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ABSTRACT 

In highly-fertile regions such as East Africa, industrialized agricultural practices to maximize 

production have slashed biodiversity, which reduces the functioning of ecosystem services 

valuable to human and landscape health. A review of literature demonstrates a paucity of 

information regarding agroecological interactions in the Arusha region of Tanzania. Although 

some studies have investigated the impact of avian biodiversity on crop productivity, these types 

of studies have not been conducted in maize fields. Therefore, I sought to learn more about the 

connections between avian biodiversity and crop production of smallholder maize farmers in 

Arusha, Tanzania. In this study, fields were chosen along a north-south transect in the 

Afromontane Dry Transitional Forest vegetation zone west of the town of Ngaramtoni. At each 

farm, I identified the birds using point-count surveys, recorded all trees in and around crop fields, 

and described common arthropod pests on crops. I interviewed each farmer whose field was 

surveyed about crop production and attitudes towards biodiversity of trees and birds. The 

average farmer interviewed was 44.5 years old, and most agreed that insects are the primary 

threat to their crop. The most prevalent tree species was Grevellia robusta, a species introduced 

from Australia, and the most abundant bird species was the Pied Crow (Corvus alba). Each 

farmer cultivated an average field size of 1.6 acres. Ten of 12 farmers planted the trees 

surrounding their field, regardless of ownership status. These results indicate that the local 

biodiversity is dominated by introduced and generalist species, but that farmers have significant 

potential as agents of ecological change. These results are of utmost importance to both farmers 

and ecologists, as they help to elucidate the future of crop productivity in a changing landscape.  

 

 



 

   

BACKGROUND 

Tropical agriculture is under increasing threat due to a changing climate (IPCC 2007). Tropical 

agricultural systems are dependent upon rainfall to maintain soil moisture (Dawoe et al. 2017). 

As a result, many of these food-producing systems are endangered by changes in the timing and 

amount of rainfall (Esham et al. 2018). Farmers in tropical regions are often economically 

disadvantaged and forced to farm on marginal soils. This vulnerability is exacerbated by climate 

changes. Changes in air composition and temperature affect rainfall patterns, which reduce the 

stability of rain-fed agricultural systems. Ensuring the health of vulnerable communities must 

involve food security (Jones and Ejeta 2016). 

Studies of ecosystem services are demonstrating significant financial impacts of ecosystem 

health (Kellermann et al. 2008). Ecosystem services are the aspects of the earth that benefit 

humans (Şekercioğlu 2010) and can be categorized as one of four distinct types: supporting, 

provisioning, regulating, and cultural services. Supporting services assist in the development of 

the other three services, and include soil formation, nutrient cycling, and primary production. 

Provisioning services provide products such as food, fresh water, and fuelwood directly from the 

ecosystem; regulating services include disease regulation, water purification, and pest 

moderation. Cultural services are nonmaterial benefits such as spiritual and religious value, 

cultural heritage, and a sense of place (Millennium Ecosystem Assessment 2003).  

Birds provide an important regulating ecosystem service to farmers by controlling pests and 

reducing the need for pesticides. In Jamaican Blue Mountain coffee farms, birds consumed 

insects at a rate resulting in economic benefits of USD $44 to $105 per hectare (Kellermann et al. 

2008). Later that year, another Jamaican study indicated that insect-eating birds in coffee fields 

provided pest-reduction services of up to $310 per hectare per year (Johnson et al. 2008). Birds 



 

   

provide the same service on apple orchards in the Netherlands, as great tits (Parus major) 

similarly reduced the detrimental effects of insect pests on apple production. This resulted in 

higher yield of apples of approximately 3.1 kg per tree (Mols and Visser 2002). Integrated pest 

management (IPM) involves natural processes such as predation playing roles in the pest-

reduction that farmers need to have a healthy crop. Birds are an important part of an IPM system, 

providing a powerful effect on the productivity of fields, as the coffee and orchard studies 

demonstrate. This economic value of birds in the landscape is a powerful incentive for finding 

ways of attracting birds to farm plots. We predict that improved bird diversity recorded on the 

farm will result in improved yields, and that bird and tree diversity can be correlated.  

MATERIALS AND METHODS 

Description of Study Site 

This study was conducted in Arusha Region of north-central Tanzania, and area which borders 

Kenya to the north. Mount Meru rises from the plains of northern Tanzania, and its unique 

topography makes the region a center for small-scale agriculture. Fertile volcanic soils and 

elevation-determined rainfall predispose the land toward productive farming. To the west of the 

city of Arusha itself is the trading town of Ngaramtoni, which has begun to merge with the city 

of Arusha due to urban sprawl. The coordinates of the study site were centered around latitude 

3°17'21.9"S and longitude 36°37'55.7" E. The farms were surveyed during August 2017, during 

the dry season. Average temperatures in August range from 12 degrees to 22 degrees Celsius, 

and the air is very dry, with the last rains having fallen two months prior. August is the very end 

of the growing season and the beginning of the harvest season, which concludes in the first 

weeks of September.  



 

   

Surveys occurred within the Afromontane Dry Transitional Forest. This zone is found on dry 

lower slopes of East African mountains. It is also found in uplands associated with Somalia-

Masai bushlands (Kindt et al. 2015). Characteristic species found here include the Nile Tulip or 

siala tree (Markhamia lutea) and the croton (Croton megalocarpus). Agricultural activity and 

deforestation have changed the vegetation composition of the region; therefore, only small 

fragments of Afromontane Dry Transitional Forest remain (Kindt, et al. 2015). Maize cash-crop 

agriculture is dominant due to the rich soils. The study site lies close to the border transition for 

this vegetation zone, and neighboring farms outside of the border were excluded from the study. 

Before implementation in the community of Ngaramtoni (subvillage of Seuri), permission to 

survey was first sought from the village elder, or mwenyekiti. Twelve hand-cultivated farms in 

the Seuri subvillage were surveyed spanning an end-to-end distance of 4 km total. Each of the 

farms were dominated by maize (Zea mays), but every field was also intercropped with other 

species, primarily legumes. All surveyed farms had a standing crop of maize.  

Methods 

Avian surveys were conducted at 9:20 am ± 20 minutes via point-counts in which all of the birds 

visible within 360° of the point were recorded. Birds of East Africa by Terry Stevenson and John 

Fanshawe (2004) was used for the positive identification of these species. The start of the first 

point count began at 9:20 am ± 20 minutes. This was in an effort to balance the earliest human 

capacity to travel to the farm with the highest behavioral activity of the local bird species, which 

are consistently more active during morning hours than during midday or afternoon. 

Trees immediately at the edge of the field, or found within the field, were indexed, taking into 

account both the abundance and range of species present. To the identity the species, Najma 



 

   

Dharani’s Field Guide to the Common Trees and Shrubs of East Africa (2011) was consulted, 

and if a positive identification was not forthcoming, expert staff members at ECHO East Africa, 

a locally-based conservation agriculture NGO, provided identifications. All notations for birdlife 

and trees were taken on paper data sheets and transcribed upon return to the office. 

Pest prevalence was assessed qualitatively. Through the use of a sheet of random numbers from 

1- 20 and a compass, the number steps to be taken in each cardinal direction within the field 

were determined. After walking in the fourth direction, the plant found in front of the surveyor 

was assessed. With the assistance of another investigator, the plant was visually assessed from 

tassel to roots, and the observations were recorded in a sound file. Any insect pests or evidence 

of arthropods (webbing, feces, damage to the plant) was described, and non-invasive checking 

under husk leaves revealed any insects that were not immediately apparent. These data were then 

transcribed. 

Each farmer whose farm experienced a biodiversity assessment of birds and trees was also 

interviewed orally regarding cropping practices and general demographic information. A data 

sheet directed and standardized which information was collected from the respondent. Tanzanian 

university students assisted in the oral administration of the survey, in an effort to ensure 

accuracy of comprehending respondents’ answers. Additionally, these assistants acted as cultural 

brokers, allowing for the farmers to feel more comfortable during the survey process. Generally, 

the survey took between 30 and 45 minutes to complete, depending on the extent of the farmer’s 

response. The content of each interview was focused on the farmer’s experience of farming as 

well as their cropping approach. Demographic data such as age were collected alongside 

historical data on when they personally began farming and when their farms were converted 

from forest to farmland for the first time. Cropping approaches included the primary crops 



 

   

grown, what they perceive the top pests to be, whether or not chemical inputs are used, and yield 

from the farm.  

RESULTS 

General Farm Results:  

Every farm in the study area was organic, with no farmers reporting any use of fertilizers or 

pesticides. All cultivation was performed by hand. The farmers interviewed cultivated a total of 

19.1 acres of land, ranging from 0.3 acres to 4 acres, and averaging 1.6 acres per farmer.  

Avian Survey Results: 

718 individual birds were recorded in the avian point-count surveys, with 38 species total seen 

during the survey period. Most (n=218, 30.4%) of the individual birds seen were the Pied Crow 

(Corvus alba), followed by Baglafecht Weavers (Ploceus baglafecht) (17.6% , n=126). Bird 

species richness ranged from 4 to 13 species, averaging 10.8 species per farm.  

Figure 1: Summary Results of Avian Survey 

Site #: 
Site Area 

(acres) 
Bird species 

total: 
Bird records 
total on site: 

Bird Population Density 
(birds/acre) Shannon: 

2A 0.33 10 54 163.6 1.634 
3A 0.34 10 45 132.4 1.679 
4A 0.24 12 59 245.8 1.967 
5A 0.19 10 28 147.4 2.175 
6A 0.28 14 92 328.6 1.781 
7A 0.26 12 50 192.3 2.105 
8A 0.83 4 50 60.2 0.662 
9A 0.25 9 23 92.0 1.978 

10A 0.89 12 42 47.2 2.017 
11A 0.55 11 49 89.1 1.845 
12A 0.66 13 144 218.2 1.832 
13A 0.30 12 82 273.3 2.23 

 



 

   

Figure 2: Most-abundant Bird Species in Avian Survey 

 

Tree Index Results: 

Tree species richness ranged from 1 to 20 species, averaging 9.83 species per farm. I saw a total 
of 48 tree species across all survey sites. The most common species observed was the Australian 
silky oak (Grevellia robusta) with 543 unique counts, followed by native croton (Croton 
megalocarpus), recorded 49 times. 888 total trees were seen across the farms, and thus 61.1% of 
all trees species were Grevellia robusta.  

Figure 3: Summary Results of Tree Index 

# Species Seen Total Sightings Average Per Farm Average per Watch-Hour 
1 Corvus alba 236 18.2 29.5 
2 Ploceus baglafecht 126 10.5 15.75 
3 Colinus striatus 39 3.25 4.88 
4 Streptopelia 

semitorquata 
35 2.92 4.38 

5 Merops bullockoides 29 2.41 3.625 

Site #: 
Site Area 
(acres): 

Tree species 
total: 

Tree records 
total: 

Tree population 
density (trees/acre): Shannon: 

2A 0.33 8 92 278.8 1.302 
3A 0.34 11 60 176.5 1.752 
4A 0.24 13 70 291.7 2.183 
5A 0.19 13 87 457.9 1.677 
6A 0.28 8 81 289.3 1.284 
7A 0.26 5 61 234.6 0.529 
8A 0.83 1 108 130.1 N/A 
9A 0.25 6 31 124.0 1.399 

10A 0.89 14 52 58.4 1.806 
11A 0.55 8 139 252.7 0.679 
12A 0.66 7 39 59.1 1.705 
13A 0.30 20 68 226.7 2.588 



 

   

Figure 4: Most-abundant Tree Species in Tree Survey 

 

Pest Prevalence Results: 

Primary arthropod pests were aphids (Genus Aphidoidea), European earwigs (Forficula 

auricularia), and corn borer (Ostrinia nubilalis). Aphids and earwigs were both found in 9 of 12 

fields (75%), and species of caterpillars (some of which were O. nubilalis) were seen in 6 of 12 

fields (50%). Other problems including fungus, phosphorus deficiency (evidenced by russet leaf 

coloration), and moles (family Spalacidae) were found to be affecting the fields. In two 

instances, Baglafecht Weavers (Ploceus baglafecht) were seen to be predating the corn crop 

itself within the field of vision of the point-count surveyor.  

Farmer Interview Results:  

Farmers interviewed (n=12) ranged in age from 29 to 65 years old, with an average age of 44.25 

years. Every farmer grew maize (Zea mays), and each intercropped with beans (Phaseolus 

vulgaris) as well. 41.6% (n=5) also reported that they intercropped with pigeon pea (Cajanus 

cajan) in the field. On the smallholder farms, 25% also reported growing sunflowers, and 8.5% 

(n=1) reported growing each of pumpkin greens, bananas, and lablab (respectively, Cucurbita 

maxima, Musa acuminata x balbisiana, and Lablab purpureus). 91.6% (n=11) did not practice 

crop rotation of any type—they intercropped beans and maize in the same plot season after 

# Species Seen Total Sightings Average Per Farm Average per Acre 
1 Grevellia robusta 543 45.3 105.8 
2 Croton megalocarpus 49 4.08 9.55 
3 Musa acuminata x 

balbisiana 
39 3.25 7.60 

4 Senna spectibilis 34 2.83 6.63 
5 Jacaranda 

mimosifolia 
28 2.33 5.46 

6 Croton 
macrostachyus 

28 2.33 5.46 



 

   

season. Ten out of 12 farmers (88.5%) reported that they viewed insects as a primary agricultural 

pest. 88.5% (n=10) of farmers responded that they had planted the trees surrounding their field. 

The 9 farmers who knew when their crop fields were converted to farmland reported a range of 

12 to 100 years since cultivation first began on their land, with an average among the 9 farms of 

46.4 years of cultivation. Eleven farmers responded about how long they have been on their 

current piece of land, with a range from 1 to 40 years of cultivation, averaging 17.8 years.  

DISCUSSION 

The hypothesis originally intended in this research was not able to be effectively ascertained 

because of generalized, imprecise reporting of crop yields by the farmers, some of whom thought 

back to their best yields while others just described the previous growing season. Linguistic 

limitations prevented clarification with the respondents during the survey, and once the data were 

analyzed, no clear relationship between biodiversity of the field and the crop yield was found. 

Farmer average age reported above was 44.25 years, which is quite high given the demographic 

trends in Tanzania. If this is representative of the nation as a whole, it is likely that drastic 

measures will need to occur to involve young people in the process of farming, or the country 

may face difficulties with food production. That the majority did not use any pesticides or 

fertilizers indicates that soil health may be improved in their field, providing a richer feeding 

ground for insectivorous birds. Migratory species rely on the presence of insects after completing 

their migration, so these fields could assist in their feeding ecology upon arrival. A remarkably 

high number of farmers reported that they were responsible for planting the trees around their 

field, which is especially surprising given that several farmers volunteered the information that 

they do not own the plot of land that they farm. This demonstration of personal agency and 

investment in the landscape offers hope for the regeneration of biodiversity, and may be a way to 



 

   

introduce species of trees that were historically prevalent in the area but have diminished due to 

agriculture.  

In both the birds and tree species seen, there is a very large gap between the most-abundant 

species and those that were next-highest in prevalence. This is a clear loss of biodiversity as the 

landscape is dominated by fewer generalist species rather than a more even distribution of 

specialist species. 

The summary tables above (Figure 1, Figure 3) demonstrate the results of all observations. Of 

note is that site 13A has the highest Shannon Index ratings among all study sites for both birds 

and trees (Shannon: 2.230, 2.588 respectively). Site 5A contained the second-highest avian 

diversity (Shannon: 2.175) while Site 4A had the second-highest tree diversity (Shannon: 2.183). 

Tree surveys revealed that the Australian silky oak, Grevellia robusta, was by far the most 

prevalent species found in the region, accounting for 61% of all trees observed. 

Some of the limitations of the researcher resulted in species not being positively identified, and 

the table below with the most prevalent bird species only counts those which were positively 

identified. Another observer with deeper experience in the birdlife or northern Tanzania may 

come to different conclusions with a richer base of positive identifications.  
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SUPPLEMENTARY MATERIALS/APPENDICES 

APPENDIX I: Permission to Research from Village Official 

 

 

 

 

 

 

 

 

 

 



 

   

APPENDIX II: Survey Form in Swahili

 



 

   

 

 

 



 

   

APPENDIX III: Survey Form in English 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 



 

   

APPENDIX IV: Map of Survey Sites (Subvillage Seuri, Ngaramtoni, Arusha, Tanzania) 

 


