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Abstract 

This paper examines the effect of beekeeping on vegetation restoration and conservation of degraded 
river banks and water sources as an alternative conservation approach. Data was collected in two sites, 
Umba-river bank in Mwangoi village and the water catchment area in Migambo village both of Lushoto 
District, Tanzania. Methods used for data collection include vegetation assessment through a fine scale 
survey focusing on the area where beekeeping is carried. Concentric nested circular plots for the larger 
plot were used with 10% sampling intensity. Data from the forests was summarised and analysed using 
the excel computer programme, while socio-economic data was subjected to content analysis. The 
results indicated that over the past three years beekeeping has shown to improve the management of 
the area and the regeneration of plant species was significantly enhanced. Though the plant diversity of 
the two pilot areas was relatively low but was better than before the intervention. Moreover, the 
densities of regenerants are still higher compared to many forests in the Eastern Arc Mountains. 
Therefore it is recommended that enrichment planting with suiTable tree species suiTable for apiculture 
be introduced to sustain the ongoing beekeeping activity that promotes conservation of these fragile 
areas. 
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Introduction 

General overview 

Degradation of water sources and river banks is rampant as people seek to utilize wet areas or irrigable 
areas for crop production especially in the face of changing climate and fluctuating rainfall regimes 
(Speranza et al, 2010). The continuing vegetation loss and degradation of river banks and water sources 
however, is an indication of the imbalance between human needs and the capacity of ecosystems to 
support life. But on the other side it can be a question of institutional arrangement in the whole setting 
(Mbeyale, 2010). The great challenge remains with natural resources management (NRM) practitioners, 
policy makers and environmentalists to device different strategies that address adequately both 
livelihood issues and sustainable NRM. Over the past three years, 2007-2010 a project supported by 
ASARECA on NRM has attempted to engage the local communities in Mwangoi and Migambo villages, 
Lushoto district, Tanzania to use beekeeping as a strategy for improving peoples livelihood while 
promoting vegetation restoration and biodiversity improvement along the degraded Umba River bank 
and water sources. The beekeeping technology utilises modern beehives namely SUA-ITATOBE-
(Sokoine University of Agriculture, Improved Tanzania Top Bar Hive); a technology developed from 
the Sokoine University of Agriculture in Tanzania. After a positive uptake of the technology by local 
communities it was found necessary to assess the effectiveness of the introduced technology in the 
regeneration and restoration of degraded sites where beehives were hanged. The assessment of 
vegetation in the two selected pilot areas (in Mwangoi and Migambo villages) provides viable indicator 
for the potentials of beekeeping in addressing livelihoods and environmental conservation in fragile 
degraded ecosystems.  
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Objectives 

 To determine the biodiversity value of the rehabilitated water sources and river banks resulting 
from bee keeping intervention 

 To assess the intensity of bee keeping on regeneration potential of the sites over the past 3 years 
Methodology 

The study area  

The two ASARECA project pilot areas were located Mwangoi and Migambo vilages, West Usambara 
Mountains in Lushoto district, Tanzania. The two pilot areas under study are covering an area of about 
10 ha each. Their importance as forest areas is increasing due to the ongoing beekeeping activities. The 
Mwangoi pilot area is still under the Lutheran Church thus the forest area is interrupted by human 
settlements and agricultural activities leaving the bank of the Umba River (2 ha) for the beekeeping. The 
Migambo pilot area which is characteristically a catchment area was managed as a farmland until 
recently when the village government acquired it for conservation as a water source. With difficulties 
the village government in Migambo strived to maintain the area but fuel wood cutting and grazing 
were the main setback to their efforts. However, through beekeeping it was possible to do away these 
human activities including farming, fuel wood collection and animal grazing. 

Data collection 

Data were collected through a fine scale survey focusing on the area where beekeeping is carried out by 
hanging beehives. The data collection activity took place in May and July 2010 for Mwangoi and 
Migambo pilot areas respectively. The first step was a reconnaissance survey to determine and estimate 
the area under study and to get sketch maps that facilitated layout of plots. Concentric nested circular 
plots with the radius of 15 m for the larger plot were adopted (De Vries 1986). Given the small area 
under study, the adopted sampling intensity was 10% so as to acquire data from almost all patches of 
forest. Therefore, three plots for Mwangoi and four for Migambo each of 0.07 ha, were laid out whereby 
an objective sapling technique was used to scatter plots at a distance not less than 50 m apart. Life-
stages of all trees were counted, measured and identified to genus or species level in each nested 
circular plot as follows; 2 m radius of the plot - all seedlings (<30 cm tall, > 30 cm but < 1 cm dbh), 5 m 
radius - all samplings (≥1 cm dbh but < 5 cm dbh), 10 m radius - all sub-adults (≥ 5 cm but < 20 cm10 
dbh), 15 m radius - all adult trees with dbh ≥ 20 cm. 

These data were used to calculate density, abundance and dominance of different tree species and 
diversity indices of the two pilot areas. Also, within a 1m x1m quadrant all herbs and grasses were 
counted and identified to determine their composition and density. The reproductive condition of each 
identified plants was recorded by observing presence of flower, flower buds/fruits. Transect walk with 
key informants in the pilot areas and other areas nearby where bee keeping is practised was done and 
informants were also interviewed to capture their experience on the bee keeping activity. Observation 
made by participants contributed to knowledge sharing and exchange of information which were all 
recorded as important data for this research.  

Data analysis 

The collected data were analysed to get the species composition, richness, diversity and their 
regeneration potential using the regeneration ratios. Species diversity was computed using Shannon’s 
and Simpson’s diversity indices. The Shannon Diversity Index was computed as  

H’ = -∑Pi*lnPi 

Where H’ is the index of diversity, Pi is the importance value of a species as a proportion of all species. 

Simpson’s Diversity Index was computed as  

C = ∑Pi2 
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Where C is the index number and Pi as defined above . 

Basic vegetation assessments based on calculations of species numbers, frequencies, basal areas and 
mean dbh as well as on species “Importance Value Index” (IVI) at that site were carried out. The IVI is 
calculated as follows: 

Index of dominance =  












2

N

ni  

Where in = number of individual of a species (of one forest) 

 N = Total number of individual of all species (of one forest) 

 

 

 

 Frequency = Number of quadrates in which a species is found 
 Cover value Index (CVI) = Relative density + Relative dominance 
 Importance value index (IVI) = CVI + Relative frequency 
 
These information and data were summarised using the Excel Spread Sheet. The socio-economic data 
were subjected to content analysis. 

Results and discussion 

Biodiversity value of the rehabilitated water sources and river banks 

Species diversity. The results in Table 1 which indicates different IVI (the Importance Value Indices for 
different species in the two forest sites) show that the exotic tree species Acacia mearnsii is the one 
dominating the Mwangoi village forest site (IVI= 0.82) while in Migambo, the dominant species is an 
indigenous tree Pyrus communis (IVI=1.02) (Senzota and Mbago, 2009). 

Table 2 shows the diversity indices of the two sites. The Simpson’s and Shannon’s Diversity Indices for 
Migambo were 0.19 and 3.7, respectively, which show low diversity of plant species if compared to 
many of what are called forest in West Usambara. The Simpson’s and Shannon’s Diversity Indices of 
Mwangoi were 0.207 and 1.7 which is also low compared to many forests. The Simpson’s Diversity 
Index (SIDI) represents the probability that any species encountered at random would be different 
species, and its range is 0 ≥ SIDI < 1. The Shannon’s Diversity Index represents the quantity of 
‘information’ per individual thus giving an indication of the extent of species diversity in the system. 

The higher the information contained therein, the more diverse is the system hence the higher species 
diversity of species composition of an ecosystem. Its range is >0, without limit (McGarigal and Marks, 
1995) and the higher the value, the greater the diversity. Values > 2 for Shannon’s Index have been 
assigned medium to high diversity (Omeja et al., 2004). Based on the results, though the biodiversity 
seem to be low but there are signs of improvement over the years, given the vegetation cover increases 
of 15-20% above ground and 0-5% ground cover in 2008 to 40- 70% above ground tree cover and 40-55% 
ground cover in both sites. 
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Table 1: IVI values in Migambo and Mwangoi sites 

Location Tree Species IVI 

Migambo 

Pyrus communis 1.021 

Solanecio mannii 0.469 

Prunus mritima 0.324 

Albizia schimperana 0.312 

Acacia mearnsii 0.293 

Prunus persica 0.264 

Vernonia galamensis 0.139 

Cussonia holstii 0.089 

Cyprus distans 0.022 

Mwangoi 

Acacia meansii 0.826 

Grevilea robusta 0.804 

Eucalyptus sp. 0.661 

Jacaranda mimosifolia 0.193 

Markamia lutea 0.177 

Comiphora sp. 0.120 

Acrocapus flexinifolius 0.089 

Dombeya sp. 0.056 

Albizia sp. 0.051 

Bridelia sp. 0.018 

 

Table 2: Biodiversity indicators in Mwangoi and Migambo villages 

Parameter Values 

 Mwangoi Migambo 

Species richness  40 35 

Trees 12 7 

Shrubs 16 12 

Herbs 9 11 

Climbers 0 2 

Fern 0 2 

Grasses 3 1 

Number of plant families  23 23 

Density (stem ha-1) DbH ≥ 5 cm 464 205 

Species diversity   

Simpson Index 0.207 0.191 

Shannon-Winner Index  1.796 3.755 

 

The intensity of beekeeping and Plant regeneration potential of the two sites  

Beekeeping intensity and vegetation cover. Table 3 indicates the intensity of beekeeping in the two 
sites; management and vegetation cover changes over the three years of the project intervention. In 
Mwangoi village the site which was under study is a 1 km stretch along the Umba River. The river bank 
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was highly degraded after being used for production of annual crops such as maize, beans and banana. 
After introduction of the beehive, there has been improvement in terms of vegetation cover as people 
are no longer using the area for crop production. The vegetation cover of the sites has increased from 
15% tree cover above ground and 0 ground cover in Mwangoi in 2008 to 40% trees above ground cover 
and 55% ground cover in 2010, while in Migambo the change has been from 20% above ground cover 
and 5% ground cover in 2008 to 40% above ground cover and 70% ground cover in 2010 (Table 3). 

Most of the threats in the two sites including firewood cutting particularly by women, grazing and 
cultivation have stopped since bees have a policing effect, whereby most people are afraid of the bee 
stings. This has enhanced vegetative regeneration. It is also noted that of recent there has been some 
claims by famers seeing an increase in the production of fruit trees resulting from the effect of 
pollination by bees e.g Persea americana , while other farmers have noted some increase in beans and 
maize production in areas where the bee hives have been located in a farm plot. This perception is 
motivating more people to adopt the technology because of its multiple benefits. 

Table 3: Intensity of beekeeping and management of the two sites 

Site Years No. of 
bee 
hives 

Honey 
yield (kg) 

Management Status of vegetation cover 

Mwangoi 2008 10 40 Patrolling the apiary, 
maintaining and 
cleaning the beehives, 
regular visits to oversee 
the performance of the 
beehives  

15% trees cover above ground 
and 0% ground cover 

 2009 20 120 30% trees cover above ground 
and 20% ground cover 

 2010 33 220 40% trees cover above ground 
and 55% ground cover 

Migambo 2008 10 50 Patrolling the apiary, 
maintaining and 
cleaning the beehives, 
regular visits to oversee 
the performance of the 
beehives  

20% trees cover above ground 
and 5% ground cover 

 2009 30 165 30% trees cover above ground 
and 25% ground cover 

 2010 37 185 40% trees cover above ground 
and 70% ground cover 

 

Plant regeneration potential of the two sites  

Fourty plant species belonging to 23 plant families and 35 plant species belonging to 23 plant families 
were identified in Mwangoi and Migambo, respectively (Tables 4 and 5). The density of trees with DbH 
≥ 5 cm were 464 stems ha-1 in Mwangoi, almost two times than those in Migambo which was only 205 
stem ha-1 (Table 2). More than 60% of the stems in Mwangoi had DBH less than 20 cm while Migambo 
had more than 80%. Most of the native trees in both areas are of DBH less than 10 cm. Though the two 
areas were highly disturbed but differ in their conservation history; Mwangoi is a secondary forest 
which regenerate with mainly exotic species A. mearnsii, Eucalyptus spp., Grevilea robusta and J. 
mimosifolia. Large trees are the remnants of the previously managed plantations which were for fuel 
wood, building poles and timber. Migambo is purely a young secondary forest which recovers from a 
highly disturbed catchment forest and is currently dominated by shrubs and young trees of DBH less 
than 5cm. The density of tree regenerants at Migambo site is 16,463 per ha and regenerants of other 
three life forms combined is 212,370 individuals per ha. In Mwangoi, forest has tree regenerants density 
of 25,464 ha-1 and regenerants of other three life forms combined a opulation of individuals 342,774 ha-1. 
The relatively low density of regenerants of tree species in Migambo could be attributed to few 
numbers of mature trees which are the source of germplasm and also suppression from shrubs which 
currently dominate the area. The densities of regenerants in Mwangoi and Migambo are still higher 
compared to many forests in the Eastern Arc Mountains. 
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Table 4: List of plant species identified in Mwangoi site 

Botanical name Vernacular name Family Life form 

Abutilon spp. Unknown Malvaceae Shrub 

Acacia meansii Wati Mimosoideae Tree 

Acalypha fruticosa Unknown Euphorbiaceae Shrub 

Bidens pilosa Kimbara/mbwembwe Compositae Herb 

Clausena anisata Mjavikai Rutaceae Tree 

Clerodendron robundifolium Unknown Verbenaceae Shrub 

Comiphora sp. Unknown Burceraceae Tree 

Dodonea sp. Unknown Sapindaceae Shrub 

Dombeya sp. Unknown Sterculiaceae Tree 

Drymaria cordata Ugwiashighi Caryophyliaceae Herb 

Eucalyptus sp. Mkaratusi Myrtaceae Tree 

Pteridium sp. Silu Dennstaedtiacea Shrub 

Setaria chevalieri Unknown Graminaeae Herb 

Solanum sp. Mtura Solanaceae Shrub 

Sonchus sp. Unknown Compositae Herb 

Targetis minuta Unknown Compositae Shrub 

Turiaea robusta Dwayu Meliaceae  Tree 

Vernonia myriantha Unknown Compositae Shrub 

 

Table 5: List of plant species identified in Migambo site 

Botanical name Venecular name Family Life Form 

Acacia mearnsii Miwati,Wati Mimosaceae Tree 

Acalypha hirtella Mzindu Euphorbiaceae Shrub 

Ageratum conyzoides  Beenge Asteraceae Herb 

Albizia schimperana Mshai Mimosaceae Tree 

Basella alba Ndeema Basellaceae Climber 

Brucea antidysenterica Unknown Simaroubaceae Shrub 

Centalla asiatica Unknown Umbelliferae Herb 

Chysanthemoidesmonilifera Kibugha Asteraceae/compositae Herb 

Clausena anisata Mjavikai Rutaceae Shrub 

Commelina Africana N'kongo Commelinaceae Herb 

Pteridium aquilinum Shiu Dennstaedtiaceae Fern 

Pyrus communis Peas Rosaceae Tree 

Rubus niveus Mshaa Rosaceae Shrub 

Ruellia patula Unknown Acanthaceae Shrub 

Rumex usambararensis Nywanywa Polygonaceae Herb 

Senecio deltoideus Uwenge Asteraceae Shrub 

Verbena rigida Unknown Verbenaceae Herb 
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Vernonia galamensis Mhasha Asteraceae Shrub 

 

High densities of regenerants were expected in young or disturbed forests like these and with time the 
two areas are capable of naturally restoring to dense forest. Normally recovering of highly disturbed 
forest starts with annual plants and shrubs which enrich soils that support trees (Ndangalasi et al., 
2003). This is a positive sign for the restoration of the degraded sites. 

Conclusions  

The study revealed that there is a significant increase in densities of trees and ground cover in both 
forests due to the effect of beekeeping and hence quick signs of vegetation restoration. Both areas are 
still low in plant species richness and diversity. Mwangoi as other disturbed forests which are close to 
human settlements is vulnerable to invasion by alien plant species such as Lantana camara which 
escapes from settlements to nearby disturbed forests. To promote regeneration of desired tree species 
particularly for beekeeping purposes enrichment planting on both forests is ineviTable. Based on the 
fact that beekeeping is exclusively tree and flower dependent the enrichment planting is important to 
sustain and improve the beekeeping activity. Assessment and monitoring of populations of alien plant 
species is recommended to detect the adverse effects on the restoration which may be a result of 
invasive species domination.  
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