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ABSTRACT 
 
The research aimed to assess how different tree species and rehabilitation styles affected the attraction of 
bats at the wazo hill rehabilitation program in Dar es Salaam. The parameters used for assessment were 
abundance and diversity of bats species, whereas the mist-netting technique was used on the area with 
total sampling effort of 5760 (net meter hour).  The study site had two zones natural vegetation area (H’ = 
0.59608, 80 individuals) and rehabilitated area H’= 0.2062, 111 individual bats trapped which was divided 
into four different patches.  The Nursery patch with (H’ = 0.29, 47 individuals), Casuarina equisetifolia patch 
(H’ = 0, 12 individuals), Leucaena leucocephala and Tamarindus indica patch (H’ = 0, 25 individuals) and 
the Albizia patch (H’ = 0.16, 27 individuals). However, there was no significant difference in diversity 
between the nursery patch and Albizia patch nursery patch, for the Casuarina equisetifolia patch and the 
Leucaena leucocephala and Tamarindus indica patch diversity was zero directly showing a significant 
difference in diversity with the nursery and Albizia patch. These results were influenced by 
several variables, rehabilitation type, planted species of trees, and human interaction, such as noise and 
light pollution.  
 

INTRODUCTION 
Ecological restoration is the process of assisting the recovery of an ecosystem that has been destructed by 
either natural or anthropogenic factors. The main purpose of ecosystem restoration is to achieve substantial 
ecosystem recovery (Gann et al. 2019). There are many ways of restoration such as reducing societal 
impact, remediation, and rehabilitation.  
Rehabilitation is one of the restorative practices that is aligned along the continuum that involves the 
ecological restoration and its allied complementary activities of all which include improving ecosystem 
integrity and socio-ecological resilience (Gann et al. 2019). The process of rehabilitation is a long-time 
process in which the goal is not to completely recover the native ecosystem but to reinstate a level of 
ecosystem functioning and ongoing provision of the ecosystem services.   
At the Wazo hill quarry area, the ecological restoration program started early in 2010 under the Twiga 
cement industry where about 18 hectares of trees have been planted in the areas where mining was done. 
Rehabilitation has been done in plots with different styles as some plots contain only the same plant species 
while other plots consist of a mixture of different tree species. 
In the assessment of the effectiveness of the rehabilitation in the ecosystem, various animal species can 
be used as the indicator of the effectiveness of the restoration program, such animal species include bats 
as in this study. This is because of the various roles that they perform in their daily activities as they affect 
the restoration progress. Bats in their niche normally play several roles that influence the forest regeneration 
process (Minard 2007). Seed dispersal and pollination (Kunz et al. 2011). The fruit and nectar-eating bats 
(Megachiroptera) also, play a great role in pest control by the insectivorous bats (Microchiroptera) (Riccucci 
and Lanza 2014).  
Globally, efforts have been made to protect bat species from extinction, which is typically brought on by 
human activities that result in habitat destruction, habitat loss, climatic change, and the loss of roosting 
sites. Various efforts have been made to restore the habitat despite the rise in development and habitat 
destruction, such as the effort done in the Wazo Hill Quarry Area where rehabilitation is taking place. 
However, no studies have been done to assess the impact of rehabilitation style and the influence of various 
plant communities found especially on bat species diversity and abundance at the Wazo hill quarry site. 
This could be because bats have been less studied than other mammalian groups, partly because of the 
complexity involved in their trapping and identification (Trentin and Rovero 2011). Therefore, regarding the 
gap, the project aimed at providing the data reflecting the influence of different plant species used in the 
rehabilitation program and the rehabilitation style on attracting different species of bats (As it supports 
foraging and roosting to bats). Due to their effect on habitat restoration through their ecological niche which 
leads to a fast process of restoration. 
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Research objectives 
 Main objective 

❖ To assess the impact of rehabilitation on the diversity and abundance of bat species. 
 Specific objectives 

o To determine the diversity and abundance of bats in natural vegetation and the whole 
rehabilitated area. 

o To figure out the diversity of bats species in rehabilitated areas with different species of 
trees. 

o To determine the abundance of the different species of bats in different rehabilitation 
patches. 

o To work out the relationship between the abundance of bats and the number of tree 
species present in each patch. 

(non-directional null hypotheses were tested) 
 

METHODOLOGY 
Five mist nets were set in the rehabilitated area and naturally vegetated area (control area) for eight days, 
(4 days in each site). Where trapping duration per day was 12 hours. Making a total of 48 hours of data 
collection in each zone. Monitoring was done after every 30 minutes throughout the night from1830Hrs to 
0630Hrs. 
All the trapped individuals were removed from traps, identified and marked(temporary), and released back 
to the wild.  
Within the rehabilitated area sampling was done in four different patches as indicated in table 01 below  
 
Table 01; Sampling patches within the rehabilitated area 

 

DATA ANALYSIS 
Data were compiled and the chi-square test was done using Microsoft Excel. And tests for normality, 
diversity, and correlation were determined using the Shapiro-Wilk test, Shannon diversity & t-test, and 
Pearson’s correlation test PAST computer program of (V 4.03). 
 
 
 
 

   Sampling site Tree species found Sampling 
hours 

Sampling 
effort 
(meter net 
hours) 

Nursery patch Mixed species of Senegalia polyacantha, Gmelina 
arborea, casuarina equisetifolia, Pongamia pinnata, 
Senna siamea Trichilia ametica, Leucaena leucocephala 
and Albizia schmperiana. 

12 720 

Albizia patch 
(mixed) 

Mixed species of Leucaena leucocephala, Albizia 
schmperiana, Senna siamea and Casuerina equisetifolia. 

12 720 

Leucaena and 
Tamarindus patch 

Dominated by Leucaena leucephala and a few 
Tamarindus indica. 

12 720 

Casuarina patch Consists of only Casuarina equisetifolia. 12 720 
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RESULTS 
Rehabilitated area and natural vegetation area (control area) 
 

Species diversity  
Species diversity in the Natural vegetation area and rehabilitated area was 0.59608 and 0.2062 
respectively, the results show that there is a significant difference between the two areas where the natural 
vegetation area has higher species diversity than rehabilitated area (t=1.8846, Df =138.97, P =0.0045). 
 

Bats abundance 
Bats abundance in rehabilitated and natural vegetation areas was 111 and 80 individuals respectively. 
whereby the number of individuals per species in natural vegetation and the rehabilitated area is seen as 
shown below.  

 
Figure above; bats species abundance in natural vegetation (control area) and Rehabilitated area  
Results show that there is a significant difference between the natural vegetation area and the natural 
vegetation area where-by the rehabilitated area has a higher abundance than the natural vegetation area 
(X2=5.03, P value=0.025) 

 

Within the rehabilitated area. 
During data collection total of 111 individual bats of three species of bats were captured. All species 
captured belong to the family Mega Pteropodidae  

Bats diversity 

Table 1, for the diversity values obtained in every patch sampled.  

Bats diversity 
Table 1; Shannon diversity (H’) value per each patch sampled 

Patch  Shannon diversity value (H’)  

Nursery patch 0.29107 

Albizia patch 0.15841 

Leucaena and Tamarindus patch 0 

Casuarina patch 0 

 
 
The diversity t-test for the comparison of diversity among the patch’s nursery and Albizia patch (t = -
0.85138, P= 0.39799) showed there is no significant difference between the two patches, also between 
nursery and (Leucaena + Tamarindus) patch (t = 2.9753, P= 0.00461) showed the significant difference. 
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Between the nursery and casuarina patch (t = 2.9753, P= 0.00461) there is significant difference. The 
Albizia and (Leucaena +Tamarindus) patch (t = 1.3062, P= 0.2025) shows there is no significant difference 
between the patches. Also, the Albizia and casuarina patch (t = -0.3062, P = 0.2025) shows there is no 
significant difference between the patches. 

Bats Abundance 
Bats abundance on every patch was estimated based on the number of individuals trapped in the area 
during the sampling as shown in Figure 1. 

 
Figure 1; above shows the abundance of the species of bats on every patch 
 
Using chi-square to test for abundance assuming equal abundance on every patch (X2 = 22.59 which is 
significantly different and greater than 7.81 (Df = 3, P-Value = 0.000 < 0.05), hence showing there is a 
significant difference among the four patches.  
Test for correlation between the number of tree species and the abundance of bats (R = 0.96659, P-value 
= 0.0334) suggested a strong correlation, Hence, there is a positive correlation between the abundance of 
bats and the number of tree species planted on the area. 
 
 

 

DISCUSSION 
Bats diversity 

Natural and rehabilitated area 
From the results high species diversity was recorded in the natural vegetation area compared to the 
rehabilitated area this is due to the less disturbance and presence of many large trees as the baobab trees 
that offer roosting sites for several bats species. The age of the rehabilitated area is 12 years old (young 
compared to natural vegetation area) showing the area is still in succession at which it develops to attain 
climax community which will attract more species of bats fauna due to the increased number of ecological 
services that it will provide as a roosting site, foraging grounds, protection, etc. (Gorresen & Willig 2004) 

Within the rehabilitated area  
There was a remarkably high diversity of bats in the nursery patch of the rehabilitated area marked with H 
= 0.29. which makes a significant difference with other al patches. And this may be due to several reasons. 
Such the presence of a large number of fruiting tree species planted as Gmelina alborea, Trichilia emetica, 
and Albizia schimperiana (flowers), also the presence of soft fruits as of Gmelina alborea may positively 
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affect the diversity in the nursery patch (Dumont & O’Neal, 2004). on the area whereby it was observed that 
the areas with a large number of trees species tend to have more species of bats compared to the areas 
with single species (monoculture), (Tanalgo et al. 2021), as has been observed in the two patches in the 
rehabilitated area which were having the diversity H’ = 0, (in the Casuarina equisetifolia (monoculture) patch 
and Leucaena leucocephala patch with few Tamarindus indica.). 
However, a smaller number of species in the area may be a result of habitat destruction in which some of 
the native species are lost and replaced by new ones that may be favored by the change in habitat, probably 
the rehabilitation program has attracted more fruit-eating bats as of the mentioned captures. (Villaseñor et 
al. 2014). Also, lower diversity at the Leucaena leucocephala and Tamarindus indica patch and the 
Casuarina equisetifolia patch may be influenced by the noise and the light pollution that normally interfere 
with the spatial orientation, foraging, and communication activities(Rodríguez and Sánchez 2022). On the 
study site, noise and light pollution were generally caused by moving trucks and operating machines 
throughout the night.  

Abundance  

Rehabilitated and natural vegetation 
The high bat’s abundance of fruit-eating bats was recorded in the rehabilitated area which may be 
influenced by the presence of the water pond and foraging grounds as the presence of fruiting trees such 
as Gmelina alborea and Trichilia emetica (Vaughan et al. 1997; Di salvo et al. 2009).also the spacing 
between the vegetations in the rehabilitated area created a great flyway (for their foraging activities and 
echolocation behavior) for bats within the rehabilitation area compared to the thicket and bushy vegetation 
nature of the natural vegetation area (control area) (Law & Chidel 2002). Natural vegetation in the unmined 
area is also characterized by a number of baobab trees, continuous thicket, and bushy vegetation that 
offers roosting sites for the species during the days (Villalobos & Herrera 2016) 

Within the rehabilitated area 
The nursery patch was having the highest number of individuals caught compared to the rest of the patches 
with a total of 47 individuals. The abundance may be influenced by several reasons such as the presence 
of a larger number of tree species that are producing fruits providing the bats with a foraging site. However, 
on the Casuarina equisetifolia patch and (Leucaena leucocephala and Tamarindus indica) the patch was 
having a smaller number of individuals that were trapped, reasonably, it may be used as the stepping stones 
of bats when they are moving to other patches which are bearing fruits or foraging from their roosting sites 
(Heer et al. 2015).  
In the rehabilitated area there was no roosting site that was observed, this expresses that the area is 
commonly used by the bats as the foraging ground and not as the area for roosting also this may be due 
to the artificial light pollution caused by the moving vehicles and security lights found on the areas which 
interfere with the hibernation process and frequently results to the abandoning of the particular site. 
(Rodríguez and Sánchez, 2022).  
 
The project has exposed various contributions of the tree species used in the rehabilitation area and 
rehabilitation styles towards attracting more diversity of (bats as the indicator) and other animals with 
sharing niches. 
 

Recommendations 
The use of mixed tree species (above the minimum of five different tree species) with mixtures of species 
such as Gmelina alborea, Trichilia emetica, and Mutingia calabura, which produce soft and preferable fruits 
by bats which they will offer foraging grounds for most of the fruit-eating bats where in return bats will 
disperse the seeds throughout the area and fasten the rehabilitation process in the area. An additional 
number of water ponds (as seen in the nursery patch) throughout the rehabilitation area will also attract 
more diversity of animals such as amphibians, reptiles, and others 
The use of fruit trees that are consumed by the surrounding communities like oranges, guava, mangoes, 
pawpaw, and others will be offered free to the surrounding households. This will increase the good 
relationship between the local community and the industry.  
Minimum or less use of insecticides in the rehabilitation area at which will provide suitable habitat for the 
insects and insect-eating organisms such as birds, bats, and others. 
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Thus, with the modifications done to the areas also more groups of animals will be attracted to the area 
such as birds, primates, and other individuals that are feeding on the fruits following the vegetation 
complexity in the area. 
 

CONCLUSION 
Conclusively, from the observations made on the results, the species diversity and abundance are highly 
influenced by the number of tree species in the area and other anthropogenic factors such as noise and 
light pollution. Rehabilitation patches that were having more tree species and fruiting species offer the 
foraging ground for bats and hence have higher diversity compared to the patches that were composed of 
few or one species of trees. 
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