 100 iterations of ST for thelethal equivalentsincreased by
25%

Fig. 9.5g. Graph showing 1000 iterations of ST for the lethal equivalents decreased by
25 %
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Fig. 9.5h. Graph showing 100 iterations of ST for the lethal equivalents decreased by
25%

Fig. 9.5i. Graph showing 1000 iterations of ST for the lethal equivalentsincreased by
50 %

92



Fig. 9.5]. Graph showing 100 iterations of ST for thelethal equivalentsincreased by
50 %

Fig. 9.5k. Graph showing 1000 iterations of ST for the lethal equivalents decreased by
50 %
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Fig. 9.51. Graph showing 100 iterations of ST for the lethal equivalents decreased by
50 %
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Appendix 9.6

Results of the Sensitivity Analysis of the sex ratio

Table 9.5. Results of the sex ratio ST

ST | Probability | Meantime | Mean Mean final Expected Observed
of to growth | population for | Heterozygosity | Heterozygosity
Extinction Extinction rate(r) | successful
(yrs) cases
by | 1.0 34.48 -0.1193 | n/a n/a n/a
10%
by | 0.97 55.66 -0.053 105.3 0.9597 0.9859
10% (0.0032 SE; (0.0022 SE;
0.0175 SD) 0.0120 SD)
by | 1.0 24.7 -0.1256 | n/a n/a n/a
25%
by | 0.999 43.99 -0.0368 | 49 0.9669 1.0
25% (SE0.0 (SE0.0
SD 0.0) SD 0.0)
by | 1.0 15.22 -0.1214 | n/a n/a n/a
50%
by | 1.0 18.62 -0.0561 | n/a n/‘a n/a
50%

Fig. 9.6a. Graph showing 1000 iterations of ST for the sex ratio increased by 10 %
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Fig. 9.6b. Graph showing 100 iterations of ST for sex ratio increased by 10 %

Fig. 9.6¢c. Graph showing 1000 iterations of ST for sex ratio decreased by 10 %
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Fig. 9.6d Graph showing 100 iterations of ST for sex ratio decreased by 10 %

Fig. 9.6e. Graph showing 1000 iterations of ST for sex ratio increased by 25 %
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Fig. 9.6f. Graph showing 100 iterations of ST for sex ratio increased by 25 %

Fig. 9.6g. Graph showing 1000 iterations of ST for sex ratio decreased by 25 %
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Fig. 9.6h. Graph showing 100 iterations of ST for sex ratio decreased by 25 %

Fig. 9.6i. Graph showing 1000 iterations of ST for sex ratio increased by 50 %
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Fig. 9.6j. Graph showing 100 iterations of ST for sex ratio increased by 50 %

Fig. 9.6k. Graph showing 1000 iterations of ST for sex ratio decreased by 50 %
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Fig. 9.6l. Graph showing 100 iterations of ST for sex ratio decreased by 50 %
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Appendix 9.7

Results of the Sensitivity Analysisfor therates of harvest

Table 9.6. Results of therates of harvest ST

Probability | Meantime | Mean Mean final Expected Observed
of to growth | population Heterozygosity | Heterozygosity
Extinction Extinction rate (r) | for successful
(yrs) cases
by | 1.0 32.95 -0.1218 | n/a n/a n/a
10%
by | 0.997 45.13 -0.087 19.33 0.9348(0.0023 SE| 0.9833 (0.0167
10% 0.0039 SD) SE; 0.0289 SD)
by | 1.0 33.13 -0.1222 | n/a n/a n/a
25%
by | 0.934 63.25 -0.0561 | 96.20 0.9528 (0.0035 | 0.9736 (0.0039
25% SE; 0.0284 SD) | SE; 0.0317 SD)
by | 1.0 22.66 -0.1826 | n/a n/a n/a
50%
by | 0.391 78.91 -0.0197 | 131.33 0.9604 (0.0011 | 0.9807 (0.0008
50% SE; 0.0272 SD) | SE; 0.0208 SD)

Fig. 9.7a. Graph showing 1000 iterations of ST for rates of harvest increased by 10 %
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Fig. 9.7b. Graph showing 100 iterations of ST for rates of harvest increased by 10 %

Fig. 9.7c. Graph showing 1000 iterations of ST for rates of harvest decreased by 10 %
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Fig. 9.7d. Graph showing 100 iterations of ST for rates of harvest decreased by 10 %

Fig. 9.7e. Graph showing 1000 iterations of ST for rates of harvest increased by 25 %
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Fig. 9.7f. Graph showing 100 iterations of ST for rates of harvest increased by 25 %

Fig. 9.7g. Graph showing 1000 iterations of ST for rates of harvest decreased by 25 %
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Fig. 9.7h. Graph showing 100 iterations of ST for rates of harvest decreased by 25 %

Fig. 9.7i. Graph showing 1000 iterations of ST for rates of harvest increased by 50 %
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Fig. 9.7j. Graph showing 100 iterations of ST for rates of harvest increased by 50 %

Fig. 9.7k. Graph showing 1000 iterations of ST for rates of harvest decreased by 50 %
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Fig. 9.71. Graph showing 100 iterations of ST for rates of harvest decreased by 50 %

108



Appendix 9.8

Resultsof ST for percentage of females breeding

Table 9.7. Results of the Per centage of adult females breeding ST

ST Probability Mean time | Mean Mean Expected Observed
of to growth | final Heterozygosity | Heterozygosity
Extinction Extinction | rate(r) | population

(yrs) for
successful
cases
by | 0.984 53.97 -0.0731 | 90 0.9532 0.9766
10% (SE 0.0048, (SE 0.008
SD 0.0193 SD 0.0319)
by | 1.0 37.61 -0.1098 | n/a n/a n/a
10%
by | 0.741 69.07 -0.0387 | 130.14 0.9555 0.9789 (
25% (0.0022 SE; 0.0012 SE;
0.0346 SD) 0.0193 SD)
by |10 30.21 -0.1381 | n/a n/a n/a
25%
by | 0.1190 79.97 0.0045 | 206.32 0.9673 ( 0.9784 ( 0.0006 SE;
50% 0.0006 SE; 0.0164 SD)
0.0185 SD)
by |10 22.99 -0.1863 | n/a n/a n/a
50%

Fig. 9.8a. Graph showing 1000 iterations of ST for percentage of females breeding
increased by 10 %
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Fig, 9.8b. Graph showing 100 iterations of ST for percentage of females breeding
increased by 10 %

Fig 9.8c Graph showing 1000 iterations of ST for percentage of females breeding
decreased by 10 %
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Fig 9.8d Graph showing 100 iterations of ST for percentage of females breeding
decreased by 10 %

Fig. 9.8e Graph showing 1000 iterations of ST for percentage of females breeding
increased by 25 %
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Fig 9.8f Graph showing 100 iterations of ST for percentage of females breeding
increased by 25 %

Fig 9.89 Graph showing 1000 iterations of ST for percentage of females breeding
decreased by 25 %
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Fig 9.8h Graph showing 1000 iterations of ST for percentage of females breeding
decreased by 25 %

Fig. 9.8i Graph showing 1000 iterations of ST for percentage of females breeding
increased by 50 %
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Fig. 9.8] Graph showing 100 iterations of ST for percentage of females breeding
increased by 50 %

Fig. 9.8k Graph showing 1000 iterations of ST for percentage of females breeding
decreased by 50 %
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Fig. 9.8 Graph showing 100 iterations of ST for percentage of females breeding
increased by 50 %
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Appendix 9.9

Results of Sensitivity Analysisfor therates of mortality

Table 9.8. Results of the rates of mortality ST:

ST Probability Mean time | Mean Mean Expected Observed
of Extinction | to growth | final Heterozygosity Heterozygosity
Extinction | rate(r) | population
(yrs) for
successful
cases
by | 1.0 38.37 -0.1038 | n/a n/a n/a
10%
by | 0.984 50.15 0.0771 | 46.94 0.9362 (0.0129 0.9774(0.0056 SE;
10% SE; 0.0515 SD) | 0.0223 SD)
by | 1.0 32.01 -0.124 n/a n/a n/a
25%
by | 0.792 68.03 -0.0424 | 128 0.9584 (0.0023 0.9795 (0.0016 SE;
25% SE; 0.0331SD) | 0.0230 SD)
by | 1.0 26.07 -0.157 n/a n/a n/a
50%
by | 0.086 80.85 0.0049 | 212.71 0.9713 (0.0002 0.9811 (
50% SE; 0.0057 SD) | 0.0003 SE;
0.0105 SD)

Fig. 9.9a. Graph showing 1000 iterations of ST for percentage of females breeding
increased by 10 %
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Fig. 9.9b. Graph showing 100 iterations of ST for percentage of females breeding
increased by 10 %

Fig. 9.9c. Graph showing 1000 iterations of ST for rates of mortality decreased by 10
%
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Fig. 9.9d. Graph showing 100 iterations of ST for rates of mortality decreased by 10 %

Fig. 9.9e. Graph showing 1000 iterations of ST for rates of mortality increased by 25 %
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Fig. 9.9f. Graph showing 100 iterations of ST for rates of mortality increased by 25 %

Fig. 9.99. Graph showing 1000 iterations of ST for rates of mortality decreased by 25 %
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Fig. 9.9h. Graph showing 100 iterations of ST for rates of mortality decreased by 25 %

Fig. 9.9i. Graph showing 1000 iterations of ST for rates of mortality increased by 50 %
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Fig. 9.9j. Graph showing 100 iterations of ST for rates of mortality increased by 50 %

Fig. 9.9k. Graph showing 1000 iterations of ST for rates of mortality decreased by 50
%
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Fig. 9.9 Graph showing 100 iterations of ST for rates of mortality decreased by 50 %
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