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Minute pirate bug (Oriusspp.) feeding on 
Retroacizziamopani, the Mopani Psylla

Mopani Psylla(Retroacizziamopani)
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Production costs

± R 55000 /ha /year (31 % of gross income)

Wages = 43 % ...

Chemicals aimed at pest and disease control = 12 % ... 

Oil, diesel and petrol = 10 % ...

Fertilizer = 9 % ...

Electricity = 8 % of the total production cost



Control strategy

ÅMonitor, apply control, monitor

ÅChemicals in combination with biology

ÅIntegrated system

© Merlin Tuttle
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Control strategy

ÅMonitor, apply control, monitor

ÅChemicals in combination with biology

ÅIntegrated system
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Integrated pest management

ÅUnderstand the pest-dynamics
1. PhD study on the physiological biology of the two-spotted stink bug 

(in progress)
2. Honoursstudy describing the developmental stages of the two-spotted 

stink bug (in progress)

ÅControl pests effectively & increase macadamia yield
ÅPollination services

3. Primary study on the negative effects of imidachlopridused commercially 
in macadamia orchards (completed)

4. Masters study on pollination services in and around macadamia orchards 
(in progress)

ÅResistance management & physical barriers
5. Monthly study groups: information sharing (ongoing)
6. PhD study on two-spotted stink bug population genetics & describing the 

resistance that exists against common actives used on the farms 
(in progress)

7. Honoursstudy on insecticide-impregnated nets to control stink bug 
nymphs (completed)

ÅBiological services
8. 2x PhD studies on bats as biological control agents (completed)
9. Honoursstudy on mating disruption to control macadamia nut borer 

(completed)
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Biological control of stink bugs

ÅBats and birds are known ecosystem service 
providers

ÅHigh pest pressure on macadamia industry; 
economicloss of stink bugs to the South African 
industry of USD 6,823,827 (2017) or R 8 275 
/ha/season

ÅExtensive spraying regime



ÅFeed on major macadamia pest insects
ÅGreen vegetable bug, Nezaraviridula

ÅTwo spotted stink bug, Bathycoeliadistincta

ÅMacadamia nut borer, Cryptophlebiabatracopha

ÅPotentially decrease insect 
damage & increase profits

ÅNatural vegetation a source 
for biodiversity and 
service providers

Crisol-Martinez et al. 2016. Using Next-Generation Sequencing to 
Contrast the Diet and Explore Pest-Reduction Services of Sympatric 
Bird Species in Macadamia Orchards in Australia. PLoSONE 11(3)

Weieret al. 2019. Insect pest consumption by bats in macadamia 
orchards established by molecular diet analyses. Global Ecology and 
Conservation.

Bats as biocontrolagents



Ecosystem services and disservices by 
birds, bats and monkeys

The ecological disservice (crop raiding) effect by 
monkeys was outweighed by the biological control 

service provided by bats
Ecological services and disservices were 

promoted by natural vegetation 

Exclusion of bats and birds resulted in yield drops of up 

to 60% or losses of ± R 67 500 /ha /season 
(37.5 % of gross income)

The exclusion of monkeys increased yield up to 26% and 
income of ± R 21 600 /ha /season (12 % of gross income)

Linden et al. 2019, Journal of Applied Ecology, 56:2069ς2078
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Impacts of agricultural intensification in 
macadamia orchards on functional 

diversity of bats using acoustic surveys



High diversity
rare bat finds are common!

Taylor et al., 2015. Rediscovery of the ñextinctò Transvaal free-tailed bat (Tadarida ventralis africana) in South Africa, with an additional record of 

the Malagasy free-tailed bat (T. fulminans) from northern Mozambique. Durban Museum Novitates 38: 50-55.

Taylor et al., 2019. Integrative taxonomy resolves species limits and identification of cryptic small rhinolophid bats in Southern Africa, with the 

description of three new species from Mozambique. Zoological Journal of the Linnean Society 184 (4): 1249ï1276



Impacts of natural habitat removal

ÅClutter-feeder bats were not active in macadamia 
orchards

Linden 2019. The influence of local and landscape management on ecosystem services and disservices in macadamia orchards in 
South Africa. PhD thesis, University of Venda, Thohoyandou 

Activity in Macadamia orchards
Species richness



Impacts of natural habitat removal

ÅClutter-feeder bats were not detected in 
macadamia production regions

ÅHymenoptera abundances in macadamia orchards 
were lower at human-modified than natural 
habitats

Linden 2019. The influence of local and landscape management on ecosystem services and disservices in macadamia orchards in 
South Africa. PhD thesis, University of Venda, Thohoyandou 

Natural edge

Human-modified edge
























