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Biological Control with natural enemies

 Biological control can be"natural" and "applied" 
 Natural biological control = reduction of the 

population of a pest species by its natural enemies, 
without any human manipulation

 Applied biological control = reduction of the 
population of a species by natural enemies 
manipulated by humans



Why Biocontrol

 Field exploitation of natural 
enemies to suppress pest 
populations

 Parasitoids and predators 
actively search for hosts and 
are self perpetuating hence 
biocontrol becomes a 
permanent future in the 
agroecosystem

 High benefit to cost ratio 
when established



 FAW parasitoids are naturally active in maize 
agroecosystems, averaging 50% parasitism

Mortality due to some parasitoids may be high 
enough to reduce the number of insecticide sprays

Works best in an integrated approach, with 
monitoring of populations and deployment of 
different control strategies that don’t rely on 
pesticides to conserve natural enemies

 In the USA, Cotesia  marginiventris and Chelonus
insularis account for about 50% parasitism of S. 
frugiperda larvae

The case for biological control with natural enemies



Types of Biological Control

 Classical biocontrol = exotic species of natural 
enemies imported from native home of the exotic 
species and released into a new area where native 
natural enemies do not provide adequate control

 Augmentation = enhance "population increase" of 
certain species through massive production and 
release in the area where the control of the pest is 
desired. 

 Conservation = conserving adapted natural 
enemies present in a region through making the 
environment more favourable



Types of natural enemies

 Parasitoids: at least one of their life stages is 
intimately associated with the pest, treated as a 
host of the natural enemy

 Predators: are never intimately associated with the 
insect pest, treated in this case as prey



Parasitoids

 Egg parasitoids-place their eggs inside the pest 
egg and only leave when they (parasitoids) reach 
adulthood. The kill the pest in the process

 Larval parasitoids-Females place eggs inside the 
body of the host caterpillar and develop until the 
larval period, then leave the body of the host, 
killing it. 

 Pupa parasitoids-enter the larval stage of the 
pest, but cause mortality of the host insect when 
it is in the pupa stage



In and Out of Africa:
Effective parasitoids in the native home of S. 

frugiperda



Parasitoids targeting the eggs of S. frugiperda



Trichogramma spp. (Hymenoptera: 
Trichogrammatidae)

 Small insects, with 
dimensions smaller than 
1mm. 

 Females oviposit inside the 
egg of the host.

Within a few hours larvae 
emerge and feed on the 
contents of the host's egg. 



Trichogramma spp. 

 The whole cycle of the 
parasitoid is spent inside the 
pest egg. 

 The total cycle of the parasitoid 
is about 10 days. 

 Soon after emergence, the 
adult wasp immediately begins 
the process of searching for a 
new egg mass to continue the 
propagation of the species.



Trichogramma spp. parasitizing spodoptera
eggs



Trichogramma pretiosum, T. atopovirilia

 Reported to be effective in 
Brazil where in use. 

 Good results in 
conjunction with 
pheromone based ET



 FAW co-evolved egg
parasitoid

 120-130 eggs parasitized 
over lifetime

 Parasitism rates above 80%

Telenomus remus (Hymenoptera: Scelionidae)



Telenomus sp.

 Adult is larger than 
Trichogramma spp and 
measures between 0.5 
and 0.6mm in length and 
features a black and 
shiny body 

 Starts seeking to oviposit 
within 12 hours; larval 
period around five days 
and pupal period of five 
days.



Telenomus sp.

 Adults perforate a small hole in the host egg's 
chorion through which it emerges. 

 After emergence the males remain on the mass of 
eggs in which emerged or seek other parasitized 
masses. 

 This parasitoid presents high specificity for S. 
frugiperda and its females parasite more than 250 
eggs during its life.



Can parasitize between 80-100% of the eggs in a 
mass

Female wasp stinging FAW eggs

L. Buss - UF

Female wasp stinging FAW eggs

L. Buss - UF

Telenomus remus parasitizing spodoptera eggs



Telenomus remus parasitizing spodoptera eggs



Parasitoids targeting the larvae of S. frugiperda



 FAW co-evolved
parasitoid

 Larval parasitoid
 Developing 

parasitoid larva kills 
4th & 5th instar 
FAW

 600 offspring per 
female

Chelonus insularis (Hymenoptera: Braconidae)



Chelonus insularis

 The wasp measures about 20 mm in wingspan. 
 The female lays her eggs inside the eggs of S. 

frugiperda. 
 Unlike the Trichogramma and Telenomus species, 

the parasitized S. frugiperda egg passes hatches to 
larvae, within it the parasitoid species. 



Chelonus insularis

 The parasitic larva 
gradually decreases 
food intake, until it is 
killed by the larva of 
the parasitoid. 

 The larval period of 
the parasitoid varies 
from 17 to 23 days.



 FAW co-evolved
parasitoid

Mainly larval endo-
parasitoid

 200-300 offspring per 
female

 Better competitor than 
Chelonus insularis

Cotesia marginiventris



Cotesia sp. (Hymenoptera: Braconidae)

 Adults of Cotesia are small wasps 3 to 4 mm in 
length and live for approximately 2 days

 It is a species of gregarious endo parasitoids ie the 
females deposit multiple eggs in the body cavity of 
the host. 

 On average, a single female lays about 40 eggs in 
each pest larva. 

 About three days later, the larva of the parasitoid 
enters the body of the pest, passing through three 
instars larvae inside the host larva. 



Cotesia sp.

 The egg to larval period 
of the parasitoid lasts 
approximately 14 days. 
After leaving the host, the 
last instar larvae weave a 
cocoon and turn into a 
pupa. 

 The pupal period takes 
approximately six days, at 
the end of which the 
adults emerge



Campoletis sp. (Hymenoptera: Ichneumonidae) 

 Female lays its eggs inside first and second instars 
of S. frugiperda

 Larva completes its entire cycle feeding on the 
internal contents of the host.

 The total cycle of the parasitoid is 23 days



Parasitoids of larger larvae

Winthemia trinitatis



Campoletis sp.

 The parasitized caterpillar changes its behavior 
and, as the larval stage of the parasitoid 
approaches to pupal stage, the larva of S. 
frugiperda exits the maize whorl, moving towards 
the higher leaves, remaining in this place until 
death. 

 The larva of the parasitoid leaves the caterpillar's 
body through its abdomen, killing it to build its 
cocoon in the external environment. 



Some FAW Predators

 Posidius sp
 Ladybird beetles
 Harmonia sp



Some FAW Predators-Earwigs

 Doru luteipes
 Euborellia annulipes



Stem borer parasitoids native to Africa: 
adaptations, new associations ?

 A thorough inventory of the native fauna prior to 
any new introduction needed

 Several native parasitoid species
 Telenomus sp. (Hym: Platygastridae)(10 species 

known from African stem borers)
 Chelonus sp. (Hym: Braconidae)(2 species known 

from African stem borers)
 Several Cotesia species
 New association or previous releases in Africa?



Telenomus spp. Host Distribution

T. procas Antigastra catalaunalis Senegal, Sudan

T. nemesis Chilo orichalcociliellus Ghana, Kenya, Mozambique, Senegal

T. busseolae Busseola fusca, Sesamia 
spp., Coneista ignefusalis 

Cameroon, Egypt, Ghana, Kenya,  Nigeria, 
Reunion, Senegal, South Africa, Sudan, 
Uganda

T. creusa Chilo diffusilineus Malawi

T. bini Maliarpha separratella, 
Chilo spp., Scirpophaga 
spp. 

Ghana, Ivory Coast, Madagascar, Malawi, 
Senegal, Tanzania.

T. thestor Chilo orichalcociliellus Ivory Coast, Kenya, Senegal, Uganda, Zaire

Egg parasitoid, Telenomus spp.  reported in 
Africa 



Telenomus spp. Host Distribution

T. soudanensis, Chilo zacconius Niger

T. nephele Scirpophaga melanoclista, S. 
occidentella, S. subumbrosa

Cameroon, Ghana, Ivory Coast, Malawi, 
Mali, Senegal.

T. etielliphaga Etiella zinckenella, Senegal

T. applanatus Eldana saccharina Gabon, Ghana, Ivory coast

T. versicolor Scirpophaga melanoclista Ghana, Ivory Coast, Malawi, Senegal

Egg parasitoid, Telenomus spp.  reported in 
Africa 



Egg parasitoid, Trichogramma spp.  reported in 
Africa 

Trichogramma spp. Host Distribution

Trichogramma
bourarachae

Helicoverpa armigera Morocco

Trichogramma bournieri Chilo partellus Comoros, Kenya, 

Trichogramma 
cacoeciae

- Morocco

Trichogramma chilonis Eldana saccharina, Busseola 
fusca,
Chilo partellus

South Africa

Trichogramma
ethiopicum

- Cameroon



Egg parasitoid, Trichogramma spp.  reported in 
Africa 

Trichogramma spp. Host Distribution

Trichogramma evanescens Chilo Agamemnon,
Helicoverpa armigera,
Pectinophora gossypiella,
Spodoptera littoralis

Egypt, Madagascar

Trichogramma japonicum Chilo partellus Malawi

Trichogramma kalkae Diopsis macrophthalma Malawi

Trichogramma sp. nr kalkae - Zimbabwe

Trichogramma kayo - Sudan

Trichogramma mandelai Diparopsis watersi Chad



Trichogramma spp. Host Distribution

Trichogramma sp. mwanzai Chilo diffusilineus, Chilo
partellus, Busseola fusca, 
Eldana saccharina,  Sitotroga
cerealella

Malawi, Kenya

Trichogramma ostriniae Busseola fusca, Chilo partellus South Africa

Trichogramma papilionidis Angola

T. Pretiosum Apple leaf roller South Africa

Trichogramma pinneyi Diopsis macrophthalma Malawi

Egg parasitoid, Trichogramma spp.  reported in 
Africa 



Egg parasitoid, Trichogramma spp.  reported in 
Africa 

Trichogramma spp. Host Distribution
Trichogrammatoidea
eldanae

E. saccharina, 
Sesamia calamistis

South Africa, Nigeria,  
Kenya

Trichogrammatoidea
lutea

C. partellus, 
B. fusca, 
H. armigera, 
H. armígera

South Africa, Kenya,
Ivory Coast, Ethiopia, 
Mali, Mozambique, 
Senegal

Trichogrammatoidea
simmondsi

Diopsis acrophthalma,
C. partellus, T. 
lecotreta, H. armigera, 
Atherigona soccata

Malawi, South Africa, 
Kenya, Burkina Faso



Other FAW Parasitoids Reported from Africa 

Parasitoid Species Distribution
Cotesia marginiventris Central  African Republic 

and Egypt. (CABI)
Telenomus nawai Introduced to Egypt in 

1936-37 from Hawaii

Chelonus insularis South Africa and Egypt. 
(CABI)

Telenomus spodopterae Introduced to Egypt in 
1940



Species Hosts biology Distribution
Cotesia sp.novel
(borgemeisteri)

Parasitoid on S. littoralis Yatta, Mwea, 
Thika, Kitengela

Charops ater 12 days to spin cocoons, 11 
days to emerge (23 days)

Yatta, Mwea, 
Thika, Kitengela, 
Limuru

Coccigydium
luteum

Parasitoid on S. littoralis and 
S. exigua

Yatta, Kitengela

Chelonus
curvimaculatus

21 days to spin the cocoon 
then 7 days to adult (28 
days)

Yatta

FAW parasitoids recently recorded from FAW in 
Kenya



Cotesia sp. nov (borgemeisteri)



 Randomly collect samples of representative host 
life stages eg egg masses, healthy and sick larvae

 Place larvae samples individually in cooler box
 Label the samples in the lab and provide food in 

plastic vial with thin mesh
 Count the number of larvae from where 

parasitoids emerge
 Store the parasitoid cocoons until emergence and 

keep parasitoid in ethanol for identification
 The difference between parasitized larvae and 

larvae that hatch into adults = % parasitism

Scouting for FAW parasitoids



 A combination of biological, cultural and other 
alternative control measures to chemical control, 
reducing gradually the use of pesticides

 Biological control is an integral component of IPM
 Chemical sprays cause biological imbalances due to 

the drastic reduction of natural biological control 
agents. Need for repeat applications

 The use of biopesticides is recommended as they 
are more compatible with biological control

 Use EIL to inform the need for pesticide sprays

Biological control and IPM



Decision making for FAW IPM viz Biological Control



Biological control is not compatible with insecticides



Factors that may influence efficacy of parasitoids

 The presence of scales/hairs over the egg masses 
act as a barrier against parasitism 

 Use of chemical pesticides that are highly toxic to 
the host species of the parasitoid

 It is essential to know the species/strains present 
in the agro-ecosystem for effective biological 
control strategy (Rice v Maize strain)

 Plant crops that provide shelter, alternative 
feeding and conditions for multiplication of 
beneficial species 
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