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Abstract
Floristic inventories of tropical forest after 20 years of artisanal gold mining practices in Nyungwe
National Park, Rwanda, were undertaken to understand the effect of this mining on forest composition
and diversity. All selected sites had suffered severe mining impacts by 1993. Three plots of 0.05 ha were
surveyed in each of four locations (Karamba, Rugazi, Akabaguri, and Mugote), and all trees >10 cm DBH
were censused. We found a total of 215 individual trees of 23 species and 18 families. The most common
and dominant species was Hagenia abyssinica (Rosaceae), while the most frequent was Dichaetanthera
corymbosa (Melastomataceae). In order of importance, Dichaetanthera corymbosa, Anthocleista grandiflora,
Maesa lanceolata, Chionanthus africanus and Afrocrania volkensii were the indicator species in Karamba;
Dichaetanthera corymbosa, Syzygium guineense, Hagenia abyssinica, and Anthocleista grandiflora were the indicator species in Rugazi; and Hagenia abyssinica was the indicator species in Akabaguri and the sole species
found in Mugote (fire recovery site). The mixing ratio of the mining recovery sites range from 0.19 to
0.21, suggesting the regeneration of heterogeneous ecosystems.

Introduction
Mining is a well-known destructive practice within
many forests around the world (Dudka & Adriano
1995). Trees are cleared, topsoils and organic litter
removed, and water streams are modified (Cooke &
Johnson 2002). Such disturbances have an impact
on nutrient cycling processes and forest regrowth
(Congdon et al. 1993). Legal mines are obliged to
comply with environmental commitments, and often set up a plan to achieve a desired and approved
state of restoration. The ultimate long-term objective is that mined sites return to the state of premined forest, with the presence of all plant species
at the same frequency and density as before (Koch
2007). However, attempted restoration of mined
sites in Brazil and Australia have shown contrary re*

sults in returning these sites’ ecosystems back to a
pre-mining state. Some studies indicate successful
forest regeneration already advanced through secondary succession (Rodrigues et. al 2004), while
others show that rehabilitated sites are not becoming more similar to the unmined forest over time
(Norman et al. 2006). Understanding the factors
that aid or inhibit successful restoration is a key
question in determining the long-term effects of
mining and other destructive impacts on forests.
In 2014, Rwanda was considered the 19th most
densely populated country in the world, averaging 460 inhabitants per km2 (World Bank, 2016).
This is no exception in Nyungwe National Park,
where family farms located within or near the National Park’s buffer zone average less than 1 hectare
in size, and over 90% of the population engage
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in subsistence farming (Mazosera et al. 2006).
To supplement this livelihood, local communities
historically have used the forest to generate additional income through gold mining, wood cutting, hunting, and honey collection. Even though
Nyungwe has had some form of protection since
it was established as a forest reserve in 1933, accumulated deforestation between 1958 and 1979 was
estimated at 15% (Weber 1989). Further, in 1993
an estimated 2,528 artisanal miners were living and
working within 16,000 ha of Nyungwe (Fimbel
& Kristensen, 1994). To mediate this threat to
the National Park’s continued conservation, Fimbel & Kristensen (1994) proposed establishing policies that would permit miners to continue their operations within already impacted areas but limit
their spread into highly biodiverse zones. Since
then, strong enforcement after the genocide, the
establishment of Nyungwe as a National Park in
2004, and constant efforts by conservation organizations (such as the Wildlife Conservation Society
and the Rwanda Development Board) have led to
implement controls that support the complete ban
on mining, hunting, and extraction of other forest
products within the Park. Enforcement registers indicate that from 2006 to 2010 there were at least 227
poachers arrested (Mulindahabi et al. 2011).
Tourism has co-evolved with conservation, alleviating some of the impact generated by illegal activities within Nyungwe. From 2001 to 2014, the
number of tourist visits increased from 5,965 to
67,871, an average of 18% per year (Rudasingwa
2014). However, despite the associated increase in
income from tourists (in 2014, Nyungwe’s tourism
revenues increased by 37%), this revenue source
amounts to only 2% of the estimated $16.8 million
of total revenue generated by Rwanda’s National
Parks system. Most revenue comes from gorilla
trekking in Volcanoes National Park, accounting
for 94% in 2014. Revenue streams in Nyungwe include trail walks (27%), primates visits (29%), and
canopy walks (38%) (Rudasingwa 2014). A system
of revenue sharing among all Parks has been set up,
where 5% of all revenues are directed to community

projects bordering the parks. These revenues are
apportioned 40% to communities located near Volcanoes National Park and 30% each to Akagera and
Nyungwe National Parks. Despite this effort, illegal activities still occur within Nyungwe National
Park and nearby communities still rely on forest resources or extractive mining to sustain their livelihoods.
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Fig. 1. Map of Rwanda, showing Nyungwe Na-

tional Park.
Artisanal gold mining continues, but the limited area generates poor returns and it is viable
only for subsistence purposes. Mining began in
1935, with records reporting as many as 12,000 miners between 1972 and 1985 (Fimbel & Kristensen
1994). Miners use alluvial techniques, deforesting
sites close to watersheds, burning them to later extract the sediments from the soil. Sifting is common to separate the gold and is considered a safer
and less environmentally harmful technique than
using mercury, a practice still common in the Peruvian Amazon (Ashe 2012). However, negative
correlations between signs of gold mining and ungulate populations (Plumptre et al. 2002) suggest
that miner’s intensive hunting practices have been
highly detrimental for the forest (Weber 1989). At
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present, illegal miners tend to work fast and move
to new remote areas, instead of setting up camps in
previously established sites.
Mined forest in Nyungwe, Rwanda, has been
left undisturbed for the past 20 years, and no
restoration activities other than non-human natural interactions have taken place. To date, no study
has documented the ecological recovery of mined
areas within Nyungwe and there is little understanding of the environmental impacts of this activity and how the forest responds to such stress. This
paper examines the regeneration of areas mined in
1994 to determine the speed and trajectory of forest
recovery and asks whether mined forest is likely to
return to its previous state.
Methods
Study Site
Nyungwe National Park is Rwanda’s largest standing forest at 970 km2 . It is located in the southwest (latitude 2°15’ and 2°55’S, longitude 29°00’
and 29°30’E) and extends along mountainous areas that range from 1600 to 2950 meters above sea
level (Weber 1989, Masozera et al. 2006, Fig. 1).
Data from 1988–1993 suggests average annual rainfall of 1,744 mm, fluctuating considerably between
July–August (dry season) and other seasons. Temperatures are typical for a tropical region, with
daily variation greater than annual variation (average minimum temperature = 10.9°C, and average
maximum temperature = 19.6°C; Sun et al. 1996).
Nyungwe National Park is highly biodiverse, with
86 recorded species of mammals, 280 birds, 43
reptiles, 33 amphibians, 1105 plants (ferns, herbs,
climbers and shrubs) and 230 trees; both represent
137 out of 551 endemic species found in the Albertine Rift (Plumptre et al. 2007). Thirteen species
of primates have been recorded within Nyungwe,
including chimpanzees, owl-faced guenons and Angolan black and white colobus monkeys in groups
of 300+ individuals (Fimbel et al. 2001, Plumptre
et al. 2002)
The selection of study sites was based on sites
10 Volume 35, 2016

classified as suffering severe mining impacts by
1993, and accessibility to the areas. Information
on the sites was based on the mining census elaborated by Fimbel and Kristensen (1994). Specific locations (Appendix A) within the sites were
randomly determined once the affected areas were
clearly identified. Local park rangers validated the
fact that these areas have not been mined in approximately 20 years.
Floristic Inventory
The vegetation and floristics of the previously
mined forest sites were assessed with a series of 20
x 25 m (0.05 ha) tree plots within which all trees
>10 cm diameter at breast height (DBH, 1.3m) were
recorded and identified (Synnot 1979). Each tree
was measured for DBH, height (electronic altimeter), and projected canopy area. All trees were identified to species. Plots were established at three
sites: Karamba (4 plots, 0.2 ha total), Rugazi (4
plots, 0.2 ha total), and Akabaguri (3 plots, 0.15 ha
total) (Appendix A). Plots were randomly located
within each mined site if the shape allowed.
In addition, we measured one plot (0.05 ha)
near Mugote, an area burned by an uncontrolled
fire in the 1990s, with the purpose of comparing
the ecological recovery of mining and fire sites. Finally, a new recently found illegal mining site was
visited near Bweyeye, found by local park rangers
around May 15th 2015. They claimed that miners
must have been there about two weeks before. The
objective of this visit was to visualize the direct immediate effects of mining on the land, with the purpose of having a better understanding of the areas
studied almost 20 years after.
Data analysis
For each plot, we calculated the Importance Value
Index (IVI, Equation 1) for each species. This statistic is a summation index that encompasses relative
density plus relative frequency plus relative dominance for each species, with a value of 300 as the
total for all species within a site (Curtis and McIn-
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tosh 1951). This index allows the comparison of the
ecological weight of each species within its ecosystem. Similar IVI’s for indicator species in different
plots suggest similar forest composition, structure,
and dynamics (Lamprecht 1990). Indicator species
are those that form the top 150 IVI.
IV I = RA + RF + RD
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where ni = number of trees of species i and N
= total number of trees of all species;
relative frequency:
(3)

where Fi = absolute frequency of species i and
Ft = the total number of absolute frequencies;
and relative dominance:
RD = (Gi /Gt ) ∗ 100

(4)

where Gi = total basal area of all the trees of
species i and Gt = total basal area of all the trees of
all species.
Finally, we calculated the mixing ratio, an indicator that measures the degree of homogeneity or
heterogeneity within the forest (Lamprecht 1990,
CM):
CM = S/N

(5)

where S = the total number of species within
the sample and N = the total number of trees within
the sample.
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Fig. 2. The location of sites in Nyungwe National

Park, Rwanda.
Results
Within the twelve 0.05 ha plots, we found a total of
215 individual trees >10 cm DBH in 23 species and
18 families. Density in each plot ranged from 7 to
24 trees (mean = 18, SD = 6). DBH ranged from 10
to 65 cm (mean over all trees = 17.1, SD = 8.5; mean
per plot = 17.5 cm, SD = 3.4).
The species richness of each site varied considerably. Karamba was the richest with 16 species,
followed by Rugazi (14 species), Akabaguri (9) and
Mugote (1). Karamba and Rugazi had the same
tree density (75) over the same number of plots.
The most common species over all individuals on
the three mining sites was Hagenia abyssinica with
42 trees, despite its absence in Karamba. The next
most common was Dichaetanthera corymbosa with
32 trees. Eighteen species had less than 10 individuals and six species were present as single individuTropical Resources Bulletin 11
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Table 1. Indicator species for each site (those summing to at least an IVI of 150. Full details of each site are

given in the Appendix.
Species
Karamba
Dichaetanthera corymbosa
Anthocleista grandiflora
Maesa lanceolata
Chionanthus africanus
Afrocrania volkensii
Rugazi
Dichaetanthera corymbosa
Syzygium guineense
Hagenia abyssinica
Anthocleista grandiflora
Akabaguri
Hagenia abyssinica

Abund.

Rel. Abund.

Freq.

Rel. Freq.

Dom.

Rel. Dom.

IVI

16
7
9
8
5

21.33
9.33
12
10.67
6.67

4
4
3
3
3

11.76
11.76
8.82
8.82
8.82

0.4747
0.2116
0.0892
0.1092
0.1723

24.51
10.92
4.61
5.64
8.9

57.61
32.02
25.43
25.13
24.39

15
5
11
14

20
6.67
14.67
18.67

4
3
4
2

12.12
9.09
12.12
6.06

0.4255
0.6376
0.2333
0.1693

21.11
31.64
11.58
8.4

53.24
47.4
38.36
33.13

31

68.89

3

23.08

1.4743

77.63

169.59

als.
The species frequency was best represented
by Dichaetanthera corymbosa and Anthocleista grandiflora in Karamba, Dichaetanthera corymbosa,
Macaranga kilimandscharica and Hagenia abyssinica
in Rugazi, and Polyscias fulva and Hagenia abyssinica
in Akabaguri. The most frequent species on these
sites was Dichaetanthera corymbosa, present on 82%
of the mined plots. The next most frequent was
Polyscias fulva with 73% presence. Seven species
were found in only one plot.
Overall dominance was greatest for Hagenia
abyssinica with 29% of relative dominance among
the mining plots. The next most dominant
species was Dichaetanthera corymbosa with 16%.
The species dominance was best represented by
Dichaetanthera corymbosa in Karamba, Syzygium
guineense and Dichaetanthera corymbosa in Rugazi,
and Hagenia abyssinica in Akabaguri.
In order of importance, Dichaetanthera corymbosa, Anthocleista grandiflora, Maesa lanceolata, Chionanthus africanus and Afrocrania volkensii were the
indicator species in Karamba, Dichaetanthera corymbosa, Syzygium guineense, Hagenia abyssinica and
12 Volume 35, 2016

Anthocleista grandiflora were the indicator species
in Rugazi, and Hagenia abyssinica is the indicator
species in Akabaguri (Table 1).
All the sites are fairly similar when discussing
the mixing ratio, ranging from 0.19 to 0.21 (Table 2).
Discussion
In eleven 0.05 ha tree plots in previously mined
forest sites in tropical forest in Nyungwe National
Park, Rwanda, we documented 195 trees >10 cm
DBH in 23 species. Two species were dominant
in terms of abundance (Hagenia abyssinica and
Dichaetanthera corymbosa), two were dominant in
terms of frequency (Dichaetanthera corymbosa and
Polyscias fulva), and two in terms of basal area
(Hagenia abyssinica and Dichaetanthera corymbosa).
These data presents some of the first information
on forest regeneration following gold-mining in
tropical Africa.
Species diversity of 20-year old mined forest
There are over 100 species of large trees (>30 cm
DBH) in Nyungwe National Park (Plumptre et al.
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2002). However, more than half of the individual trees come from only five species: Syzygium
guineense, Macaranga kilimandscharica, Carapa grandiflora, Strombosia scheffleri, and Hagenia abyssinica
(Fashing et al. 2007). Of these, only Strombosia
scheffleri was absent from our census. Out of the
top 20 species of large trees, 10 were also registered
in this study (Plumptre et al. 2002).
Tropical forests tend to have a high number of
species per area, usually showing a mixing ratio of
at least 0.2 (Malleux 1987). This claim suggests
that these sites are recovering in a way that promotes a heterogeneous ecosystem.
Table 2. Mixing ratio (number of species / number

of individuals) of each site.
Site
Karamba
Rugazi
Akabaguri

Mixing Ratio
0.21
0.19
0.20

Important and indicator species in mined forest
Indicator species (those in the top 150 IVI) were
similar across the sites, with Dichaetanthera corymbosa and Anthocleista grandiflora present at both
Karamba and Rugazi. Both sites had similar species
richness (16 and 14 species) and stem density (75
trees >10 cm DBH). In contrast, Akabaguri had one
indicator species, Hagenia abyssinica. This species
was also an indicator species for Rugazi and was
the sole species found within the Mugote plot, in
the fire-recovered area close to the Congo Nile
Trail (Appendix B). Other studies have suggested
that it is a fire-tolerant pioneer species (Finch and
Marchant 2011, Lange et al. 1997, Greenway 1973;
White 1983; Lovett et al. 2006). This native species
also has the ability to produce leaf litter that decomposes quickly, adding nutrients to disturbed soils
(Assefa and Glatzel 2010). Despite these properties, its use as a construction material, firewood,
medicine and livestock fodder in other parts of
Africa, such as Ethiopia, has led to decreasing popu-

lations (Tegegne and Mekonnen 2007; Assefa and
Glatzel 2010).
Dichaetanthera corymbosa, Anthocleista glandiflora and Maesa lanceolata have been identified
respectively in Congo, Equatorial Guinea and
Nyungwe as signs of secondary succession after periods of human disturbance in the form of shifting and semi-permanent cultivation, i.e., cacao (Yamada 1999; Zafra Calvo 2008; Graham, Moermond et al. 1995).
Conclusion
The ecological recovery of these mining sites shows
promising results for the future. Natural regeneration is taking place with native species that are
able to adapt to extreme conditions after being
mined. This is a slow process, but the indicators suggest that diverse pioneer species have already established themselves, and will allow the
forest to eventually recover through its natural dynamic process. To understand this better, further
long-term studies should be undertaken, including a re-assessment of these sites in the future,
and their comparison to young and mature forest
within Nyungwe using larger sample areas. If left
undisturbed by human activity, these forest sites
may well return to forest similar to the natural oldgrowth forest.
The objective of this preliminary study has
been to pursue an initial understanding of the
state of abandoned artisanal gold mining sites in
Nyungwe. With these results, showing slow but diverse natural recovery by pioneer species, we point
out that strongly positive outcomes have resulted
from the conservation efforts of Rwandan authorities and local actors. Further forest succession
would be expected with continued law enforcement
and development of alternative sources of livelihoods to reduce pressure to the forest.
Artisanal gold mining remains a threat, especially in more remote areas. The site observed near
Bweyeye (Appendix A) suggested a short-term stay
with intense labor, and the possibility that mining
Tropical Resources Bulletin 13
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and miners move readily between Rwanda and Burundi. Given the nature of subsistence of this activity, it is vital to understand the new sources of revenues of past miners, and promote economic development in a way that makes it more profitable for
them to pursue legal alternative activities. This will
have a significant contribution to the conservation
of Nyungwe National Park. It is therefore imperative to complement the current efforts successfully
undertaken through tourism to continue reducing
pressure towards the forest.
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Table 3. Importance Value Index calculations for all three sites.

Species
Karamba
Dichaetanthera corymbosa
Anthocleista grandiflora
Maesa lanceolata
Chionanthus africanus
Afrocrania volkensii
Sapium ellipticum
Polyscias fulva
Syzygium guineense
Bridelia brideliifolia
Ilex mitis
Harungana montana
Cleistanthus polystachyus
Macaranga kilimandscharica
Casearia runssorica
Carapa grandiflora
Hymenodictyon floribundum
TOTAL

Abund.

Rel. Abund.

Freq.

Rel. Freq.

Dom.

Rel. Dom.

IVI

16
7
9
8
5
7
2
3
5
3
3
3
1
1
1
1
75

21.33
9.33
12
10.67
6.67
9.33
2.67
4
6.67
4
4
4
1.33
1.33
1.33
1.33
100

4
4
3
3
3
3
2
2
2
2
1
1
1
1
1
1
34

11.76
11.76
8.82
8.82
8.82
8.82
5.88
5.88
5.88
5.88
2.94
2.94
2.94
2.94
2.94
2.94
100

0.4747
0.2116
0.0892
0.1092
0.1723
0.0812
0.2169
0.1807
0.0816
0.0701
0.1213
0.0784
0.0227
0.0113
0.0079
0.0079
1.937

24.51
10.92
4.61
5.64
8.9
4.19
11.2
9.33
4.21
3.62
6.26
4.05
1.17
0.58
0.41
0.41
100

57.61
32.02
25.43
25.13
24.39
22.35
19.75
19.21
16.76
13.5
13.2
10.99
5.45
4.86
4.68
4.68
300

Rugazi
Dichaetanthera corymbosa
Syzygium guineense
Hagenia abyssinica
Anthocleista grandiflora
Harungana montana
Maesa lanceolata
Macaranga kilimandscharica
Polyscias fulva
Tabernaemontana stapfiana
Bridelia brideliifolia
Ficalhoa laurifolia
Sapium ellipticum
Carapa grandiflora
Cassipourea gummiflua
TOTAL

15
5
11
14
8
6
5
3
2
2
1
1
1
1
75

20
6.67
14.67
18.67
10.67
8
6.67
4
2.67
2.67
1.33
1.33
1.33
1.33
100

4
3
4
2
3
3
4
3
2
1
1
1
1
1
33

12.12
9.09
12.12
6.06
9.09
9.09
12.12
9.09
6.06
3.03
3.03
3.03
3.03
3.03
100

0.4255
0.6376
0.2333
0.1693
0.1272
0.0693
0.0655
0.0579
0.0906
0.0661
0.0434
0.0113
0.0095
0.0087
2.0152

21.11
31.64
11.58
8.4
6.31
3.44
3.25
2.87
4.5
3.28
2.15
0.56
0.47
0.43
100

53.24
47.4
38.36
33.13
26.07
20.53
22.04
15.96
13.22
8.98
6.52
4.92
4.84
4.8
300

Akabaguri
Hagenia abyssinica
Polyscias fulva
Albizia gummifera
Harungana montana
Bridelia brideliifolia
Dichaetanthera corymbosa
Mitragyna stipulosa
Ilex mitis
Neoboutonia macrocalyx
TOTAL

31
3
4
1
2
1
1
1
1
45

68.89
6.67
8.89
2.22
4.44
2.22
2.22
2.22
2.22
100

3
3
1
1
1
1
1
1
1
13

23.08
23.08
7.69
7.69
7.69
7.69
7.69
7.69
7.69
100

1.4743
0.0559
0.1104
0.1195
0.0267
0.0573
0.0314
0.0133
0.0104
1.8992

77.63
2.94
5.81
6.29
1.41
3.02
1.65
0.7
0.55
100

169.59
32.69
22.39
16.21
13.54
12.93
11.57
10.61
10.46
300

a) Karamba

b) Rugazi

c) Akabaguri

d) Mugote (fire recovery)

e) Bweyeye-Miyomo (active mining site)

Fig. 3. Photos showing typical forest from each inventory site.

