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Ecosystem services

PROVISIONING REGULATING CULTURAL
SERVICES SERVICES SERVICES

Products obtained from Benefits obtained from the Nonmaterial benefits
ecosystems regulation of ecosystem obtained from ecosystems
processes

Energy Flood prevention e Educational
Seafood Climate regulation e Recreational
Biomedial Erosion control « Heritage
Transportation Control of pests and « Spiritual

National defense pathogens

SUPPORTING SERVICES

Services necessary for the production
of all other ecosystem services

 Biological diversity maintenance
» Nutrient recycling
» Primary productivity

source: Final Recommendations of the Interagency Ocean Policy Taskforce, 2010

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

REGULATING
SERVICES

Benefits obtained from the
regulation of ecosystem
processes

* Flood prevention

* Climate regulation

» Erosion control

» Control of pests and
pathogens

Control of crop pests and
diseases In agroecosystems

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

T the use of an organism to reduce the
population density of another
organism*

Effect of Natural Enemy

T is the most successful, most cost
effective and environmentally safest

way of pest management* E
Natural unamy i
o Time —>
+ Tactics of BC: The figure shows how pest popuations

candecline after the introduction of a natural
enemy. It also shows how successful

+ Conservation biological control - suppression of the pest
] below the economic injury level — depends
T Augmentation on the type of pest. Direct pests, which
_ _ aftack the fruit, cause economic damage at
T Importation (classical BC) much lower densities than indirect pests,

which attack other parts of the tree such as
follage, roots, or woody tissues.

% van Lenteren JC (ed) (201R)BC Internet Book of Biological Control *Version 6. Unruh TR (2017) Biological control. In: Orchard Pest Management Online. Tree
http://www.iobc-global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf 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

Table 1. Comparison of data on performance of chemical and biological control (after
Lenteren, J.C. van, 1997. From Homo economicius to Homo ecologicus: towards

environmentally safe pest control. In: Modern Agriculture and the Environment, D. Rosen, E.
Tel-Or, Y. Hadar, Y. Chen, eds., Kluwer Acadamic Publishers, Dordrecht: 17-31.)

Chemical control*  Biological control

Number of ingredients tested > 3.5 million 2,000

Success ratio 1:200,000 1:10
Developmental costs 150 million US$ 2 million US$
Developmental time 10 years 10 years
Benefit / cost ratio 2:1 20:1

Risks of resistance large small
Specificity very small very large
Harmiul side-eftfects many nil/few

*Data for chemical control originate from material provided by the pesticide industry; data as
per 2005. In 1980 10,000 compounds were tested per year, in 2004 this had increased to
500,000 per year (Stenzel, 2004)

van Lenteren JC (ed) (201®)BC Internet Book of Biological Control +Version 6. http://www.iobc-
global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf
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Value of biological control

Table 3. Estimated world market value natural and commercial biological control and
biologically based pest management

Control method USS billions

Natural biological control’ 400,000 x 10° —— 417 US%/ha
Biological control with arthropods and nematodes” J130x10°

Biological control with micro-organisms- ,020x 10°

Bacterial and fungal-derived toxins® 120 x 10°

Botanical pesticides” 100 x 10°

Behavioural modifying chemcicals® ,070x 10°

Plant material resistant to pests and diseases, non GMO? 6,000 x 10°

'Costanza et al., 1997. 2f::w;tri—lpq'arli—ltf:d from van Lenteren, 1997, various recent unpublished sources and
Bolckmans/Ravensberg personal communication November 2005

van Lenteren JC (ed) (201®)BC Internet Book of Biological Control +Version 6. http://www.iobc-
global.org/download/IOBC_InternetBookBiCoVersion6Spring2012.pdf
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Tritrophic interactions and biological control

Specialist predators \ Omnivores Parasitoids

A N\
Pierce-sucking herblvore/
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Figure 2. Tomato food web of arthropod pests with different modes of plant feeding and their natural enemies, pathogens and endophytes that can
occur in a tomato crop. Plant responses induced by herbivores, omnivores, pathogens or endophytes can affect food web interactions in various ways.
For example, a pre-infestation by whiteflies reduced the response of specialist predatory mites to spider mites,''® which can disrupt biological control (A),
whereas pre-infestation by omnivorous predatory bugs decreased oviposition rates of spider mites,''! which may enhance biological control (B). Induced
plant responses may also alter the feeding behaviour of omnivorous predators. For example, induced plant responses to endophytes can reduce the plant
quality for omnivorous predators that may consequently increase prey feeding and thus facilitate biological pest control (C). Although only few of such
food web interactions have been studied, they should be considered when combining biological control and breeding for resistant plants.

Pappas, M. L., Broekgaarden, C., Broufas, G. D., Kant, M. R., Messelink, G. J., Steppuhn, A., Wé&ckers, 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 @&duced plant volatiles and tritrophic interactions across spatial scales

N
Air currents \ .

Receiver

Sender

Structure

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
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Herbivore @aduced plant volatiles and tritrophic interactions across spatial scales

Plant scale

Patch scale

Landscape scale

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

Biological control is dependent on
functional biodiversity



Functional ' biodiversity
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Moonen A-C, Barberi P (2008) Functional biodiversity: an agroecosystem approach.
Agriculture, Ecosystems and Environment 127: 721






IOBC wprs standards fo
Integrated Production

Ecological Infrastructures

Must cover at least5% of the entire farm surfacéexcluding
forests), to enhance functional biodiversity

' . Baur, R., Wijnands, F. and Malavolta C (eds.) (2011) Integrated
productlon +Objectives, Principles and Technlcal Guidelines.
IOBC’/WPRS Bulletin, Special. Issue




Greening (2013 CAPreform) —'

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.° 1307/2013




Resourc"“es /habltats
£ groecosystem

yintering habltats
L native hosts/prey
< —ood SOUICES, e.g. nectar, pollen, honeydew
. Reproduction habitats
. Dispersion habitats (e.g. many beneficial

organisms have limited capacity of dispersion)




Resources delivered by
plant ecological Infrastructures

. Foaod

. pollen

., hectar

. plant sap

. alternative hosts/prey

. Refuge habitats
. Reproduction = habitats
. Dispersion habitats




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

“Anything but nectar.”

* Wakers FL, van Rijn PCJ (2013) Food for protection an introduction. In: Wakers FL, van Rijn PCJ,
Bruin J (eds.) Plant-provided food for carnivorous insects: a protective mutualism and its implications.
Cambridge University Press, Cambridge, pp 114



Evolutive omnivory

Feeding regime depends on the development stage

[farva: I Aduiit

carnivore herbivore

Chrysopidae - s

Syrphidae
Hymenoptera

FOrmicidae
Coleoptere Meloldae

NYniosh

herbivore

7
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Temporal omnivory

Herbivory as predation supplement

[farva:
carnivore .1 -+ herbivore

Hymenoptera G t0|0'~ Wwhich
| the hoest

elumonidae;
Braconidae
Caleoptere Cicindelidae

Cantharidae

hrulcre

carnivore

herbivoere
Araneidae pollen




Permanent omnivory
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Impact of ecological Infrastructures on
beneficial arthropods

: : T Increase of longevity
. 1) Evolutive omnivory f Increase of fecundity

. 2) Temporal omnivory
. 3) Permanent omnivory

t Less clear effects

True omnivores
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Mean distance The capacity of dispersion in animals
among ecological is limited
infrastructures
FES % ,4 S % Y
50 m H‘ REE Majority of
beneficial
150 m organisms
“‘b"%@h _
300 m R o Sl SRR
> 300 m = \@ h‘ ™ o ¥

‘Stepping-stones”



Examples - of ecological ' Infrastructures -
composed: by plants-
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hedges &
field margins

Hedgerow tree

Buffer strip
Cultivated strip
s ' Grass strip
BARRIER 3 . Wildflower s

Hedge
Fence
Trall
Grassbaul
Windbreak
Terrace

Ditch
Drain
Stream

- FIELD MARGIN:
PRE-EXISTING BOUNDARY  STRIP

. 3 : . CROPEDGE MAIN CROP

E.J.P. Marshall EJP, Moonen AC (2002) Field margins in northeroputheir functions and interactions with agriculture. Agriculture, EcosystemSrafidnment 89: 321
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Insectivore
Dirds

Old trees
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Stone walls




Artificial nests

California Agr/cu/l‘u/‘e 62(4) 131-132. http://essps.pt/01_ESSPS_PORTAL_WEB/_NOVO/ARQUIVO/2009 2010/chapim_e
scola_secundaria_sps/chapim_escola_secundaria_sps-.htm#ESCOLA _



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




Permanent - habitats

Examples:

Forest

Traditional orchards

Ruderal areas

Meadows and
SERIEIS




Temporary habitats

Examples:

small woods

stone piles

patches of trees and
shrubs

stone walls




Ecological corridors

Examples:

Cover crops
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Possible use of agrobiodiversity
iInformation in biological control
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Predicting the potential distribution of a biocontrol agent:
the case of the harlequim ladybird, Harmonia axyridis (Coleoptera, Coccinellidae)

T The ladybird H. axyridis is very effective biocontrol
agent of different insect pests

T Native of the east of Palaearctic region

T However, during the last 30 years it has successfully
invaded non-target habitats in North America (1988),

Europe (1999), and South America (2001)
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Native Invasion distrioution
distribution reported by Brown et al (2011)

e Literature reports

Date: 08-18-2016

I t t | = Projection: UTM.
A 0 2,500 5,000 10,000 15,000 Km ] ,] 50 ,OOO ,OOO Datum: WGS 84.

Figure 1 Published records of the presence of the harlequin ladybird in the world.

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:€3296; DOI 10.7717/peerj.3296
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History of world dispersion

1 S
ﬂ%‘%ﬂ-ﬁ'ﬂ
e f‘ﬁff#: {ﬁf:
' ?Wﬁf’:f’ff 3

e i

o e g, P

| No record of invasion
1960-1964
1985-1389
. 1990-1994

| 19951999
I 20002004 Ay
B 20052009 - !ES- s

I coi0-2014 N ﬁ*ﬂgrﬁfwz

;’ ?//Z MNative range

Roy et al (2016) Biol Invasions18:997 11044
DOI 10.1007/s10530-016-1077-6
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BioControl (2008) 53:103-125
DOI 10.1007/s10526-007-9140-y

Potential distribution: y | -
based on CLIMEX of the hamlequin adybird, Hurmonia axyrdis, using

the CLIMEX model

‘ J. Poutsma - A, J. M. Loomans - B. Aukema - T. Heijerman

Ecoclimatic Indice (El) - climatic suitability Observed distribution

' Vs

L4 A oxact location of recovery of H axyndis
A areainwhich H axridic was recovered

* exact location of introduction of H axyridis
o area inwhich 4 auridis was ntrosuced

Fig. 6 CLIMEX map of Europe and northern Africa indicating Ecoclimatic Indices (EI). Crosses represent Fig. 7 Distribution of Hamonia axyridis in Eumpe and northem Africa (based on CABUEPPO 2007,
an El of zero. Spots represents El's greater than zero. The larger the spot the larger the El and the more : sl il e '
suitable the climate at that station Comected and o )
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Potential distribution: based on Bioclim parameters

with Maxent

JOURNAL OF APPLIED ENTOMOLOGY

J. Appl. Entomol. 136 (2012) 109 #23

ORIGINAL CONTRIBUTION

J. Appl. Entomol.

Species distribution models for the alien invasive Asian
Harlequin ladybird (Harmonia axyridis)
K. Bidinger, S. Lotters, D. Rodder & M. Veith

Department of Biogeography, Trier University, Trier, Germany
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Abstract

The Asian Harlequin ladybird (Harmonia axyridis) is a globally invasive
alien species. We developed species distribution models (SDMs) aiming
at an explanation of the observed native and invasive distributions and
the prediction of the species’ potential distribution. SDMs were built
based on bioclim parameters with Maxent (i) on known native occur-
rence only (SDM,,,), (ii) on known European invasive occurrence only
(SDMjny) and (iii) by combining both previous approaches (SDM,y).
Results indicate that SDM;,, match the observed European invasive
range better than SDM,,, or SDM,;. The origin of Asian founders in
Europe remains unknown. SDM;,,,, highlighted a restricted area in China
which may represent the region of origin of the European Harlequin
ladybird, leaving the possibility of within-species climate niche variation.
As a result, when targeting the worldwide potential of invasiveness of
H. axyridis, SDMy may reveal maximum results uncovering the species’
potential distribution. These results have to be seen in the framework of
conceptual problems and pitfalls when generating SDMs including niche
definition, niche shift, sampling bias, biological importance of predictors
and model transferability uncertainties.
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| - Based on known native occurrence only
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Il - Based on known European invasive occurrence only
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[l -By combining both previous approaches
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Bidinger et al (2012) concluded that:

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

T possibility of within-species climate niche variation
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Other possible uses related with
biological control
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Risk assement for an invasive insect pest:
the case of the tomato leaf miner, Tuta absoluta (Lepidoptera: Gelechiidae)

http://www.tutaabsoluta.com/



CLIMEX climatic suitability indices fdr. absoluten Europe.



CLIMEX climatic suitability indices fdr. absoluta the world.



CLIMEX climatic suitability indices fdr. absolutat in Africa.



Effect of climate change

(A) Potential range shifts in the distribution of T. absoluta in Africa using the eco-climatic indices El under climate change scenario (a ris€of 1.5°
Africa wide temperature and 10% increase of rainfall from March ZSeptember 30 and 10% decrease in the rest of the year).

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

El = 0 demonstrates no range shift; El < 0 signifies a reduction of climatic suitability El > 0 represents an indretissglikelihood 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 1.5°C

10% increase of rainfall (Mar 2-Sept 30)
10% decrease rest of the year
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Alien Invasive species may negatively
affect biological control of crop pests
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Ants establish mutualistic interactions with honeydew
excreting hemipterans (Hemiptera, Sternorrhyncha)



Psyl I |dS Glycaspis brimblecombei I.

Psylloidea



AphidS Aphis gossypil I.

- Toxoptera auranti
Aphidoidea Aphis spiraecola



Mealybugs

. Planococcus citri
Pseudococcidae

Pseudococcus spp.



Soft scales I.

Coccidae Coccus hesperidum



Cottony cushion scales I.

Monophlebidae lcerya purchasii



Whiteflies |

. Aleurothrixus floccosus
Aleyrodidae
Paraleyrodes spp.
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Argentine ant
Linepithema humile (Mayr)

antmaps.org
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Argentine
ant

Mealybugs

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

Linepithema
humile present

No ants
present

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

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



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 ?

Theinformation gap

Thepest

biocatrol
agent



