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Biological diversity or biodiversity, the result of 3.5 billion 
years of evolution, plays a vital role in sustaining human 

life and the health of our planet.

Used as a natural resource management strategy, 
agroforestry sustains biodiversity by in situ conservation of 

tree species, reduction of pressure on the forest, and 
maintenance of a suitable habitat for plants and animals. 

Grazing and browsing by large herbivores are natural 
features of woodland ecosystems. Grazing management 
should be considered from the outset by managers of 

semi-natural and native woods.

Agroforestry is all about breaking down the wall between 
agricultural lands and woodlands and blending them 
ǘƻƎŜǘƘŜǊΦ LǘΩǎ ŀ ǿŀȅ ƻŦ ǘƘƛƴƪƛƴƎ ŎǊŜŀǘƛǾŜƭȅ ŀŎǊƻǎǎ ŀ 

landscape.

Introduction



I. Biodiversity
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Theterm meansbiologicaldiversityand refers to all the variety of life. WhetherǘƘŀǘΩǎplants,

animals,fungi or micro-organisms. Aswell asto the eco-systemsthey form and the habitatsin

whichthey live.

Biologicaldiversity comprisesthree levels: Speciesdiversity: the variety of different species;

Geneticdiversity: the varietyof genescontainedin plants,animals,fungi and micro-organisms;

andecosystemdiversity: all the different habitatsthat exist.1



o Regulates elements such as climate, water quality, disease, and 
pollination

o Provides resources such as food, clean water, industrial raw materials, 
and genetic resources

o Offers cultural advantages, including recreational, aesthetic, and spiritual 
benefits
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I.1. Benefits of biodiversity for the ecosystem



o Climate change

o Habitat degradation and loss

o Pollution

o Invasive species

o Overexploitation with traditional agricultural systems

o Other potential threats
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I.2. Threats to biodiversity



Protectingthe naturalworld we havewill not be enoughto bringnaturebackinto our lives.
To reversebiodiversity loss, the world needsmore ambitious natural restoration. With a
new EuropeanUnion(EU)NatureRestorationPlan,Europewill leadthe way.

TheEuropeanCommissionproposeda dedicatedEUForestStrategyin 2021in line with our
wider biodiversityandclimateneutrality goals. It includesa roadmapfor planting at least3
billion additional trees in the EUby 2030, with full respectfor ecologicalprinciples. The
uptakeof agroforestrysupport measuresunder rural developmentshouldbe increased,as
it hasgreatpotential to providemultiplebenefitsfor biodiversity,peopleandthe climate.2

Based on this strategy, it is obvious that land use practices such as agroforestry, as part of 
a multifunctional landscape, will continue to play a major role in conserving and even 
enhancing biodiversity.
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I.3. The EU's biodiversity strategy for 2030



o When managed using biodiversity-based techniques such as agroforestry, silvopastoralism,
diversified farming, and ecosystem-basedforest managementcan help maintain biodiversity and
providehabitat connectivityby facilitatingthe movementof animals,seedsandpollen.

o Without these tree-basedsystems,forest fragmentsstay isolated from eachother or from larger
forest protected areas. Theagroforestrysystemsmakesignificantcontributionsto the connectivity
for forest biodiversity in the fragmentedlandscapeswhen consideredas corridorsbetween forest
patches,or asbuffer zonesaroundprotectedforestareas19.

o Thesesocioeconomicsystemscan facilitate functional connectivity, which is the movement of
organismsacrossthe landscapeand amonghabitat patches. Suchmovementpromotespopulation
persistenceby allowing for geneflow, recolonization,and adaptationto climate changeand other
globalchanges.
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II. Agroforestry: ñLandscapes that work for biodiversityò



o Agroforestryhas conservationimplications,it maintainstree speciesdiversity in

agriculturallandscapeoutsidenaturalhabitatssuchasforest or protectedareas.

o This conservationtool is important where natural forests have declined and

remainingfragmentsaredegraded.щ

o Conservationof trees in agroforestrysystemcan complement protected areas

andprovidegreaterresiliencein the faceof climatechange.
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II. Agroforestry: άLandscapes that work for biodiversityέ



Á We cannot rely on protected areasaloneto preservespecies. Asprotected areas

become increasinglyisolated becauseof habitat loss and degradation, much

researchhasrevealedthat they will losespeciesover time.

Á Workinglandscanprovidefood, breedingsites,andshelterfor a myriadof species

while maintaining abiotic conditions, including temperature, light, wind, water,

fire, andother disturbances,within requiredranges.3

Course co-funded by the EU under the ENI CBC Med Programme and developed in the framework of LIVINGAGRO project activity 3.1.8 9

II. Agroforestry: άLandscapes that work for biodiversityέ



ÅConservation 

ÅSustainable Use

ÅFood Supply
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III. Agroforesty for biodiversity conservation and 
food supply



To understandhow agroforestrysystemscontribute to conservationand sustainable
use,we needto understandthe definitionsof thesewords.
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Careful preservation and protection of something, especially planned 
management of a natural resource to prevent neglect, over-exploitation 
or even destruction and to achieve a sustainable exploitation18.

Conservation

άΩ{ǳǎǘŀƛƴŀōƭŜ ǳǎŜΩ ƳŜŀƴǎ ǘƘŜ ǳǎŜ ƻŦ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ŘƛǾŜǊǎƛǘȅ 
in a way and at a rate that does not lead to the long-term decline of 
biological diversity, thereby maintaining its potential to meet the needs 
ŀƴŘ ŀǎǇƛǊŀǘƛƻƴǎ ƻŦ ǇǊŜǎŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎΦέ1

Sustainable use

III.1. Agroforesty contributes to conservation 
and to the sustainable use of biodiversity



In general,agroforestryplaysfive major rolesin conservingbiodiversity:4
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Provides habitat for species 
that can tolerate a certain 

level of disturbance

Helps preserve the 
germplasm of sensitive 

species

Helps reduce the rates of conversion 
of natural habitats by providing a 

more productive, sustainable 
alternative to traditional agricultural 

systems that may involve clearing 
natural habitats

Provides connectivity by 
creating corridors between 

habitat remnants, which may 
support the integrity of these 

remnants and the 
conservation of area-sensitive 

floral and faunal species

Helps conserve biological 
diversity by providing other 
ecosystem services such as 
erosion control and water 

recharge, thereby preventing 
the degradation and loss of 

surrounding habitat

III.1.1. How does agroforesty conserve the 
biodiversity of grazed woodlands?
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III.2. Agroforesty influences food 
and nutrition security in three ways:6



1. Availability 

Å Agroforestry significantly increases food availability by supporting crop
production.

Å A diversevariety of locallyavailabletreeshasgreatpotential to fill nutrition gaps
and contribute to nutrient adequacyin poor rural communities. Treesoffer an
underexploited opportunity to improve nutrition: direct consumption of tree
foods.

Å Leguminousfodder plantsor shrubsincreasecrop or livestockproductyieldsdue
to the increasein soil nitrogen after the planting of legumesor certain other
intercroppedplants.
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III.2. Agroforesty influences food and 
nutrition security in three ways6



2. Access 

Å Agroforestrycontributesto increasedaccessto food.

Å Agroforestry helps give households enough resources to obtain food in
sufficientquantity,qualityanddiversityfor a nutritious diet.
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III.2. Agroforesty influences food and 
nutrition security in three ways6



3. Utilization

Agroforestryhelpscompensatefor seasonalityin at leasttwo ways:

1. Plantinga diversity of treeswith different harvesttimescanaddressmonth-on-
month fruit availabilityand micronutrient gapsin localƘƻǳǎŜƘƻƭŘǎΩdiets. This
canalsocreategreaterresiliencein food systemsby spreadingthe risk of crop
failureover time.

2. The deep and extensive root systemsof trees make them more drought
tolerant than annual crops, meaningthey can provide food for humansand
livestockin dry periodswhenother sourcesarenot available.
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III.2. Agroforesty influences food and 
nutrition security in three ways6



Á Agroforestry systemsenhance native floristic diversity. They harbor a much higher
speciesrichnessanddiversitythanmonoculturecroppingsystems.

Á Agroforestry can serve as an important ecological tool for conservingtree species
diversity.

Á Somespeciesin thesesystemscould be of specialinterest for conservation,if they are
among the Red List of ThreatenedSpeciesaccordingto The International Union for
Conservationof NatureIUCN.

Á Suitablenative speciesselectionis a challengein farm forestry or restoration forestry
projects.

Á Indigenousknowledgeis invaluablein selectingnativespecies,asthe localpopulationis
likely to beawareof the varyingfunctionsof treesin their landscape.7
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IV.1. The influence of agroforestry on floristic diversity: 
positive impact



Á Indigenousmixed speciesplantationsharbor a diversemix of understoryplant
species.

Á Severalyears after the establishmentof such plantations in one agroforestry
system, species richness increased by 24%, and the number of families
representedincreasedby 48%.

Á These speciesenhanced habitats on degraded sites and thereby helped to
recoverbiodiversity.7
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IV.1. The influence of agroforestry on floristic diversity: 
positive impact



Á Two main aspectsinfluencethe role of agroforestsin biodiversityconservation.
First,the speciesandstructuralcompositionof plantsin agroforestsandsecond,
the degreeof managementintensityandhumandisturbancein thesesystems.

Á Agroforestrysystemsthat containa speciesandstructuralcompositionsimilarto
native forests can be part of a broader regional biodiversity conservation
strategy,andpotentiallyserveasbuffer zonesor ecologicalcorridors.8
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IV.1. The influence of agroforestry on floristic diversity: 
positive impact



Á "Buffer zonesare defined as areasperipheral to a protected resourcedesignated

with the intention of benefitingthe localcommunity,while simultaneouslyproviding

an extra layerof protection to a conservationarea"(LynaghandUrich2002, Oldfield

1988).

Á An ecologicalcorridor, is a functional zone of passageof speciesbetween several

naturalzonesin environmentsthat havebeendisturbed.
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IV.1. The influence of agroforestry on floristic diversity: 
positive impact



Á Deliberatespeciesselectionis evidentin agroforestryin order to meet the demand

for wood, food, fuel, andfodder in manypartsof the world.

Á Thiscan lead to invasion by non-native speciesthat changehabitat composition

and structure around the world. This is the second most significant threat to

biodiversity,after habitat loss.7
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IV.2. The influence of agroforestry on floristic diversity: 
negative impact on flora



Á Numerousstudieshavereported positiveeffectsof grazingand mowingon plant
speciesrichnessin Europe.

Á Many plant speciesare threatened due to the cessationof grazingand mowing.
Thisalso suggeststhat grazingand mowing are important for maintainingplant
speciesrichness.10

Á Controlled grazing can not only enhance biodiversity but also be used as a
management tool to encourage tree regeneration. Some species of high
conservation importance, such as the pearl-bordered fritillary and the marsh
fritillary (butterfly), requirecontrolledgrazingin their habitatsfor survival.

Á Biodiversity can be enhanced by maintaining open habitats, reducing over
dominant or invasiveplant species, andmaintainingwoodlandplant communities.
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IV.3. Maintaining plant species richness by grazing in woodlands
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Grazing animals can affect an ecosystem through defoliation, treading 
and leaving excreta17

Defoliation

Á Defoliation is defined as a widespread loss of leaves. There are many things that 
can cause this, such as grazing animals.

Á Effect of Grazing depends on how it is managed. 
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Grazing animals can affect an ecosystem through defoliation, treading 
and leaving excreta17

To manage grazing and browsing and protect the range resources, managers should:

Á Observe signs that the range is being overused, presence or absence of 

seedlings.

Á Rest species periodically, but not at the same time every year. 

Á Timing of grazing: The most critical grazing period is usually from flowering to 

seed production.

Á Leave enough residual forage ungrazedto keep plants healthy and to capture 

rainfall.
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Grazing animals can affect an ecosystem through defoliation, treading 
and leaving excreta17

Á To managegrazingand browsing and protect the range resources,managers

should:

Á Note when the more palatablekey speciesstart to show overuse. Grazingand

browsinganimalsare selective: Theygrazeor browsethe most palatableforage

speciesfirst andoften. If the morepalatablespeciesareoverusedanddisappear,

the plant speciesthat survivewill be thosethat canbestresistgrazing.
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Grazing animals can affect an ecosystem through defoliation, treading 
and leaving excreta17

Treading 

Createsgapsin the sward,thus allowingseedsto sprout, which in effect
speedsup the growth of grasses,andeventuallypreventssoilerosion.
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Grazing animals can affect an ecosystem through defoliation, treading 
and leaving excreta17

Animal manure

Á The excreta produced by herbivoresduring grazingact as a natural
fertilizer andinfluenceseeddistribution.

Á The dispersalof faecesresults in speciesand structural diversity of
flora.



×Biodiversity in silvopastoralism across Europe11

Á A cycle of grazingin the forest may encourageoptimum botanical diversity and
regeneration.

Á A crucial factor affecting the dynamicand health of the systemis the stockingrate
(animalunitsper unit of landarea).

Á Horsesare valuedfor their ability to control encroachingtall grassvegetationin the

Netherlandsandin France,helpingto preventforest fires.

Á In the Alps,15% of the mountain forestsare grazedin the summer. Grazedforests
havea more heterogeneousstructureandlessdensitythanungrazedforests.
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×Biodiversityin silvopastoralismacrossEurope11

Á With no interventiontreesare intensiveandold with little light reachingthe floor.

Á Speciescannoteasilyregenerateundertheseconditionsanddeclinein abundance.

Á Browsinganimalscontribute to open conditions,where more seedlingsgrow faster
andthe structureof the habitatwill not be only largetrees.

Á Grazingreducesvigorous,unwantedspeciessuchasbrambleandbracken.

Á "Their vigorousgrowth habit can makea troublesomeweed in somewoodland,as
they canprevent newly germinatingtree seedlingsfrom establishing,rapidly invade
new areas,kill existingregeneration",(Harmer,2004).
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Á Agroforestrytakesadvantageof physicaland biologicalinteractions amongcrops,
animals,andtrees. A synergyis createdwhendifferent aspectsof the environment
complement each other. Treesprovide wildlife habitat, and the wildlife in turn
keepspestsundercontrol.

Á Large trees provide room for birds, bats, and other speciesto find food and
establishnestswherethey otherwiseǿƻǳƭŘƴΩǘbeableto.
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V. The effect of agroforestry on the biodiversity of 
grazed woodlands: fauna richness
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Agroforestry can increase pollinator
diversity, which is essential for food
production and maintenance of wild
ǇƭŀƴǘǎΩpopulation levels. The pollinator
serviceis invaluable,because

Å ~90% of flowering plants are
pollinatedby insects

Å over 75% of the ǿƻǊƭŘΩǎmost
important crops depend on animal
pollination

Å 35% of food production dependson
animalpollination3
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V. The effect of agroforestry on the biodiversity of 
grazed woodlands: fauna richness

Photo credit: Dr. Peter Moubarak



Biodiversityisenhancedby corridorsfor

the movementof speciesthat grazed

woodlandsprovide.

Agroforestrysystemshavemore invertebrate

species and numbers compared to open

grasslands,

aswell asmore arthropodgroupsandbirds.
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V. The effect of agroforestry on the biodiversity of 
grazed woodlands: fauna richness

Photo credit: Dr. Peter Moubarak



Á Combiningpastureswith treescreatesa diversityof microclimatesthat increases
insectdiversity.

Á Becauseof their great diversityand sensitivityto disturbance,insectshavebeen
commonlyusedasbio-indicatorsin both silvopastoralandmonoculturalsystems.

Á Abundance,richnessand diversity of insectswere assessedin a study, which
found Hemipterathe most abundantorder, followed by Hymenoptera,Diptera
andColeoptera.
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V.1. Insect diversity12



Á Hemiptera: Aphids,assassinbugs,leafhoppers

Á Hymenoptera: Bees, wasps,ants

Á Diptera: All flies,includingsyrphids

Á Coleoptera: All beetlesincludingladybeetles,leafbeetles,soldierbeetles
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V.1. Insect diversity12



Á Studyresultsshowchangesin the abundanceandspeciesrichnessof severalinsect

orders,aswell aschangesin community composition, eventhoughno differences

were observedin overallinsectabundance,richnessor diversity.

Á Compositionalchangesare from generalist to specialistinsect speciesτthat is,

agroforestryresultedin more specialistinsects.

Á Highnumbersof naturalenemiesandbeneficialinsects.
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V.1. Insect diversity12



Á Silvopastoralsystem provided microhabitats,greater protection from predators,

andincreasedavailabilityanddiversityof food resourcesandnestingsubstrates.

Á Insectshavediversefunctionalrolesin agroecosystemsasphytophagous(that feed

on greenplant),predators(animalsthat eat other animals),detritivores(that feeds

on deadanddecomposingorganicmatter.), andpollinators.
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V.1. Insect diversity12



The sustainabilityof pasturesdependson organismsthat play important

roles in maintaining ecological systems, including insects. Since

agroforestryhelpsincreasethe number of beneficialorganisms,measures

should be taken to encouragethe implementation of silvopastureson a

largerscale.
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V.1. Insect diversity12



A scientificstudycomparedtreelessimprovedpastures(IP)with thosethat hadbeen
converted into silvopastoralsystems(SPS)in a cattle ranching landscapein the
ColombianAndes.
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Thestudy evaluatedthe recoveryof someof the ecologicalservicesin which dung
beetle insects play a role, in natural and anthropogenic (human-influenced)
ecosystems.

Dungbeetlesareusedasindicatorsof land-usechangeandpasturehealth.
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V.2. Dung beetles13



Dungbeetlesarecriticalto a wide varietyof ecologicalprocesses:

Å Incorporationof organicmatter into the soil

Å Mixingof the different soil layers

Å Control of parasitesthat harm domesticanimalsand humanhealth. Becauseof

their strongdependenceon vertebrateexcrement,particularlythat of mammals,

for feeding and reproduction,beetlesdries manure rapidly, leadingto parasite

death

Å Secondarydispersalof seeds
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V.2. Dung beetles13



Á This study suggeststhat over a relatively short period of time (5 years), the

conversionof treelessimprovedpastures(IP)into silvopastoralsystems(SPS)favours

the recoveryof dungbeetleactivity.

Á Increasein dung removal and, consequently,greater soil and seed removal were

apparent in the SPS,whereasthe abundanceof dung flies and particularly their

larvaewaslower comparedwith the treelessIP.

Course co-funded by the EU under the ENI CBC Med Programme and developed in the framework of LIVINGAGRO project activity 3.1.8 40

V.2. Dung beetles13



Anotheroutcomeof greaterdungremovalin silvopastoralsystemsis the increase

in the number of seedsburied by the beetles. The spatial relocation of seeds

often favours germination and seedlingemergenceby reducingpredation and

reducingmortality causedby pathogens. Thisalsocould favour the recoveryof

areastoo deterioratedfor grazing.
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V.2. Dung beetles13



Á Agroforestry systems have conservation value because they support more
biodiversitythanunshadedagroecosystems.

Á Shadyareasprovidea highqualityhabitat for migratingbirds.

Á Theuseof forestsby birds in agroforestrysystemsis influencedby structuralhabitat
features,includingshadecover,canopyheight,andtree density.

Á Managing for floristic diversity will increasethe variety of food resources(e.g.,
insects,seeds,nectar, and fruit) availableto wildlife using shadyplantations. The
energyavailablein fruits has been shown to influencethe speciesrichnessof bird
communities.

Á Agroforestry plantations can be managed so they offer structural and floristic
characteristicsthat promote conservationand reducethe likelihoodof deforestation
by providinga habitat for numerousspeciesandcreatinga hospitablelandscape.
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V.3. Birds14



Just 20 years ago, Spain'sIberian lynx was at risk of extinction. Now its numbers have jumped
tenfold, with 1,100Iberianlynxlivingin the wild. TheŎŀǘΩǎfortune haschangeddueto a combination
of EUlegislationandLIFEprojectsinvolvingconservationenhancementandlandmanagement.

This successstory shows how important EU laws are for enhancing 9ǳǊƻǇŜΩǎbiodiversity.
The International Union for Conservationof Nature (IUCN)has lowered the IberianƭȅƴȄΩǎthreat
categoryfromάŎǊƛǘƛŎŀƭƭȅŜƴŘŀƴƎŜǊŜŘέto άŜƴŘŀƴƎŜǊŜŘ.έ
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Á Developingecologicalcorridors that help wildlife like the lynx move
aroundandbreedin newlyconnectedhabitats

Á Creatingnatural feeding conditions for the Iberian lynx by sowing 60
hectaresof pastures

Á Improving their natural refuge by planting 3,200 trees and bushes
(creatinganagroforestrysystem)

V.4. Iberianlynx15



Á Agroforestrysystemisa humanintervention

Á Somefarmers chooseto excludeparticular trees and plants that would attract

monkeys,birdsor insectsfor fearof damageto their crops.

Á Plantswhich do not produceanythingdeemedvaluableor useful for people,are

excluded.
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VI. Farmer's management

that does not support biodiversity of agroforestry system 16



Á Farmershunt animalsthat thrive in agroforestrysystemsbecauseWild meat
requires little to no managementand can be an alternative to domesticated
livestock,providingnutritious food and additionalincomefor them.

{ƻ ǎƻƳŜ ŦŀǊƳŜǊΩǎ ƳŀƴŀƎŜƳŜƴǘ ǿƛƭƭ ƴƻǘ ǎǳǇǇƻǊǘ ōƛƻŘƛǾŜǊǎƛǘȅΦ IƻǿŜǾŜǊΣ ǇǊƻǇŜǊƭȅ 
managed agroforestry can benefit both biodiversity and farmers.
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VI. Farmer's management

that does not support biodiversity of agroforestry system 16



Á Soilsare multifunctional: they are important for primary productivity, carbon
sequestration,nutrient storageand regulation,water storageand cycling,and as
a habitat that enablesbiodiversity.

Á A higher diversity of soil microorganismshas been observed in agroforestry
systemsthan in conventionalagriculturalsystems.

Á Agroforestrysystemstend to havea higher abundanceof earthworms,beetles,
centipedes, millipedes, termites, ants, collembola, mites, and non-parasitic
nematodesthan monocultures; the only group that had a higher abundancein
monoculturewasparasiticnematodes.
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VII. Soil biodiversity4



Á These organisms(exceptparasitic nematodes) fulfill various functions, like

allowingthe soil to absorbprocessedorganicmatter suchasleaves,wood, trunks

and branchesand with this nourishingcrops; they also maintain an ecological

balancecapableof preventingthe invasionof pestsand provide greater fertility

without usingchemicals.
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VII. Soil biodiversity4



Most studies have found that agroforestry (AF)has a positive effect on
soil faunaabundanceand/or diversity in temperateclimates.

Á Differencesin soil biota diversityand abundancecanbe attributed partly to the
increased plant diversity in AF systems compared to monocultures in
conventionalsystems,sinceplant diversityis linkedto microbialdiversityin soil.

Á For example,highersoil invertebratediversity is found near the trees compared
to the alleys,due to a great diversityof leaf litter resultingin substantialorganic
matter accumulation.
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VII. Soil biodiversity4



Á Amongthe soil microorganisms,the fungi are exceptionalfor their heterotrophic
activity for organicmatter decompositionand their potential asbiologicalcontrol
agentsof nematodesand arthropods. Theyare also associatedwith most plant
speciesin symbiotic(mycorrhiza)or parasitic(diseases)relationships.

Á A comparisonof three land use practices(forest, agroforestryand monoculture
systems) showed that the structure of the soil mycobiota in forestry and
agroforestry were more than 50% similar. This similarity of the structure and
composition of soil mycobiota was mainly due to the rich plant diversity in
agroforestry.

Á In general,forest soil presentedthe highestecologicalindicesof diversity,species
richness,equitability, dominance,similarity and density, followed by agroforestry
(Costaet al).
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VII. Soil biodiversity4



Á Thecombinationof trees, cropsand grazingin woodlandsenhancesthe growth
of arbuscularmycorrhizal fungi, which enhanceslitter decomposition,making
more nutrients availableto plants.

Á Evaluationof the arbuscularmycorrhizalfungalcommunitymeasuredby spores
in agroforestrysystemsin comparisonwith natural forests showsthat with the
exception of one speciesexclusiveto the forest, the agroforestry systemsall
sharedthe samearbuscularmycorrhizalfungispeciesasthe forest (Ariaset al).
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VII. Microbial soil biodiversity4



Conclusion
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Á Better landscapeplanning and managementthat seekto avoid the ecologicaland

social consequencesof biodiversity loss may offer better preservation and

enhancementof biodiversity.

Á Biodiversity is essential for the processesthat support all life on Earth, including

humans. Without a wide range of animals,plants and microorganisms,we cannot

havehealthyecosystems.
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