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Abstract 
 

 
Miombo woodlands in Africa are biomes dominated by species of the genera Brachystegia, 

Julbernardia and Isoberlinia. In Tanzania the woodlands provide the people with many 
important ecosystem goods and services, but due to the increasing pressure on these 

resources, miombo woodlands are rapidly being deforested and degraded. Butterflies 
(Lepidoptera) are very sensitive to changes in the environment and are strongly associated 

with vegetation structure and composition, which makes them very useful as indicators for 
different ecological studies. The method of using butterflies as indicators of forest disturbance 

was tested during two months in miombo woodlands in the Kilosa district outside Mikumi 
National Park, in the east-central part of Tanzania. Ten study sites with different degrees of 

disturbances were investigated, in each of which 4 transects of 100x10 metres were 
established. Butterflies were observed while walking along these transects, recording 

butterflies either on the wing or by using a net. Three butterfly traps of the bee-hive model 
baited with rotten banana were hung up along each transect to attract frugivorous species. 

Tree density and grass- and bush cover was estimated on each site. Butterflies were identified 
and divided into three groups (forest, grassland, and generalist) depending on their habitat. A 

total of 56 species were recorded, 15 of which, according to literature, were forest species, 15 
were grassland species, 18 were generalists, and 8 have unknown habitat preferences. When 

studying some of the most important indicator species, one of the areas show signs of being a 
less disturbed forest. In contrast to several previous studies with butterflies as indicators of 

environment disturbance, no significant differences in diversity or species richness could be 
found between different plots representing various degrees of disturbance. 
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Introduction 
 

 
Miombo woodlands are forest land dominated by species of the genera Brachystegia, 

Julbernardia and Isoberlinia. In Africa, miombo woodlands cover an area of about 2.7 
million km

2
, ranging from the south to the central and eastern parts of the continent. This 

biome makes up the most extensive formation of deciduous forest land in Africa (Backéus et 
al. 2006). According to Abdallah and Monela (2007), miombo woodlands constitute about 

90% of all forested areas in Tanzania. Miombo woodlands provide the people with a number 
of important ecosystem goods and services such as food, energy, medicines, fibres and 

construction material, and also contribute to climate regulations and to erosion and 
hydrological control. Due to the increasing pressure on these resources and to the lack of 

appropriate management, the miombo woodlands are rapidly being deforested and degraded 
(Abdallah and Monela. 2007). The main causes for this ongoing degradation are production of 

charcoal, fuel wood harvesting, extraction of construction material and conversion of forest to 
cultivated fields (Backéus et al. 2006).      

 
Butterflies (Lepidoptera) are very sensitive to disturbances, which makes habitat 

fragmentation, degradation and destruction of natural landscapes some of the most important 
causes for declines in butterfly assemblages (Uehara-Prado et al. 2007). Butterflies are also 

strongly associated with vegetation structure and composition, which makes them a suitable 
indicator taxon for various ecological studies (Lomov et al. 2006). Their sensitivity to 

environmental changes, their responsiveness to biodiversity patterns of other taxa, the 
comparatively well-known life history of butterflies, and the fact that they are relatively easy 

to observe, catch and identify, all together makes this order convenient for using in 
monitoring forest disturbances (Cleary. 2004). In many parts of the world, butterflies have 

been used in biodiversity monitoring-programmes with considerable success (Aduse-Poku, 
2006). The results of butterfly-inventories can work as warnings for unsustainable resource-

use, species disappearance and ecosystem disintegration, and a considerable number of 
studies have been made utilizing this method (Lomov et al. 2006). An example of this is a 

study made by Lomov et al. (2006), investigating if butterflies and moths are useful indicators 
for restoration monitoring in Australia. The study show a considerable increase in butterfly 

species richness in restored areas compared to the disturbed areas. In another study, Rogo and 
Odulaja (2001) compare butterfly populations in two forest fragments at the coast of Kenya. 

They suggest that the presence of non-forest savannah species in the interior of the forests 
implies that non-forest conditions exist inside these habitats, but they also show that despite 

the small sizes of the two forest fragments, they still maintain viable populations of true forest 
butterflies, which emphasize the importance of small habitat remnants in biodiversity 

conservation. Another investigation by Brown and Freitas (2000), considering Atlantic forest 

butterflies as indicators for landscape conservation in Brazil, shows that monitoring the 

diversity and continuity of butterfly groups will give early warnings for possibly irreversible 
landscape degeneration. A study conducted by Dumbrell and Hill (2005) discusses impacts of 

selective logging on canopy and ground assemblages of tropical forest butterflies. Their 
results show that when collecting data from both canopy and ground living butterflies, 

diversity is significantly lower in logged areas compared to primary forests. This difference 
was not observed when data were collected only from ground living butterflies, but 

comparisons between the assemblages of these ground living butterflies in the primary forest 
with those of the logged area indicate that the species of the primary forest have more 

restricted geographical ranges and are therefore of higher conservation value. Not so many 
studies of this kind have been carried out in Africa, and as far as I know, none have been 
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carried out in the biome of miombo woodlands. The present study aims at investigating if 

butterflies can be used as indicators of forest quality in miombo woodlands in Tanzania by 
comparing butterfly assemblages amongst day-flying butterflies in disturbed forest habitats 

with un-disturbed areas.  
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Material and method 
 

 

Study sites 

The study sites were located along a gradient heading north from the city of Mikumi (in 
reality rather a big village) passing the village of Ihombwe, in the Kilosa district in the east-

central part of Tanzania. The area consists of vegetation types that range from grassy shrub 
land, closest to the town Mikumi, to more or less dense miombo woodlands, near the village 

Ihombwe. The miombo woodlands are in general dominated by species of the genera 
Brachystegia, Julbernardia and Isoberlinia (Backéus et al. 2006). The elevation at the study 

site is around 600-700 m above sea level and the mean annual precipitation in the area is 1043 
mm (World Climate, 2008). The study was conducted during two months, between the15th of 

April and the15th of June 2008, reaching from the very end of the rainy season into the dry 
season. A more detailed description of each study site and a map over the area can be found in 

Appendices I and II. 
 

Data collection 

10 study sites were chosen representing areas of different degrees of disturbance of miombo 

woodlands. In each study site, 4 transects of 100x10 m were established; as far as possible in 
a North-South direction. These transects were directed with a compass, and the 100 metres 

were estimated by stepping them out (and were also controlled with a GPS). Along each 
transect, the cover of grass and bushes was estimated every five metres, and trees divided into 

two categories depending on their height (2-7 m, and >7m), were counted. The height of the 
grass and the crown coverage was also estimated, and dominating species were noted. Species 

of trees and bushes were recognized by first spending a couple of days in the field with a 
botanist from the herbarium in Dar es Salaam.  

 
Butterflies were sampled by walking along each transect and recording butterflies that 

appeared within 5 metres on either side of the track, above and in front of the observer, 
according to a method used by Posa and Sodhi (2006). Butterflies were recorded either on the 

wing or by using a net. Each transect was walked in a steady pace during 10-20 minutes on 
two different occasions. Three butterfly traps of the bee-hive type (Owen .F, 1971) were 

placed in the under-storey, 20 metres apart, along each transect. The traps were baited with 
overripe banana mixed with sugar to attract frugivorous species, and were operated during 3-5 

hours. One specimen of almost every species found was collected for identification and 
verification. Some butterflies, impossible to catch or identify on the wing, were photographed 

for later identification.  
 

Data analysis 

The specimens collected were identified using the works of Migdoll (1988) and Williams 

(1969) and were verified by G. Milbrink (personal communication). A total of 56 species (48 
identified to species level) and 1207 individuals were recorded (Appendix 1). The identified 

species were divided into three groups depending on their assumed preference of habitat, 
according to Williams (1969) and Migdoll (1988). 15 species were noted as confined to 

forests or woodlands; 15 species were confined to grassland, open country or bush land; and 
18 species were noted as generalists, i.e. species that range from open country into forests 

(Appendix II). 
 

Species diversity, evenness, total abundance and species richness were calculated. Species 
diversity and evenness were calculated using the Shannon-Wiener diversity index: 
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Diversity index: H = pi ln pi  
 

Evenness: E = H / log(S) 
 

where pi is the proportion of individuals of the ith species and S is the total number of species 
in the community. 

 
For each site, the density of trees was calculated as the number of individuals/ha. The density 

was calculated separately for trees estimated as 2-7 metres high, for trees higher than 7 
metres, and for all trees in total. To be able to conduct the statistical tests, the ten study sites 

were divided into 3 groups, depending on the density of trees higher then 7 metres (Table 1). 
Group 1 represents the sites interpreted as disturbed, group 2 represents the intermediate sites, 

and group 3 represents the areas least disturbed. A Kruskal-Wallis test was performed in 
Minitab 15 to detect any differences in the median of species richness and abundance (Table 

2).  



 7 

Results 
 

 
A total of 56 species and 1207 individuals were recorded, of which 15 were forest species, 15 

were grassland species, 18 were generalists, and 8 had unknown habitat requirements. A list 
of the species and their preferred habitats can be found in Appendices III and IV.  

 
When studying the figures below, the reader is advised to keep in mind that study site 1 

consists of open bush land, while sites 2-9 consists of relatively similar miombo forest of 
intermediate disturbance, and site 10 is situated closest to the forest reserve.  

 
Figs. 1 and 2 show the differences in abundance and species richness of butterflies confined to 

grassland, open country and bush land between the ten study sites. It is clear that study site 
number 10, which is considered to be the most undisturbed site, has the lowest abundance as 

well as richness of species that prefer an open habitat as opposed to forests, indicating that 
this area differs from the other areas. 
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Fig.1. Abundance of species confined to grassland, open country and bush land in sites 1-10. 
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Fig.2. Species richness of species confined to grassland, open country and bush land in sites 1-10. 
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Scaling down to smaller groups of species, Fig. 3 shows how the six species of the forest- 

dwelling genus Charaxes is distributed among the ten study sites. The abundance is markedly 
higher in site number 10. Fig. 4 shows the abundance of nine of the most commonly observed 

open land-butterfly species. Once again, site number 10 hosts the lowest abundance of these 
species. 
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Fig.3. Abundance of 6 species of the genus Charaxes. All species are indicators of forested areas. 
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Fig.4. Abundance of Hamanumida daedalus, Eurema brigitta and 7 species of Colotis. All species are indicators 

of open areas. 
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The species of butterflies were also studied separately, and the abundance of a chosen number 

of indicator species is presented in Figs. 5 to 11. The species Charaxes guderiana (Fig. 5), 
Charaxes bohemani (Fig. 6) and Crenodomimas concordia (Fig. 7) are all true forest 

butterflies, while Eurema brigitta (Fig. 8), Hamanumida daedalus (Fig. 9), Colotis evenina 

(Fig. 10) and Colotis evagore and C. pallene (Fig. 11) prefer open landscapes. 

 
 

Charaxes guderiana
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Fig.5. Abundance of the forest species Charaxes guderiana. 
 

 

Charaxes bohemani
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Fig.6. Abundance of the forest species Charaxes bohemani. 
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Crenodomimas concordia
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Fig.7. Abundance of the forest species Crenodomimas concordia. 

 

 

 

Eurema brigitta
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Fig.8. Abundance of the open land species Eurema brigitta. 

 

 

 

Hamanumida daedalus
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Fig.9. Abundance of the open land species Hamanumida daedalus. 
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Colotis evenina
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Fig.10. Abundance of the open land species Colotis evenina. 
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Fig.11. Abundance of the open land species Colotis evagore and species observed as either C. evagore or 

C. pallene. 

 

 
Table 1 shows by which class limits the sites were divided into groups. Fig. 12 shows the 

density of trees higher than 7 metres, and display the three groups marked by different 

colours. Sites 1, 5 and 6 belongs to group 1, sites 3, 4, 8 and 9 belongs to group 2, and sites 2, 

7 and 10 belongs to group 3. 
 

 
Table 1. Group divisions according to tree density. 

Group Class limits (density of trees higher than 7 metres.) 

1 0 50 

2 50 90 

3 90-140 

 

 



 12 

Density of trees >7m
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Fig.12. Density of trees higher than seven metres in sites 1-10. Group 1 consists of sites 1, 5 and 6, group 2 

consists of sites 3, 4, 8 and 9, and group 3 consists of sites 2, 7 and 10. 

 

 
The Kruskal-Wallis test shows no significant difference in medians between the three groups 

of sites, neither for species richness nor species abundance (Table 2). The abundance, species 
richness, evenness and the diversity index of the ten sites are presented in Table 3. The 

abundance and species richness of butterflies divided into categories of habitat are illustrated 
in Figs. 2 and 3. The Shannon-Wiener diversity index shows no significant difference in 

species diversity between the ten sites (Table 3).  
 

 
Table 2. Kruskal-Wallis test on species richness and abundance for the three groups of study sites. 

 

 

 
 

 
 

 
 

 
 

 

 
Table 3. Abundance, species richness, evenness and Shannon-Wiener diversity index in sites 1-10. 

Site 1 2 3 4 5 6 7 8 9 10 

Total abundance 85 152 129 100 84 172 116 159 138 72 

Species richness 15 26 21 19 19 22 23 18 24 16 

Evenness  0,79 0,79 0,87 0,80 0,84 0,75 0,79 0,85 0,80 0,84 

Shannon-Wiener Diversity Index  2,14 2,56 2,66 2,36 2,47 2,33 2,49 2,45 2,53 2,33 

 
 

 
 

 

 

 

Group N Median Average rank Z P 

Species richness      

1 9 7.00 17.80 0.95 0.50 

2 12 5.50 15.60 0.04  

3 9 6.00 13.10 -1.00  

Overall 30  15.50   

Abundance      

1 9 39.00 17.00 0.61 0.305 

2 12 33.00 17.20 0.87  

3 9 24.00 11.70 -1.54  

Overall 30  15.5   
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Discussion 
 

 
Composition of species 

The areas visited are all quite similar when it comes to total tree density and grass- and bush-
cover, and they have all been more or less affected by human activity. Study site number 1 

was an open bush land, which in this case represents the most disturbed area, while site 
number 10 was situated very close to a forest reserve and here represents a nearly undisturbed 

area. Starting off by looking at the figures over the abundance and species richness of 
butterflies confined to habitats of open landscapes (Figs. 1 and 2), it is clear that the most 

undisturbed area (site 10) has both the lowest abundance and species richness of these kind of 
butterflies. This could be a sign of the forest around site number 10 being of higher quality, 

hence, less disturbed. The abundance of grassland-species varies quite a bit between the sites, 
while the species richness is quite evenly distributed, with (in both cases) the exception of site 

10. Finding grassland species inside a forest indicates that non-forest conditions occur inside 
the forest, but the area could still be relatively undisturbed (Rogo and Odulaja. 2001). It is 

true that in all study areas, the grass cover was quite high, at least 60 %, which could be one 
explanation for the presence of these grassland butterflies in areas where the forest was 

actually relatively dense. It is not quite as easy to find a pattern for the forest-dwelling 
butterflies, as the abundance and species richness of these butterflies was quite evenly 

distributed over the ten study sites. Why species of forest butterflies appear in the open areas 
could perhaps be explained by the fact that some of the species present might not be that 

sensitive to trees being cut in their habitat, as long as a few large trees remain. Even the bush 
land area, site 1, has a relatively high abundance of forest butterflies, showing that some of 

these species visit open areas as well, perhaps to warm up in the sun. It must also be 
mentioned that the butterflies are categorized according to the works of Williams (1988) and 

Migdoll (1969), in which the description of the preferred habitat for each species is somewhat 
vague.  

 
If only looking at the forest species of the genus Charaxes (Fig. 3), which are among the fruit 

feeding butterflies, the picture is a little bit altered. The figure shows that they are most 
abundant in site nr 10, which again could indicate more true forest conditions. The abundance 

and species richness of the open landscape butterflies were also scaled down to nine of the 
most common species observed, namely; seven species of the subfamily Colotis, the species 

Eurema brigitta, and the species Hamanumida daedalus (Fig. 4). This figure shows a low 
abundance of these open landscape species in study site 10, which should mean that less or 

fewer open areas exist around this site. 
 

When scaling down even more, by studying the butterflies species by species, more 

information is revealed. One of the most typical canopy species, Charaxes guderiana, clearly 

has its highest abundance in site number 10 (Fig. 5). Although this species is present in all ten 
sites, the fact that its abundance is at least twice as high in site number 10 as compared to the 

other sites should indicate that this area is more favourable for this species. Perhaps it is the 
high density of large trees (Fig. 12) that favours Charaxes guderiana in this site. Another 

forest-species that is quite highly abundant in site number 10, as well as in site number 8 
(which is another area with quite high density of large trees), is Charaxes bohemani (Fig. 6). 

This butterfly is also found in quite many areas, it is only lacking completely in sites 1, 2 and 
7. One can wonder why Charaxes bohemani is lacking in area 7 and 2, where the tree density 

(Fig. 12) is just as high, or even higher, as in sites 8 and 10, where it was highly abundant. 
Since I found C.bohemani in the other sites geographically related to site number 2, it is 
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possible that this species in fact inhabited in this area, but that I simply missed it during 

sampling. Site number 7 was a little bit more distant from these other areas, so there could be 
other explanations to why it was not found there, e.g. lack of its host plant, or because site nr 

7 was a bit more fragmented as located in the corner of two crossing roads, and near a village. 
Its absence in site nr 1 should be logic since that area is an open bush land. The next forest-

species, Crenodomimas concordia (Fig. 7), also show tendencies of being confined to the 
areas where the density of large trees is relatively high, as it is found in sites 2, 8 and 10, all 

with quite high large-tree densities (Fig. 12). It might be difficult to say anything conclusive 
about the presence or absence of this species since it is found is such low numbers, but it 

could be the case that it indicates less disturbed forest environments in these sites.  
 

Eurema brigitta and Hamanumida daedalus are two species confined to grasslands. These 
species are found in quite high abundances in all ten sites (Figs. 8 and 9), but, in both cases, 

with the lowest number of individuals found in site number 10. Hamanumida daedalus is a 
distinct open country species which prefers patches of naked soil where it can take the sun 

and Eurema brigitta prefers open grasslands (G. Milbrink, personal communication). This 
could also be an indication of study site nr 10 having less non-forest conditions existing 

within it. Another grassland species, Colotis evenina, show the same tendencies as the two 
previous mentioned species, it is quite abundant in eight of the sites, but is lacking completely 

in site number 8 and 10 (Fig. 10). In site 8 we found signs of grazing, which perhaps could 
explain why Colotis evenina is lacking in this area, if its host plant simply no longer is 

abundant enough there because the grazing pressure is too high. Colotis evagore is a grassland 
species found in varying abundances in four of the study sites (Fig. 11). It has a high 

abundance in the open bush land (site 1) and in a site with intermediate tree density (site 3). 
This particular species was quite easily confused with the species Colotis pallene, and if the 

data of the observations when I was not sure if I had observed C.evagore or C.pallene is taken 
into account (the two species seem to prefer the same kind of habitat anyway), then it is also 

found in sites 5 and 6 (Fig. 11).  
 

 
Distribution of species 

Even though it is sometimes difficult to explain why a certain species is found in one place 
but not in another, when focusing on the composition of species, there still seem to be enough 

data pointing towards a less disturbed forest area in site number 10 to just be explained by 
chance. The presence or absence of a species can of course be a matter of different factors, 

e.g. the availability of the host plant, which actually seem to be able to differ even within a 

species, e.g. between the same species found in different countries. Also, many of the results 

of this study are based on whether the butterfly is confined to habitats of forest or open 
landscapes, and as mentioned before, the definition of a “forest-” or “grassland butterfly” 

becomes somewhat vague, as the literature used describe the habitat of a species with many 
words, sometimes making it difficult to decide whether the species prefers one of the habitats 

or in fact is a generalist. The studied areas also differed in ways that has not been taken into 
account here, and which could affect the species found in a certain site, e.g. the access to 
water, presence of ravines etc. The history of the human impacts on these sites is also an 

important aspect, as it might take a while for characteristic species to disappear completely 
from an area. During which season a study like this is performed, could also affect where 

different species are found. During the rainy season, forest species tend to fly out to the open 
areas seeking the warmth of the sun, while during the dry season, open land species might 

enter the forests in order to find some shadow (Owen. 1971). 
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Methods 

Firstly, it must be mentioned that in the beginning of the fieldwork the aim was to reach the 
forest reserve, and use this area as the end of the gradient, representing an undisturbed site. 

Unfortunately, at the time of the field study we did not yet have access to the map presented 
in Appendix II, and after locating the study sites with the help of the GPS coordinates we 

took, it is clear that we were never actually in the forest reserve, but just outside it.  
Considering other factors that could have affected the result of the study, about one third of 

the butterflies observed at each site could not be identified on the wing and were impossible 
to catch with a net, and were therefore excluded from the study. Had all butterflies observed 

been identified, then the assemblage of butterflies might had been changed in one or more of 
the study sites, which perhaps would have affected the outcome of this report. There is also 

the effect of loss of data when butterflies escape from the traps before being identified, or by 
butterflies visiting the trap during the day but not being there when the traps were controlled 

in the end of the day. A solution to this problem could be to continuously check the traps 
during the day. The butterflies in the traps should then be marked so that they are not counted 

twice. The use of baited butterfly traps turned out to be very useful though, while observing 
frugivorous species of butterflies (especially species of the genus Charaxes). This group of 

butterflies was rarely seen on the wing, and has quite many species confined to forest habitats. 
Uehara-Prado et al (2007) concludes that frugivorous butterflies respond well to forest 

fragmentation, and finds these butterflies useful as biological indicators of forest disturbance.  
 

Some studies conducted show a difference in butterfly diversity between undisturbed and 
disturbed forests, depending on where in the forest one has been sampling. In an investigation 

by Dumbrell and Hill (2005), one can read that when combining data from ground and canopy 
traps, the result showed a significantly higher diversity in primary forest compared to 

selectively logged forests, but no evident difference was shown if only data from the ground 
traps were analysed. The conclusion was that selective logging, in this case, resulted in loss of 

canopy species. Miombo forests are not typically very tall grown, so perhaps there is no effect 
by butterfly vertical stratification in this particular biome, but it would definitely be 

interesting to test.  
 

 
Species diversity 

The results of the statistical testing show no significant differences in diversity, species 
richness or abundance of butterflies between the ten sites studied (Table 2 and 3). 

Furthermore there are no significant differences between the ten study sites in number of 

species or individuals confined to a certain habitat (p>0.05), when comparing the butterflies 

joint together as groups, belonging either to open landscapes, forests or as generalists. If I in 
stead could compare the abundance of individual species, e.g. Charaxes guderiana, between 

the ten sites, there would most likely be a significant difference shown in a statistical test. 
Although several other studies have shown a difference in diversity between disturbed and 

undisturbed areas, it is important to consider the fact the most of these studies have been 
conducted in rainforests which have quite scarce vegetation in the understory in comparison 
to miombo woodlands, which even when undisturbed is a relatively open forest, and have a 

quite dense grass cover which allows grassland species to dwell in these forests. This fact 
might explain why the diversity of species is quite similar between open and forested areas. If 

I would have had more samples from areas similar to site number 10 to compare with more 
disturbed sites, it is quite likely that the diversity would actually have been significantly lower 

in the undisturbed areas. In a study by Uehara-Prado et al (2007), the analysis of species 
composition in addition to only species richness is emphasized, as the richness and abundance 
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sometimes turn out to be higher in areas that seem more disturbed, usually due to the fact that 

the disturbed area have characteristics that could favour both original species and alien 
species. The authors continue by writing that studies showing the opposite result (higher 

species richness and abundance in undisturbed areas) are usually due to the disturbed habitats 
and their resources being destructed or too modified. So, following the “intermediate 

disturbance hypothesis”, a moderate level of disturbance could actually favour the species 
diversity of butterflies in certain areas, but it does not automatically mean that the most 

vulnerable species are favoured. Another reason to study the composition of butterflies is that 
they can be connected to the use of certain host plants. If my knowledge of the host plants of 

the butterflies I found in this particular area had been better, this could have been interesting 
to investigate since a certain butterfly could be connected to a rare, or a somehow vulnerable 

species of plant, which in turn could be useful when trying to find areas that are important to 
preserve, and which need special attention. 

 
 

Conclusions 

Even if the existence or non-existence of species in different areas can not all be easily 

explained, the figures drawn up from the results of this investigation still suggest that there is 
a difference in species composition between the different areas, and specifically that site 

number 10 stands out from the rest when looking at certain indicator species. Considering the 
successful results of many similar studies that have already been made, I do believe that the 

method of using butterflies as indicators of forest disturbance could be useful, also in miombo 
woodlands, but that focus should be placed upon species composition rather than species 

diversity when using the method in this type of biome. To increase the effectiveness of this 
method I would also suggest that the person conducting the study has some previous 

experience in inventorying butterflies. I propose similar studies to be made, but with larger 
sample sizes, with more distinct differences between study sites in terms of degrees of 

disturbance and with an undisturbed forest as a “point zero”.  
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Appendix 

 

 
Appendix I. Description of the study sites. 

 

 
 

Study 

site 

Description of study sites Most common tree species 

1 Bush land close to Mikumi village. Very low 

density of trees, no large trees.  Red soil. Many 

signs of human activities. Small road going through 

the area to a place for “stone breaking”. A small 

ravine going through the area. Grass height: 1,3 m. 

Canopy projection: 5%. 

Acacia nigrescens 

Combretum sp. 

Brachystegia longifolia 

Diplorhynchus condylocarpon 

Commiphora africana 

Akacia sp. 

Dichrostachys cinerea 

Dalbergia melanoxylon 

Camelfoot 

(2 unknown species) 

 

2 A smaller road goes in from the Kilosa road. High 

density of trees, many large trees. Many signs of 

trees being cut. Red soil. Grass height: 1,75 m. 

Canopy projection: 40%. 

Pterocarpus angolensis 

Brachystegia longifolia 

Annona sp. 

Xeroderris stuhlmannii 

Crossopteryx febrifuga 

Combretum sp. 

Maerua angolensis 

(1 unknown species) 

 

3 A small path goes in from the Kilosa road. High 

density of trees, intermediate numbers of large 

trees. A few shallow ravines. Red soil. Grass 

height: 1,25 m. Canopy projection: 30%. 

Pterocarpus angolensis 

Brachystegia longifolia 

Combretum sp. 

Pseudolachnostylis maprouneifolia 

Brachystegia spiciformis 

Acacia nigrescens 

Brachystegia microphylla 

Acacia sp. 

Xeroderris stuhlmannii 

Bridelia cathartica 

(2 unknown species) 

 

4 Located between the pipeline and a small road 

going in from the pipeline. High density of trees, 

intermediate numbers of large trees. Many signs of 

tree cutting in the area. Red soil. Grass height: 1,25 

m. Canopy projection: 40%. 

Pterocarpus angolensis 

Brachystegia longifolia 

Xeroderris stuhlmannii 

Combretum sp. 

Diplorhynchus condylocarpon 

Dichrostachys cinerea 

(1 unknown species) 

 

5 In the intersection between the Kilosa road and the 

pipeline. Very flat terrain. Low density of trees, 

few large trees. Signs of human activities, e.g. 

places for charcoal-production, many big stumps, 

small cultivations. Red soil. Grass height: 1,75m. 

Canopy projection: 30% 

Pterocarpus angolensis 

Brachystegia longifolia 

Diplorhynchus condylocarpon 

Xeroderris stuhlmannii 

Burkea africana 

Combretum zeyheri 

Combretum molle 

Crossopteryx febrifuga 

(2 unknown species) 
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Study 

site 

Description of study sites Most common tree species 

6 Between the pipeline and Kilosa/Ihombwe-

intersection. High density of trees, few large trees. 

Many large stumps. Red soil. Grass height: 0,75 m. 

Canopy projection: 35%. 

        Camelfoot 

Brachystegia longifolia 

Pterocarpus angolensis 

Bridelia cathartica 

Crossopteryx febrifuga 

Pseudolachnostylis maprouneifolia 

Xeroderris stuhlmanii 

Annona senegalensis 

Combretum sp. 

Byrsocarpus orientalis 

Brachystegia spiciformis 

(1 unknown species) 

 

7 Very flat terrain situated between two intersecting 

roads. High density of trees, many large trees, high 

bush cover. Signs of collection of firewood. Red 

soil. Grass height: 1,25 m. Canopy projection: 

50%. 

Rourea (Byrsocarpus) orientalis 

Brachystegia spiciformis 

Pterocarpus angolensis 

Diplorhynchus condylocarpon 

Brachystegia longifolia 

Combretum sp. 

Burkea africana 

Dichrostachys cinerea 

(2 unknown species) 

 

8 Relatively open forest sloping down towards 

southwest. Low density of trees, intermediate 

number of large trees. A ravine cuts through the 

area. Signs of grazing cattle. Grey, sandy soil. 

Grass height: 0,88 m. Canopy projection: 20%. 

Bridelia cathartica 

Pterocarpus angolensis 

Rourea (Byrsocarpus) orientalis 

Acacia sp. 

Combretum zeyheri 

Diplorhynchus condylocarpon 

Dalbergia melanoxylon 

Dichrostachys cinerea 

Brachystegia spiciformis 

(7 unknown species) 

 

9 Situated by the small village Ibegezi II. Low 

density of trees, intermediate number of large trees. 

Area sloping towards the north, several smaller 

ravines. Close to various larger cultivations of rice, 

maize, sugarcane etc. Grey, sandy soil. Grass 

height: 1,95 m. Canopy projection: 35%. 

Diplorhynchus condylocarpon 

Brachystegia spiciformis 

Brachystegia longifolia 

Xeroderris stuhlmannii 

Burkea africana 

Dalbergia melanoxylon 

Combretum sp. 

Dichrostachys cinerea 

Acacia sp 

Pterocarpus angolensis 

(2 unknown species) 

 

10 Close to the Forest reserve. Hilly area. Low total 

density of trees, but many large trees. A few signs 

of human activity, such as old paths and a few 

stumps. Grey sandy soil. Grass height: 1,4 m. 

Canopy projection: 25%. 

Brachystegia longifolia 

Pterocarpus angolensis 

Brachystegia spiciformis/Julbernardia? 

Pseudolachnostylis maprouneifolia 

Xeroderris stuhlmannii 

Combretum sp. 

Diplorhynchus condylocarpon  

(1 unknown species) 
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Appendix II. Map over the study sites. 
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Appendix III. Number of individuals of each species found in sites 1-10 divided by families.   

Site 1 2 3 4 5 6 7 8 9 10 

Hespiriidae                    

Abantis paradisea   1           1    

Hespiriidae sp   1                

Lycanidae                    

Hypolycaena philippus   4 1 1 4   2   1 4 

Leptomyrina gorgias   1                

Lycanidae   1                

Nymphalidae                    

Acrae perenna   7   9     1      

Amauris ochlea           2        

Aterica galena                 2  

Bicyclus safitza 5 17 7 12 6 10 25 21 11 17 

Charaxes bohemani   6   1 1 2   3 1 4 

Charaxes candiope               3    

Charaxes castor           1     2  

Charaxes ethalion 2 1 1              

Charaxes fulvescens     1              

Charaxes guderiana 4 6 8 4 3 5 1 4 4 15 

Charaxes hansali 2 2 1              

Charaxes jahlusa   1                

Charaxes lasti                 1  

Charaxes sp     1              

Charaxes varanes                   1 

Charaxes viola phaeus           1        

Charaxes zoolina                   1 

Cymothoe theobene     6     2 1 1 5  

Pseudacrae lucretia           1       1 

Euphadrea neophron neophron   1             1  

Hamanumida daedalus 13 9 9 8 6 9 11 10 12 3 

Melanitis leda        1 1   1   2  

Byblia acheloia   3 14 3   7 16 3 2 2 

Neptis sp, A 1 14 2 5 1 2 1 2 4 1 

Neptis sp, B 2 12 1 5 7 6 9 7 10 4 

Eurytela dryope         1          

Acraea c.f. petraea         1          

Acraeidae sp       1            

Pardopsis c.f.  punctatissima 4         5        

Acraea eponina                 4  

Crenidomimas concordi   1         1     2 

Precis hierta         1          

Precis natalica             1      

Precis tugela   1   2   1 1   4 1 

Papilionidae                    

Papilio c.f. demodocus   2 4 1   3 2      

Pieridae                    

Belenois creona severina   5 19   19 15 4 28 11 3 

Belenois thysa 7 10 1 4 10 7 8 5 4 4 

Catopsilia florella     6              

Colotis eris         1     3    

Colotis euippe   1     2          

Colotis evagore     13   1     11 4  

Colotis evagore/pallene       1   3        
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Site 1 2 3 4 5 6 7 8 9 10 

Colotis evenina 9   2 3 6 14 7 13 3   

Colotis hetaera 3 1 12     1 2   3   

Colotis hildebranti             1       

Colotis ione             1       

Colotis regina 1   6 5 1 8 1 13 1   

Colotis subfasciatus 1                   

Eurema brigitta 30 43 14 33 12 67 18 30 45 9 

Eurema hecabe 1                   

Appias epaphia             1       

Total  nr of species: 56           

Total nr of individuals: 1207           

 

 
Appendix IV. Species of butterflies divided into groups of habitat.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Forest species Grassland/open country/bush 

species 

Generalist species 

Acrae perenna Abantis paradisea Belenois creona severina/Belenois 

aurota 

Amauris ochlea Colotis eris Bicyclus safitza 

Aterica galena Colotis euippe Catopsilia florella 

Belenois thysa Colotis evagore Charaxes hansali 

Charaxes bohemani Colotis evagore/pallene Charaxes varanes 

Charaxes castor Colotis evenina Charaxes viola phaeus 

Charaxes ethalion Colotis ione Charaxes zoolina 

Charaxes fulvescens Colotis regina Colotis hetaera 

Charaxes guderiana Colotis subfasciatus Colotis hildebranti 

Charaxes lasti Eurema brigitta Byblia acheloia 

Crenidomimas concordia Eurema hecabe Acraeidae sp 

Cymothoe theobene Hamanumida daedalus Eurytela dryope 

Euphadrea neophron 

neophron 

Hypolycaena philippus Pardopsis punctatissima 

Precis tugela Leptomyrina gorgias Acraea eponina 

Pseudoacrae lucretia Papilio demodocus Appias epaphia 

  Precis hierta  

  Precis natalica 

  Melanitis leda 

Tot. nr of species:             15 15 18 
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Appendix V. Photos of butterflies found during the study. Photos by G. Milbrink. 

 

                     
Charaxes varanes                                                    Charaxes candiope 

 

 

                   
 Charaxes hansali                                                    Charaxes bohemani  

 
 

         
                   Eurema brigitta                   Hamanumida daedalus                           Eurytela dryope 

 

                      
Colotis evenina                                                            Colotis evagore 

 

                    
Colotis euippe                                                 Crenodomimas Concordia 
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