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Ecosystem 
Services

Provisioning services

Supporting services

Regulating services

Cultural services
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Ecosystem services

https://roa.midatlanticocean.org/ocean-ecosystem-and-resources/characterizing-the-mid-atlantic-ocean-ecosystem/ecosystem-services/
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Ecosystem services

https://roa.midatlanticocean.org/ocean-ecosystem-and-resources/characterizing-the-mid-atlantic-ocean-ecosystem/ecosystem-services/

Control of crop pests and 
diseases in agroecosystems
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Biological control
�‡ the use of an organism to reduce the 

population density of another 
organism*

�‡ is the most successful, most cost 
effective and environmentally safest 
way of pest management*

�‡ Tactics of BC:
�‡ Conservation

�‡ Augmentation

�‡ Importation (classical BC) 

van Lenteren JC (ed) (2012) IOBC Internet Book of Biological Control �±Version 6. 
http://www.iobc-global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf 

Unruh TR (2017) Biological control. In: Orchard Pest Management Online. Tree 
Fruit Research & Extension Center, Washington State University. Available at 
http://jenny.tfrec.wsu.edu/opm/displaySpecies.php?pn=-40

*
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Biological versus Chemical control

van Lenteren JC (ed) (2012) IOBC Internet Book of Biological Control �±Version 6. http://www.iobc-
global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf 
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Value of biological control

van Lenteren JC (ed) (2012) IOBC Internet Book of Biological Control �±Version 6. http://www.iobc-
global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf 

417 US$/ha 
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Tritrophic interactions and biological control

Pappas, M. L., Broekgaarden, C., Broufas, G. D., Kant, M. R., Messelink, G. J., Steppuhn, A., Wäckers, F. and van Dam, N. M. (2017), Induced plant defences in 
biological control of arthropod pests: a double-edged sword. Pest. Manag. Sci. doi:10.1002/ps.4587
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Herbivore �æinduced plant volatiles and tritrophic interactions across spatial scales

New Phytologist
2016-23131, 14 FEB 2017 DOI: 10.1111/nph.14475
http://onlinelibrary.wiley.com/doi/10.1111/nph.14475/full#nph14475-fig-0002

HIPV

http://onlinelibrary.wiley.com/doi/10.1111/nph.14475/full#nph14475-fig-0002
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Herbivore �æinduced plant volatiles and tritrophic interactions across spatial scales

New Phytologist
2016-23131, 14 FEB 2017 DOI: 10.1111/nph.14475
http://onlinelibrary.wiley.com/doi/10.1111/nph.14475/full#nph14475-fig-0003

Patch scale

Plant scale

Landscape scale

http://onlinelibrary.wiley.com/doi/10.1111/nph.14475/full#nph14475-fig-0003
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Biological control is dependent on 
functional biodiversity 



Functional biodiversity

�µ�µpart of the total biodiversity composed of clusters of 
elements (at the gene, species or habitat level) 
providing the same (agro)ecosystem service, that is 
driven by within-cluster diversity�¶�¶

Moonen A-C, Bàrberi P (2008) Functional biodiversity: an agroecosystem approach. 
Agriculture, Ecosystems and Environment 127: 7�±21



Ecological infrastructure

Any infrastructure , existing
within the farm or in a range of
about 150 m, with ecological
value for the farm and which
can increment functional
biodiversity



IOBC wprs standards for 
Integrated Production

Ecological infrastructures

Must cover at least 5% of the entire farm surface(excluding 
forests), to enhance functional biodiversity.

Baur, R., Wijnands, F. and Malavolta C (eds.) (2011) Integrated 
production �±Objectives, Principles and Technical Guidelines. 
IOBC/WPRS Bulletin, Special Issue



Greening (2013 CAP reform)

Farmers who use farmland more sustainably and care 
for natural resources as part of their everyday work 
benefit financially.

These require action each year, including:
�‡ diversifying crops
�‡ maintaining permanent grassland
�‡ dedicating 5% of arable land to 'ecologically beneficial 

elements' ('ecological focus areas').

Reg.(EU) n.º 1307/2013



Beneficial organisms
�„ Resources /habitats needed in the

agroecosystem :

�„ Refuge habitats
�„ Overwintering habitats
�„ Alternative hosts/prey
�„ Food sources, e.g., nectar, pollen, honeydew

�„ Reproduction habitats
�„ Dispersion habitats (e.g., many beneficial 

organisms have limited capacity of dispersion)



�„ Food
�„ pollen
�„ nectar
�„ plant sap
�„ alternative hosts/prey

�„ Refuge habitats
�„ Reproduction habitats
�„ Dispersion habitats

Resources delivered by
plant ecological infrastructures



Impact of plant ecological infrastructures on
beneficial arthropods depends on their
feeding regime

�„ Three types of omnivory*:

�„ 1) Life-history omnivory
�„ 2) Temporal omnivory
�„ 3) Permanent omnivory

* Wäkers FL, van Rijn PCJ (2013) Food for protection: an introduction. In: Wäkers FL, van Rijn PCJ ,    
Bruin J (eds.) Plant-provided food for carnivorous insects: a protective mutualism and its implications. 
Cambridge University Press, Cambridge, pp 1-14



Evolutive omnivory

Larva
carnivore

X
X
X
X
X
X
X

Nymph
herbivore
Plant sap

Adult
herbivore

nectar pollen
nectar pollen
nectar
nectar
nectar

fruit
nectar
nectar pollen

Adult
carnivore

X

Neuroptera
Diptera

Hymenoptera

Coleoptera

Hemiptera

Chrysopidae
Syrphidae
Cecidomyiidae
parasitoids
Vespidae
Formicidae
Meloidae

Pentatomidae

Feeding regime depends on the development stage



Temporal omnivory

Larva
carnivore

X

X
X

Imature
carnivore
herbivore

pollen

Adult
carnivore + herbivore

nectar

seeds
nectar pollen

Adult
carnivore

X

Hymenoptera

Coleoptera

Araneae

Parasitoidswhich
feed on the host
e.g., 
Ichneumonidae, 
Braconidae
Cicindelidae
Cantharidae

Araneidae

Herbivory as predation supplement



Permanent omnivory

Adult & larva
carnivore + herbivore

nectar pollen
plant sap
plant sap
plant sap

pollen
nectar pollen

pollen leaves

nectar

pollen

seeds

Acari: Mesostigmata

Hemiptera

Neuroptera

Thysanoptera

Coleoptera

Phytoseiidae
Pentatomidae
Miridae
Geocoridae
Anthocoridae
Chrysopa, 
Hemerobiidae
Aeolothripidae, 
Phlaeothripidae
Coccinellidae

Carabidae



Impact of ecological infrastructures on
beneficial arthropods

�„ 1) Evolutive omnivory

�„ 2) Temporal omnivory
�„ 3) Permanent omnivory

�‡ Increase of longevity
�‡ Increase of fecundity

�‡ Less clear effects

True omnivores
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The capacity of dispersion in animals
is limited

Mean distance
among ecological
infrastructures

50 m

150 m

300 m

> 300 m

Majority of
beneficial 
organisms

�³Stepping-stones�´



Cover crops

Examples of ecological infrastructures
composed by plants





hedges & 
field margins

E.J.P. Marshall EJP, Moonen AC (2002) Field margins in northern Europe: their functions and interactions with agriculture. Agriculture, Ecosystems and Environment 89: 5�±21





Old trees

Predatory
birds

bats

Insectivore
birds



Wood or stone piles

birds

mammals

amphibians

Other ecological infrastructures



Stone walls

birds

reptiles

mammals



http://essps.pt/01_ESSPS_PORTAL_WEB/_NOVO/ARQUIVO/2009_2010/chapim_e
scola_secundaria_sps/chapim_escola_secundaria_sps-.htm#ESCOLA_

California Agriculture 62(4):131- 132.

Bat boxes

Artificial nests



Network of ecological infrastructures

�„ Three basic elements, with different functions: 

�„ 1) Permanent habitats , of large dimension

�„ 2) Temporary habitats , of small dimension

�„ 3) Ecological corridors ,  with more or less linear structure,  
favoring the dispersion of animal speciesbetween permanent
and temporary habitats



Ruderal areas

Forest

Traditional orchards

Meadows and 
pastures

Permanent habitats

Examples:



stone piles

wood piles

small woods

patches of trees and
shrubs

puddles

Temporary habitats
Examples:

stone walls



Rural pathshedges

Riparian bands

Cover crops

Ecological corridors
Examples:
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Possible use of agrobiodiversity 
information in biological control
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�‡ The ladybird H. axyridis is very effective biocontrol 

agent of different insect pests

�‡ Native of the east of Palaearctic region

�‡ However, during the last 30 years it has successfully 

invaded non-target habitats in North America (1988), 

Europe (1999), and South America (2001) 

Predicting the potential distribution of a biocontrol agent:
the case of the harlequim ladybird, Harmonia axyridis (Coleoptera, Coccinellidae)
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Camacho-Cervantes et al. (2017), From effective biocontrol agent to successful invader: the harlequin ladybird
(Harmonia axyridis) as an example of good ideas that could go wrong. PeerJ 5:e3296; DOI 10.7717/peerj.3296
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History of world dispersion

Roy et al (2016) Biol Invasions18:997�±1044
DOI 10.1007/s10530-016-1077-6
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Potential distribution: 
based on CLIMEX

Observed distributionEcoclimatic Indice (EI)  - climatic suitability
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Potential distribution: based on Bioclim parameters 
with Maxent

J. Appl. Entomol. 136 (2012) 109�±123
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I - Based on known native occurrence only
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II - Based on known European invasive occurrence only
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III -By combining both previous approaches
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Bidinger et al (2012) concluded that:

�‡ Species Distribution Models (SDM) based on known 
European invasive occurrence only match the observed 
European invasive range better than the other two SDMs

�‡ possibility of within-species climate niche variation
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Other possible uses related with
biological control
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http://www.tutaabsoluta.com/

Risk assement for an invasive insect pest:
the case of the tomato leaf miner, Tuta absoluta (Lepidoptera: Gelechiidae)



CLIMEX climatic suitability indices for T. absolutain Europe.



CLIMEX climatic suitability indices for T. absolutain the world.



CLIMEX climatic suitability indices for T. absolutaat in Africa.



(A) Potential range shifts in the distribution of T. absoluta in Africa using the eco-climatic indices EI under climate change scenario (a rise of 1.5°C 
Africa wide temperature and 10% increase of rainfall from March 2�³ September 30 and 10% decrease in the rest of the year). 

The map was produced from the difference between the values of EI of the predicted future T. absolutadistribution (obtained when applying climate 
change criteria) and the distribution of the pest originated from current climate (year 2000) in Africa. 

EI = 0 demonstrates no range shift; EI < 0 signifies a reduction of climatic suitability EI > 0 represents an increase in thelikelihood of survival and 
permanent establishment of the species. (B) Potential range of increase in number of generations per year of T. absoluta under the selected climate 
change scenario.

Increase of 1.5ºC
10% increase of rainfall (Mar 2-Sept 30)
10% decrease rest of the year

Effect of climate change
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Alien invasive species may negatively 
affect biological control of crop pests



Ants

�ƒLeaf-cutters
�ƒSeed collectors
�ƒPredators
�ƒHoneydew collectors
�ƒOmnivorous

Mutualistic
Interactions with
hemipteran
insects



Ant mutualistic interactions

Psyllids

Scale insects

Aphids

Whiteflies

Ants establish mutualistic interactions with honeydew
excreting hemipterans (Hemiptera, Sternorrhyncha)



Psyllids Glycaspis brimblecombei
Ctenarytaina eucalypti
Ctenarytaina spatulata
Blastopsylla occidentalis

Crematogaster scutellaris Plagiolepis schmitzii

Psylloidea



Aphids Aphis gossypii
Toxoptera aurantii
Aphis spiraecola

Linepithema humileLasius grandis

Pheidole pallidula

Aphidoidea



Mealybugs
Planococcus citri
Pseudococcus spp.

Linepithema humile

Lasius grandis

Linepithema humile

Linepithema humile Linepithema humile

Pseudococcidae



Soft scales
Coccus hesperidum

Linepithema humile

Coccidae



Cottony cushion scales
Icerya purchasii

Tapinoma nigerrimum Plagiolepis spp.

Plagiolepis spp.

Tapinoma nigerrimum

Tapinoma nigerrimum

Monophlebidae



Whiteflies
Aleurothrixus floccosus
Paraleyrodes spp.

Crematogaster auberti Camponotus sylvaticus Plagiolepis spp.

Plagiolepis spp.

Aleyrodidae
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Argentine ant
Linepithema humile (Mayr)

antmaps.org
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Mealybugs

Parasitism

Argentine
ant
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Argentine ant impact
on the parasitism level by the 
aphid parasitoid Aphidius colemani

http://influentialpoints.com/Gallery/Aphis_gossypii_melon_or_cotton_aphid.htm

http://bioplanet.it/en/392/

No ants 
present

Linepithema 
humile present



TRAINING COURSE: USE OF AGROBIODIVERSITY INFORMATION 
IN GBIF AND OTHER DATABASES

28, 29 AND 30 JUNE '17 

Databases on alien invasive species 







Major vector of 
Citrus Tristeza 
Virus - CTV
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Presence of T. citricidus in the Iberian Peninsula (2006-2007)
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Distribution of T. citricidus in Portugal (2012)
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https://www.eppo.int/
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Concluding question

What are the main information gaps in agrobiodiversity related with 
the effective application of biological control ?

biocont rol 
agent

The information gap

The pest


