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ABSTRACT

Forestsremainoneofthemostdiverseterrestrialecosystemswithavarietyofnatural

resourcesincludingtreesspecies.Overtheyears,therehasbeendrasticdeclinein

forest composition especially valuable trees species,mainly as a result of

anthropogenicactivities,indiscriminateexploitationandultimately,poorconservation

strategies.Thisproblem isaglobalconcern,andhasnecessitatedtheadoptionof

sustainableforestmanagementtechniquesintherecenttime.Severaleffortshadbeen

investedtosalvageforestresourcesfrom beinglost,however,agreatnumberofforest

treesiscontinuouslythreatenedbyextinction.Diversitystudyisanhighlyessential

techniquewhichhelpsinprovidingbackgroundinformationforspeciesconservation,

managementandimprovement.Despiteitsimmensesignificanceasanimportant

forestconservationstrategy,ithasnotbeengivingmuchattentionneededtoexploreits

potentialsconsiderably.Thispaperreviewtakesacriticallookintothesignificanceof

forestdiversityassessmentwithaview to sensitizing forestconservationistsand

researchscientistsinthefieldontheneedtogivethetechniquemoreconsideration.
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INTRODUCTION

Biologicaldiversityisdescribedasvariationsamongsetofentities;withintheliving

world,includingalllivingorganismsbothindividualsandtheirrelationshipwithone

anotherwhereeachspeciesplaysafundamentalrole(Emma-Okaforetal.,2009;Jones

andLawton,2012).Thepresenceofdifferentspeciesensuresecosystem resilienceand

the ability to keep life conditions within tolerance levels around an oscillating
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equilibrium (LentonandLovelock,2000).Biologicaldiversityisanessentialfactorin

ecosystem managementandiscriticalforassessmentofpopulationdynamicsand

otherpopulationparameters.Thetwentyfirstcenturyisexperiencingadramaticdecline

in biologicaldiversityespeciallyin thetropicalregionsasa resultof increasing

anthropogenicpressure(Battipagliaetal.,2015;Cazzolla,2016).

Forests constitute an integralpartofthe world’s ecosystems,and approximately

80,000–100,000differenttreespeciesareestimatedtocover31%oflandareaglobally

(FoodandAgriculturalOrganizationFAO,UnitedNations).Tropicalforestsarespecies-

diverseterrestrialecosystemswithavarietyoflife-sustainingnaturalresourceswhich

varygreatlyfrom oneplaceto anothermainlydueto bio-geographicalvariations,

differencesinhabitatsanddisturbancespecies(Whitmore,1998;Kumaretal.,2006).

Forexample,thedominantfamilyintheNeo-tropicallowlandistheLeguminosaeandit

hasthemostabundantspeciesinmostlowlandforestsofAfrica,whereasinthe

SoutheasternAsia,thedominantspeciesaretheDipterocarps(Richards,1952;Gentry,

1988;Whitmore,1998).The prominentstructuralfeatures ofthe African lowland

tropicalforests are a greaterabundance and diversity oflianas than in either

NeotropicalofAsianforests,orahighertotalbasalarea(Gentry,1998).Thediversityof

the tropicalforests is majorly determined by the diversity ofits trees species

consideringthefactthattreesprovideresourcesandhabitatsforalmostallotherforest

species(Huston,1994;Whitmore,1998).Thereisrareassessmentofbiodiversityin

sometropicalareasduetohinderanceposedbyspeciesabundance,remotenessand

ecosystemscomplexity(Danielsenetal.2000;BonnandGaston,2005;Cazzolla,2016).

Despitethehighnumberofknownspecies,approximately450differentforesttree

species are actively part of a deliberate domestication process through tree

improvementprograms.The majorityofthe world-wide forests representnatural

forests(93%),with12%dedicatedasconservationforests.Amajorchallengeregarding

forestsstatusisthediminishingforestgeneticdiversityasdocumentedasearlyas

1967(FAO,2014).Amongthetropicalareas,Africaisoneoftheleaststudiedregions,

especiallyintermsofrainforestdiversity(Mayauxetal.,2013).Whereas,assessmentof

forestdiversityisveryaimportantstepinforestmanagement,beingacrucialaspectfor

increasingtolerancetostress,climatechangeandreducingpestandpathogenattack
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toensurebetterproductivity.Despiteitsimmensesignificanceasanimportantforest

conservationstrategy,ithasnotbeengivingmuchattentionneededtoexploreits

potentialsconsiderably.Therefore,thisreviewaimedathighlightingthesignificanceof

forestdiversityevaluationinordersensitizepeopleonitsneedasaconservation

strategy.

SignificanceofForestDiversityStudy

Foresttreesdiversityassessmentrendernumerousfunctionssuchas:

(i)Unravelingevolutionofforesttreespecies

Foresttreesdiversitystudiesprovidesthefundamentalbasisforevolutionofforesttree

species.Ithasenabledvaluableassessmentsofforestsandtreesspecieswithrespect

toadaptationtochangingandadverseconditionsforthousandsofyears,andhas

resultedinauniqueandirreplaceableareaofforestmanagementtechnique.Despiteits

popularity,thevastmajorityofforestgeneticdiversityremainsunknown,especiallyin

tropicalforests.Ithasbeenestimatesthat,thenumberoftreespeciesvaryfrom 80000

to100000,yetfewerthan500havebeenstudiedinanydepthfortheirpresentand

future potential.Untilrecently,studies of forest tree genetic resources have

concentratedondomesticatingthosefewdeemedmostapplicableforwood,fibreand

fuelproductionfrom plantationsandagroforestrysystems.

(ii)Climatechangeandpestscontrol

Theimpactofforestdiversitystudycanbemuchappreciatedwiththeillustrationby

CommissiononGeneticResourcesforFoodandAgriculturepresentedbelow:

Changingweatherpatternsarealteringthegrowingconditionsforforesttreesaswell

asthepopulationdynamicofthepestsanddiseasesthatattackthem.InCanada,cold

wintersusedtopreventorreducethespreadofaborebeetleplague.Theinsectisnow,

withwarmerwinters,expandingintonew areasandattackingpinetreesthathaveno

resistance,and therefore threatening the genetic diversity offorestpopulations.
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Improvingknowledgeofforestgeneticdiversity,includingonpestresistance,willbe

increasinglyimportantinforestmanagement.

(iii)Estimatinggeneticloss

Eachyear,13millionhaofforestsarebeinglost,mainlythroughconversiontoother

landuses.Whilethislossissomewhatoffsetby5.7millionhaofnewforestrestoration

andafforestationannually,theearthisstilllosingsome200km2offorestseachday.It

isimpossibletoaccuratelyestimategeneticlossthatisresultingfrom deforestation

andforestdegradationgivenourgenerallackofknowledgeofforestgeneticresources

(www.fao.org).

(iv)Detectingappropriatesustainablemanagementapproach

Thesustainablemanagementofforestsrequiresabetterunderstandingofthespecific

featuresofforesttreesandtheirgeneticdiversity.Foresttreesaregenerallymanaged

withlongrotationperiods(thetimebetweenregenerationandharvesting),from 5-10

yearsandupto150-200years.Withclimatechange,itcannolongerbeassumedthat

today’sgrowingconditionswillbethesamein100yearsandadaptabilitytochange

over lengthy rotation periods will increasingly be an important management

consideration.Inrecentyears,motivatedinlargepartbywide-spreadlossofspecies

andnaturalhabitats,ecologicalresearchhasfocusedincreasinglyontheconsequences

ofexploitiveandlong-term managementactivitiesforspeciesdiversity.

Considerationofbiologicaldiversityhasalsoguidedthedesign,implementation,and

critiqueofexistingpolicyonnaturalresourcemanagement(Harris,1984;Salwasser,

1990;Westman,1990;Lubchencoetal.,1991).Withtheexceptionofthehumidtropics,

nowhere has the relationship between naturalresource use and conservation of

biodiversitybeenmorecontroversialthaninthePacificNorthwestregionoftheUnited

States(SwansonandFranklin,1992;LippkeandOliver,1993).
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Informationonspeciesdiversityanddistributionpatternsareessentialforhelping

managersevaluatethecomplexityandresourcesoftheseforests(Kumar,2006).Trees

form themajorstructuralandfunctionalbasisoftropicalforestecosystemsandcan

serveasrobustindicatorsofchangesandstressorsatthelandscapescale.

(v)OtherSignificanceofForestDiversityStudy

Knowledgeofthegeneticdiversitywithinandamongforesttreespeciescouldprovide

animportantbasisformaintainingfoodsecurityandenablingsustainabledevelopment

(FAO,2014).Furthermore,according to Ilga and Yousry(2014),genetic diversity

assessments also serves severalimportantpurposes:(a)as a resource fortree

breedingandimprovementprogramstodevelopwell-adaptedtreespeciesvarietiesand

toenhancethegeneticgainforamultitudeofusefultraits;(b)toensurethevitalityof

forestsasawholebytheircapacitytowithstanddiversebioticandabioticstressors

underchangingandunpredictableenvironmentalconditions;and(c)thelivelihoodsof

indigenousandlocalcommunitiesthatusetraditionalknowledge.

Conclusion

Forestlossanddegradationremainmajorglobalconcernsasaresultofpressureson

forestlandsandtheeffectsofunsustainableuseofforestresourcesdespitethe

enormouseffortsinvestedtoachieveasustainableforestmanagementsystem.The

greatpotentialofforestgeneticresourcesisthusatriskofbeinglostforeverif

necessaryinterventionisnotputinplace.Forthisreason,thereisincreasingawareness

ofthecriticalvaluesofforestgeneticdiversityintheareaofconservationofforestsand

trees.

Thesustainablemanagementofforestsrequiresabetterunderstandingofthespecific

featuresofforesttreesandtheirgeneticdiversities.Foresttreespeciesaregenerally

longlivedandextremelydiverse.Acertainspeciescanoccurorsurviveinabroadrange

ofecologicalconditions,climaticconditionsorthreats.

Molecularmarkersandmarkermappingareessentialpartoftheintrusivenewgenetic

thatispushingitswayintoallareasofmodernbiology,from genomicstobreeding,
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from transgenictodevelopmentalbiology,from systematicstoecology,andeven,

perhapsespeciallyintotreeandcropphysiology.Thesearehelpfulinselectionfor

hybridity,diseaseresistanceandwoodquality,pestresistance,adaptabilitytosurvive

droughtorwettersite.Sometraitsandmarkersareconservedacrossrelatedspecies

andsocomparativegenomicsoftraitsandmarkersbetweentreesalsohelpinbreeding

process.

Markerswillprobablycontinuetoenjoyincreasedapplicationtoforestgeneticstudies

(such as diversity and conservation,phytogeography,mating systems)and tree

improvement(fingerprinting,paternityanalysis,breedingandtesting,QTLmapping,

MarkerAssistedSelection)thoughmosteffortislikelytobeconcentratedonfewhighly

valuedspecies.

Therefore,thegeneticdiversitystudyofforesttreesspeciescanhelpindiscovering

novelgenotypesthatcanadapttovariousconditionsandthiswillhelpinbreedingand

improvement.

Recommendations

Foresttreesdiversityassessmentisquintessentialintreebreedingandconservation

programmes.Ithelpsinunderstandingofthedynamicsofplantresources,sustainable

management,utilizationandconservation.Monitoringthediversityoftreepopulations

throughdiversitytrackinginprimaryforestscanimproveknowledgeonhowecosystem

servicesandgoodsarebeingdelivered.

Moreover,moreattentionshouldbedrawntomoleculardiversitystudiesofforest

species,asthiswillsavetimeintheevaluationprocessanditismoreefficientand

reliablethanthetraditionalapproach.
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