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ABSTRACT
Mining appears to represent an important threat to conserva-

tion efforts in Madagascar. Expanding mining activities on the 

island have the potential to provide revenue for development 

and conservation efforts, but also pose a potential threat to 

conservation efforts on the island due to the spatial distribu-

tion and extent of mining concessions and the environmental 

impacts that mines often cause. By measuring the extent of 

overlap of permitted mining concessions with protected areas, 

potential protected areas, and mining - exclusion zones on the 

island, we assessed potential effects of mining on terrestrial 

conservation and evaluated the success of the governing insti-

tutions in limiting that impact. Permitted mining areas in 2006 

overlapped with protected areas, potential protected areas, and 

mining - exclusion zones on the island. Mining concession areas 

overlapped with 33 % of surface area planned for protection in 

2005, 21 % of surface area planned for protection in 2006, and 

12 % of the surface area from which mining was to be legally 

excluded. Total permitted area and area of overlap with conser-

vation areas increased between 2005 and 2006 despite efforts 

in 2004 to limit such overlap. Changes in the mining permitting 

and regulation could improve prospects for limiting the impact 

of mining on biodiversity conservation on the island.

INTRODUCTION
Mining has the potential to provide less industrially - developed 

countries (LDCs) with revenue that could promote development 

and reduce poverty, but expanded mining reforms are often 

unsuccessful in improving development indicators or national 

economic performance and lead to numerous harmful socio-

economic and environmental impacts (Miranda et al. 2003; 

Bridge 2004a; Davis and Tilton 2005; Haselip and Hilson 2005).

Madagascar faces potential conflicts between conserva-

tion and mining management. Since 2003, the government’s 

Durban Vision effort has sought to triple the surface area of 

protected areas in order to protect six million ha of terres-

trial and marine areas (Norris 2006) on this threatened island 

biodiversity hotspot (Myers et al. 2000). The Government of 

Madagascar and international financial institutions (IFIs), in the 

past decade, have also sought to promote a liberalized mining 

sector (Duffy 2005, 2007; Sarrasin 2006). New laws liberalizing, 

promoting, and regulating mining on the island were enacted in 

1999 - 2001, 2003, and 2005 (Rép. Mad. 1999, 2000a, 2001, 2003a, 

2005; Colored Stone 2005; Weldon 2005; Sarrasin 2006) and 

these policy changes have led to an increase in mine permitting 

and activity on the island (Cope 2002; Rép. Mad. 2003b; Bridge 

2004b; Mining Journal 2004). Noted effects of existing mining 

efforts have included socio - economic and health impacts of 

uranium mining during the mid - 20th century (Hecht 2002), socio -

economic and environmental impacts of gem mining rushes 

around Ambondromifehy / Ankarana and Ilakaka / Isalo (Walsh 

2003, 2004; Cardiff and Befourouack 2003; Duffy 2005, 2007), 

and environmental impacts of certain industrial graphite and 

chromite mining operations (Rép. Mad. 2003b; Felena 2006).

The new mining regulations gave some consideration to 

environmental impacts of mining. The current mining policy 

requires that mining entities conduct environmental studies 

and plans according to the types of mining activity and permit 

requested (Table 1; Duffy 2007). The Ministère de l’Energie et des 

Mines (MEM) can also declare certain zones as reserved in order 

to protect conservation sites, sites with fossils, or other sites 

decided by the MEM (Rép. Mad. 1999, 2000a). Due to perceived 

problems with the mine permitting process (Rép. Mad. 2003b), 

permit granting in various conservation areas was even formally 

halted beginning in 2004 and extended through 2008 in order to 

designate mining - exclusion or “no - go” zones (Rép. Mad. 2004; 

Borrini - Feyerabend and Dudley 2005; Norris 2006; Duffy 2007; Rép. 

Mad. 2007). The mine - forests commission (Comité / Commission 

Interministériel des Mines et des Forêts), officially decreed in 

2004, also began to work to resolve and prevent overlap of mining 

permits with conservation zones (Rép. Mad. 2007).

Although others have noted overlap of potential mining 

areas with areas of importance to conservation on the island 

(Rép. Mad. 2003b; Duffy 2005, 2007; F. Hawkins personal commu-

nication), a recent quantitative evaluation of the spatial inter-

section of actual permitted concessions with a complete set of 

types of conservation areas over time remains lacking.

We sought to conduct such an analysis and determine 

current evidence of conflict between mining and conservation 

objectives in Madagascar by evaluating spatial coincidence of 
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areas with the various mining permits issued by MEM (Table 1) 

and current and potential protected areas and mining - exclusion 

(“no - go”) zones. We also assessed temporal change in poten-

tial conflict between conservation and mining objectives, and 

examined how new temporarily protected areas corresponded 

with previous protection plans.

METHODS
To establish the locations of mining permits, we acquired the 

database of mining permits of 9 June 2006 from the Bureau du 

Cadastre Minier de Madagascar (BCMM) of the Ministère de 

l’Energie et des Mines of the Government of Madagascar. We 

also obtained that database from 3 May 2005 and the database 

of mining - excluded grid squares (2.5 x 2.5 km “carrés”) from 3 

May 2005 from ANGAP (Association Nationale pour la Gestion 

des Aires Protégées / Parcs Nationaux de Madagascar).

We used several different geographic coverages to represent 

areas of conservation importance on the island. We obtained 

a geographic database consisting of the locations of protected 

areas established prior to 2005 and new protected areas that 

were to have been created in 2005 and 2006 and projected 

to be created in 2007 - 2008 in accordance with the planned 

Système d’Aires Protégées de Madagascar (SAPM; Durban Vision 

unpublished data). The 2007 - 2008 zones represented remaining 

forest that could potentially become protected area rather than 

distinct planned protected areas; many of these areas may have 

become degraded since the original categorization of the forest 

lands. We also examined classified forests (forêts classées) and 

forest reserves (réserves forestières) managed by the Ministère 

de l’Environnement, des Eaux et Forêts. Some of these latter 

forest areas, some SAPM areas, and some mining - exclusion 

areas coincided with one another. We also used a geographic 

database containing spatial information on new, temporarily 

protected areas established in 2005 - 2006 to compare with 

previous SAPM protection plans.

We measured the extent of overlap of areas with mining 

permits with areas of potential conservation importance using 

ArcGIS 8.3 (ESRI, Redlands, California). We approximated a 

Laborde projection using a standard Hotine Oblique Merca-

tor projection for all shapefiles. Intersected area measured 

was the area in common between mining grid squares and 

conservation area and assumed the shape of the intersec-

tion regardless of grid square boundary shape. We measured 

overlap of permitted mining grid squares from 2006 with SAPM 

areas, with classified forests and forest reserves, and with 

mining - exclusion areas listed in 2005. To better understand 

the potential impacts of permitting practices, we also analyzed 

characteristics of permits (type of permit, permitted substance, 

permit dates, and types of overlapped mining exclusion zones) 

granted for overlapped conservation areas. Some permits did 

not have starting permit dates in the databases; 3 % of permit-

ted grid squares in 2005 and, after filling in missing dates where 

possible from matching permits from the 2005 database, 8 % 

of permitted grid squares in 2006 did not have starting permit 

dates. We also included in our analyses permits, representing 

5 % of the permitted grid squares listed in 2006, that ought to 

have expired within a year prior to the database date because 

their continued presence in the database may have implica-

tions for mining activity in the field.

Possible differences in digitizing practices or projections 

between agencies represented a minor potential source of error 

in the analysis. As an indication of the small magnitude of this 

error, however, discrepancy between grid square surface areas 

for overlapping permitted grid squares listed in 2005 with those 

of 2006 and permitted grid squares from 2006 with overlapping 

exclusion zone grid squares averaged only 0.02 % (± 0.001 % SE) 

and 0.02 % (± 0.004 % SE) per grid square for those respective 

comparisons. For our analyses we also assumed that official 

boundaries in spatial databases for SAPM areas were accurate, 

but official limits for some existing protected areas may also 

have differed from border markers and acknowledged limits 

on the ground (e.g., Cardiff and Befourouack in press), and so 

overlap of permitted mining zones with current SAPM areas in 

the field may differ slightly from what we measured.

In order to evaluate the pace of mining activity on the 

island and the change in its relevance to conservation efforts, 

we measured the change in number of grid squares with mining 

permits between our permit lists from 2005 and 2006, the 

NAME OF PERMIT TYPE

(ABBREVIATION)

SPATIAL EXTENT

ALLOWED

MAXIMUM

DURATION

PROSPECTING

ALLOWED?

RESEARCH

ALLOWED?

EXTRACTION

ALLOWED?

TECHNOLOGY

ALLOWED

ENVIRONMENTAL

PLANS REQUIRED

SALE OF SUBSTAN-

CES ALLOWED?

Authorisation Exclusive
de Réservation de
Périmètre (AERP)

2,400
grid squares

3 mo yes no no undefined none
PEE; EIE1

no

Permis Réservé aux
petits Exploitants (PRE)

16
grid squares
(4 per block)

8 yrs
+ 4 yrs
extensions

yes yes yes manual PEE; EIE1 yes

Permis de Recherche (R) 1,600
grid squares

10 yrs
+ 5 yrs
extensions

yes yes no mechanized PEE; EIE2 no

Permis d‘Exploitation (E) 160
grid squares

40 yrs
+ 20 yrs
extensions

yes yes yes mechanized EIE yes

TABLE 1. Regulatory characteristics of mining permits in Madagascar (Rép. Mad. 2000b; BPGRM 2002). Exploitation permits may allow for the most intensive 
environmental impacts, but their spatial extent is more limited than that of research permits. Plans d‘Engagement Environnementales (PEE) represent less 
stringent environmental impact planning than Etudes d‘Impactes Environnementales (EIE). New regulations are expected to change grid square size and 
other conditions in 2007.

1 Regulations require PRE permits to file EIE if in areas with high concentrations of miners (>20 within 500m radius)
2Regulations require R permits to file EIE if in sensitive areas, if demanded by a prior PEE, or if being transformed to an E permit
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number of grid squares granted new permits in several consecu-

tive years, and the change in area of overlap with all pre - 2007 

existing and planned SAPM areas over several years. Finally, we 

measured the proportion of the total mining concession surface 

area that overlapped with SAPM zones, and measured surface 

area of the total remaining new and potential SAPM area that  

remained free of mining permits.

RESULTS
Mining areas with permits in 2006 overlapped with several 

categories of protected, potentially protected, forested, and 

mining - exclusion zones (Figure 1; Table 2). Greatest area of 

overlap occurred with mining - exclusion zones, and greatest 

proportional overlap occurred with 2005 SAPM areas (Table 2).

The greatest surface area of overlap for all 2006 - listed 

permitted grid squares with SAPM 2005 - 6 zones occurred in 

the North (Makira and Daraina), the Southwest (Mikea) and the 

center - east (Ranomafana-Andringitra; Table 3). Less overlap of 

mining concessions occurred with a few pre - 2005 protected 

areas (Table 3). Overall area of overlap of mining concessions 

of all permit types with SAPM 2005 - 6 areas increased between 

2005 and 2006; overlap of small exploitation (PRE) and exploita-

tion (E) permits with those SAPM areas increased between 2003 

and 2005 before decreasing (Table 3). Between 16 and 67 % of 

the 2006 - listed grid squares that overlapped with SAPM areas 

of different years started after the decree stopping permitting 

in conservation zones from mid - October 2004 (Table 2). Gold 

or ilmenite featured as the most commonly permitted primary 

substance for several categories of conservation areas (Table 

2). Most of the permitted surface area overlapping with SAPM 

areas was under research permits (R; Table 2). Surface area 

of overlap of mining concessions with the combined SAPM 

areas represented only 6 % of the total area in the country with 

2006 - listed mining permits.

Most of the mining - exclusion zone surface area with over-

lapping 2006 - listed permits was also under research permits (R; 

Table 2). Approximately half of that overlapped area consisted 

of zones that were excluded because they were conservation 

sites (Table 4), and these overlapped conservation exclusion 

zones represented 16.8 % of all conservation exclusion zones 

by surface area (Table 2). A total of 68 % of mining - excluded 

conservation site surface area with mining permits coincided 

spatially with SAPM areas from 2005 to 2008. Most of the 

permitted yet officially mining - excluded grid squares with 

starting dates had starting dates after the date of the permit 

halt decree of 2004 (Table 2).

Surface area with mining permits increased between May 

2005 and June 2006, with 12,735 grid squares having permits in 

both years, 1,813 grid squares losing permits between 2005 and 

2006, and 15,417 grid squares receiving new permits. The major-

ity of the newly permitted grid squares between May 2005 and 

June 2006 were AERP permits. Ignoring AERP permits, the total 

number of permitted mining grid squares also increased between 

2000 - 2002 and 2003, and between 2003 and 2004 (Figure 2).

The sum of the surface area of pre - 2005 protected areas 

added to the area of 2005 - 2008 planned, potentially protected 

areas that did not also have mining permits was 7.4 million ha.

Although time lags and differences in size and shape 

occurred, all planned 2005 SAPM protected areas received 

temporary protection by 2007 (Figure 3; Table 3). Most planned 

FIGURE 1. Map illustrating overlap of mining permits on list from 09 June 
2006 with all areas of conservation importance that we assessed. The map 
shows permit overlap with forêts classées and réserves forestières only 
where overlap does not also correspond with permit overlap with SAPM 
areas. We did not illustrate the overlap of permits with exclusions zones 
other than conservation exclusion zones (see Table 4) and did not illustrate 
the post - 2004 SAPM areas that have received temporary protection. 
Overlap with pre - 2005 SAPM areas is enlarged for visibility.

FIGURE 2. Number of mining grid squares granted small exploitation (PRE), 
research (R), and exploitation (E) permits in 2000-2003 (Mining Journal, 
2004), 2004 (based on permit dates from list of May 2005), 2005, and June 
2006 (latter two based on permit dates from list of June 2006). Counts for 
2004 and 2005 may not include some permits that were obtained during 
those years but expired before the date of the database that we used to 
generate the count. Proportions of the permitted grid squares also lacked 
start dates in the 2005 (0.05 %) and 2006 (12 %) databases. Total = PRE + R + E.
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TABLE 2. Mining permits listed in June 2006 overlapped with all types of categories of areas of conservation importance examined. Permits for all overlapped 
areas had expiration dates ranging until at least 2039 and substances sought included gold for almost all categories. SAPM = Système d’Aires Protégées de 
Madagascar. Percentage of permits since decree represents the percentage of mining grid squares with starting dates occurring after the date of application 
of the 2004 decree halting permitting in conservation exclusion zones.

OVERLAPPING 
PERMIT CHARAC-
TERISTIC

PRE-2005 SAPM 
AREAS

2005 SAPM 
ADDITIONS

2006 SAPM 
ADDITIONS

2007-8 SAPM 
ADDITIONS

FORÊTS 
CLASSÉES

RÉSERVES 
FORESTIÈRES

MINING EXCLU-
SION ZONES (AND 
CONSERVTION SITE 
EXCLUSION ONLY)

surface area (ha)
by permit type

AERP

PRE

R

E

total

0

294

546

92

932

7,397

41,527

450,080

7,789

506,794

47,681

38,515

252,739

5,609

344,544

3,639

12,880

203,799

5,385

225,704

5,270

8,190

41,789

8,240

63,489

14,532

23,566

193,382

1,379

232,858

137,446

213,035

1,992,797

83,868

2,427,146

percentage of
total area for
category

0.05 32.6 20.9 6.3 2.7 23.0 12.1 (16.8)

median starting
date

2005 2003 2003 2003 2004 2004 2004 (2004)

median expiration
dates

2015 2014 2011 2014 2014 2013 2014 (2014)

starting dates
range

1995 - 2006 1 1991 - 2006 2 1991 - 2006 1992 - 2006 1935 - 2006 1994 - 2006 1913 - 2006
(1992 - 2006)

expiration dates
range

66.7 34.3 2006 - 2041 2006 - 2044 2006 - 2043 2006 - 2041 2005 - 2046
(2006 - 2046)

percentage of
permits since
decree

2011 - 2039 2006 - 2043 41.1 16.3 29.8 52.6 52.5 (60.7)

minerals with
greatest permited
area, % of area

gold-diamond,
58

gold-other,
65

ilmenite-other,
40

corundum-other, 34
ilmenite-other, 28
gold-other, 19

gold-other, 36
copper-other, 24

corundum-other, 57
gold-other, 27

gold-other, 36
(gold-other 31)

1 A permit for mica mining in Andohahela Parcelle III dated from 1965
2 A permit for mica mining in the Atsimo area dated from 1965

SAPM YEAR NAME OF AREA SURFACE AREA 
(HA) OVER-
LAPPED BY PRE 
AND E PERMITS 
IN 2003

SURFACE AREA 
(HA) OVER-
LAPPED BY PRE 
AND E PERMITS 
IN 2005

SURFACE AREA 
(HA) OVER-
LAPPED BY PRE 
AND E PERMITS 
IN 2006

SURFACE AREA 
(HA) OVER-
LAPPED BY ALL 
PERMITS  
IN 2005

SURFACE AREA 
(HA) OVER-
LAPPED BY 
ALL PERMITS 
IN 2006

PROPORTION 
OF SAPM AREA 
OVERLAPPED 
BY PERMITS 
IN 2006

YEAR TEM-
PORARY 
PROTEC-
TION 
GRANTED

pre-2005

2005

2006

TOTAL

Andohahela (parcelle 3)
Anjanaharibe-Sud
Mantadia
Vohibasia
Anjozorobe2

Atsimo2,3

Daraina2,3

Makira2

Zahamena - Mantadia2,3

Alaotra2

Andavakoera
Farafangana
Ibity
Itremo
Mahavavy - Kinkony2

Mikea
Ranomafana-Andringitra2,3

0
< 1,250 1

< 1,250 1

0 
0
6,875 4

12,500 4

10,000 4

11,250 4

1,250 4

0
0
< 3,750 1

44,375
0
0 5

5,000

97,500 1

28
238
64
0
26
22,725
15,114
1,666
25,841
1,031
0
0
4,566
31,685
0
0
10,163

113,147

28
277
64
17
26
16,636
13,850
0
18,804
887
251
0
6,473
26,327
0
0
10,186

93,826

28
238
64
0
26
95,196
177,358
182,142
50,867
1,031
0
19,679
5,092
38,755
13,863
151,088
107,638

843,065

28
823
64
17
26
99,108
183,240
187,569
36,851
887
721
24,862
9,200
83,072
2,492
115,665
107,644

852,270

8.5
2.6
0.6
0.1
0.1
28.0
70.3
51.5
6.9
2.0
5.4
21.6
70.2
23.6
2.0
22.0
55.6

2005
2006
2005
2005
2005
2006

2006

2006

TABLE 3. Change in surface area between 2003 and 2006 of overlap of zones with mining permits with different SAPM (Système d’Aires Protégées de 
Madagascar) areas. Recorded 2003 overlap (Rép. Mad. 2003b) only represented exploitation (E) and small exploitation (PRE) permits. We did not include 
planned 2007-8 SAPM areas in this analysis.

1 overestimate because individual mining grid squares only partially overlapped with SAPM areas; 2 corresponding temporarily protected area differed in 
shape and surface area (smaller or larger) from this original SAPM listing; 3 corresponding temporarily protected area(s) differed in name(s) from this original 
SAPM name listing; 4 counted grid squares as per SAPM 2005 delimitation not as per map in Rép. Mad. (2003b); 5 overlap mentioned in text but not shown 
(possibly R or AERP permit overlap)
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2006 SAPM protected areas, however, had yet to receive tempo-

rary protection by 2007 (Figure 3; Table 3).

DISCUSSION
The area of overlap of actual mining concessions with areas 

that were listed as mining - exclusion zones and current and 

potential SAPM protected areas suggests that current regula-

tion of the mining industry in Madagascar may be insufficient 

to conserve areas with important biodiversity. This appears to 

validate concerns that institutional changes associated with 

mining liberalization and structural adjustment may prevent 

the government from properly managing an expanding mining 

industry (Rép. Mad. 2003b; Ramamonjisoa 2004; Sarrasin 2006; 

Duffy 2007). Mining interests in Madagascar may displace or 

alter planned conservation efforts as they have in countries 

such as Australia (Pouliquen - Young 1997), Guyana (Funk et al. 

1999), and French Guiana (Thiollay 2002).

OTHER EXPLANATIONS? The difference in database

dates for the permit list (2006) and the exclusion zone list 

(2005) might have influenced measured overlap with exclusion 

zones. The overlap could actually have reflected a reduction 

in the list of exclusion - zone areas between those years, as 

suggested by the title of an ordinance from 2005 (Rép. Mad. 

2007), or the unrecorded suspension of mining permits once 

new exclusion zones were put in place. Examination of a printed 

map of the Daraina region from BCMM from June 2006, however, 

confirmed the presence of official overlap between exclusion 

sites and permitted mining grid squares (SGC unpublished data). 

Most of the overlapped exclusion zones were also excluded 

for conservation reasons and the overlap may be of conserva-

tion importance even if the exclusion were removed. Many of 

the overlapping permits were also granted in 2006 and were 

therefore too recent to have been unofficially suspended by the 

institution of the exclusion zones from 2005.

CONSERVATION COMPATIBILITY? The approval of

temporary or permanent protection for several SAPM 

areas with mining overlap in recent years, the larger size than 

originally planned for some of those areas, and the subsequent 

decrease in permits in some of those areas might suggest that 

resolution of potential conflicts favors conservation outcomes. 

Indeed, the mines - forests interministerial commission is 

intended to prevent conflict between conservation and mining 

interests and has generally facilitated limiting mining permits 

on new temporarily - protected areas (J. MacKinnon personal 

communication), but old permits remained on several of those 

new temporarily - protected areas and permits granted since 

temporary protection appeared to overlap slightly with those 

areas at Anjozorobe and Ankeniheny Zahamena (SGC unpub-

lished data). Remaining potential SAPM surface area without 

mining permits was theoretically sufficient to cover the goals 

of the Durban Vision. Many forest areas considered potential 

SAPM areas, however, may have become degraded since the 

drafting of the initial SAPM plans that were based on earlier 

forest cover information, and further mine permitting may 

threaten remaining forest area.

CAUSES FOR CONCERN Several observations indicate

that current mining plans and conservation goals  

may not be compatible:

• Mining permits overlapped with all categories of 

conservation areas and covered up to 33 % of the 

surface area of a given conservation category.

• Permit - granting appeared to have continued in 

mining - exclusion zones and SAPM areas in spite of 

government efforts to halt such overlap in 2004 and 

2006 (Rép. Mad. 2004, 2007).

• The duration of permits granted in areas of conserva-

tion concern and the potential high value of the gold 

to be extracted suggest that granting those permits 

may not have been a temporary mistake.

FIGURE 3. Geographic correspondence between planned SAPM protected 
areas for 2005 - 2006 and areas actually temporarily protected in 2005 - 2006. 
Temporary protection zones differed in size and shape from SAPM plans for 
2005 and 2006, and most planned 2006 areas, which had extensive mining 
permit overlap, remained unprotected by early 2007. Names and mining 
permit overlap proportions of planned areas are in Table 3.

CATEGORY OF 
EXCLUSION ZONE

SUB-CATEGORY OF 
EXCLUSION ZONE

OVERLAP 
SURFACE AREA 
(HA)

PERCENTAGE 
OF TOTAL OVER-
LAPPED EXCLU-
SION ZONES 
REPRESENTED 
BY EXCLUSION 
SUB-CATEGORY 
(%)

Forêts classées
Parcs nationaux
Zones Fossiliferes
Zones réservées

Zones Tampon

Forêts classées
Parcs nationaux
Zones Fossiliferes
Site de conser-
vation
Zone d‘étude
géologique
OMNIS
„ASS_OR“
„Zones réservées“
„Z_QMM“
Zones Tampon

70,519
1,874

230,054
1,222,603

695,765

136,288
70,519
31,270
22,473

5,005

2.8
0.1
9.3

49.2

28.0

5.5
2.8
1.3
0.9
0.2

TABLE 4. Conservation sites (Site de conservation) were the mining exclu-
sion zone sub - category with the greatest surface area of overlap by mine 
permits listed in June 2006, but overlap occurred for other sub - categories 
as well.
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• The number of grid squares with permits also tended 

to increase since 2002 and the number of non - AERP 

permits granted in the first half of 2006 also suggests an 

increasing rate of permitting. Overlap of mining conces-

sions with SAPM areas appears to have increased at 

least between 2003 and 2005 as well. Although many 

of the overlapping permits are research permits that 

may lead to less intensive but more extensive impacts, 

small (PRE) and large (E) exploitation permits also over-

lapped frequently with conservation areas.

• The temporary protection granted to some new SAPM 

areas may expire prior to granting of permanent 

protection (USAID unpublished report) and the exten-

sion of the ban on permitting in the exclusion zones 

will expire in 2008 (Rép. Mad. 2007).

• Some new temporarily - protected areas are smaller 

than originally planned, and five of the areas that were 

originally scheduled to receive protection in 2006, and 

that had overlapping mining permits, had yet to receive 

even temporary protection.

• Granting of exploitation permits may exclude conser-

vation efforts in potential SAPM 2007 - 8 areas where 

conservation plans are not sufficiently advanced to 

establish temporary protection. Additional work ought to 

examine how potential competition for certain areas by 

conservation and mining interests may have influenced 

temporal and spatial distribution of granting of official 

SAPM protection and granting of mining permits.

• The “governance state,” consisting of a combination of 

the authority of the state, IFIs, development agencies, 

private corporations, and NGOs (Duffy 2006), has failed 

to adequately manage and limit impacts of existing 

artisanal mining efforts, which can accompany or 

follow large - scale mining (Hilson 2002), at several loca-

tions in Madagascar over the past decade (Walsh 2003; 

Rép. Mad. 2003b; Cardiff and Befourouack 2003; Duffy 

2005, 2007). We did not assess the impact of small-

scale artisanal mining but this sector may expand in 

conjunction with the expansion of the overall mining 

sector and have significant conservation impacts.

• We did not consider overlap with protected area buffer 

zones or locally - protected areas in our analysis, but 

such overlap could threaten conservation around and 

within those areas.

• Freshwater aquatic biodiversity on the island may 

suffer from mining activities given that Madagascar is 

classified as a country that is very highly vulnerable 

and predisposed to water quality problems from mining 

and that water pollution and over - use are common 

consequences of mining (Miranda et al. 2003).

• The expanding off - shore and on - shore petroleum extrac-

tion industry in Madagascar (Yager 2004) will most likely 

affect Malagasy marine and terrestrial conservation.

CONCLUSIONS
Mining in Madagascar may have the potential to provide revenue 

for projects that support conservation and development goals. 

Mining in degraded savannah may have relatively limited nega-

tive impact on biodiversity conservation on the island, although 

such mines could still cause local socio - economic problems, 

adversely affect soil and water conservation and quality, and 

contribute to larger economic processes with additional severe 

global environmental impacts such as climate change (Bridge 

2004a). Given the large proportion of mining - permitted area that 

was outside of areas of conservation importance (94 % outside 

of SAPM planned areas), restricting mining to areas away from 

forested conservation zones seems feasible even if many mineral 

resources occur below remaining forested areas. Restriction of 

mining to savannah would help prevent fragmentation of areas 

that can still contribute to the goals of the Durban Vision and 

biodiversity conservation and would help protect the availability 

of forest products for people who depend on them.

Management of the mining industry as of July 2006, 

however, appears to provide inadequate protection to forested 

areas and terrestrial areas of conservation concern on the 

island. Reversing permitting and expanding and enforcing a ban 

on mine permitting in areas of conservation importance would 

most likely improve prospects for biodiversity conservation on 

the island. Increased direct foreign aid for sustainable develop-

ment such as health and education programs could potentially 

provide desired development outcomes without the negative 

environmental and socioeconomic impacts likely to accompany 

mining sector expansion.
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