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Summary

Thisproject providesthe first accountof the ecologyandgeneticsof wild apple (Malussylvestri3, whichis probably
S c ot llemstudderstood and mostunderappreciatednativetree. Commonlyknownascrabapple,it is familiar
to peopleasa smalltree plantedin hedgerowsand on this basisforestersand ecologistappearto havedismissedt
asunimportant Infactit isacharacterfuland ecologicdl important nativetree, occurringin seminatural
woodlandandwood pastureacrossmost of Scotland.

Wild appleis a progenitorof the domestic(eating)apple—this beinga hybrid betweena sweetapplefrom eastern
Asiaand both Europearand Asianwild (crab)apples estimatedto havearisen1500-4500yearsago. Differentapple
specieshybridiseeasily andin recentcenturieswidespreadplantingof domesticapplesin Europehasled to these
hybridizingwith wild apples andrecentDNAstudiesshowthat between7-36%of apparentwild applesin various
Europearcountriesarein fact hybrids. Thisprojectinvestigatedthe situationin Scotlandand northern Englancby
comparingDNAmarkersin 342wild-grown apples andshowedthat 27%of apparentwild applesarein fact hybrids
betweenwild and domesticapple. However,in severalparts of Scotlancthere are substantialpopulationsof more
or lesspurewild apple;theseoccurringwhere there is a highincidenceof seminaturalwoodland,for examplein
LochLomondandthe Trossachszalloway HighlandPerthshireandthe LakeDistrict In contrastin the CentralBelt
andlowland Angus Aberdeenshireand Moray about 50%o0f apparentwild applesturned out to be hybrids. There
were someinterestinglocaldifferencesfor example,in the LakeDistrict, treesfrom Borrowdalewere almostall
wild apples,whereassamplesrom Patterdaleincludedmanyhybrids.Thereappearto be quite highlevelsof
geneticvariationin all populationsof wild apple with no geneticstructureto individualpopulationsand low genetic
differentiation betweenpopulations.ThestudyalsorevealedseveralAsiancrabappleshavebeenplantedin
Scotlandandthat theseare alsohybridizingwith wild apple.

In nativewoodlandandwood pasturethe vastmajority of appletreesappearto be selfsetrather thanplanted In
agriculturalareasin the lowlandstreeswere generallyof planted origin. Thisprojectprovidesthe first
unambiguousaccountof the distribution of wild applein northern Britain It hasstrongholdsin LochLomond,
TrossachsHighlandPerthshire Dumfriesand Galloway Ayrshire LakeDistrict, EasternBordersand around Contin
andasfar northwestasDundonell It isapparentlylargelyabsentin manypartsof Deesideand Strathspeyand
appearsoddly scarcein muchof the WesternHighlandsput is not wholly absenthere. Theincidenceof wild apple
reducesmarkedlyon acidlithology, but doesoccasionallyccuron favourablesites. Treedocatedat Dundonnell,
near Ullapool,are the most north-westerlyin Europeand one tree waslocatedon a seacliffof an uninhabitedisland
in Shetland Thehighestelevationtreeswere locatedat about 300m in both Scotlandandnorthern Englandput it
isapparentthey cangrow at higherelevationsthan this. Theyshowa verywide climatictoleranceandsomeof the
finestwoodsfor wild applewere near Seatoller LakeDistrict,the U K Wwedtestlocation(annualrainfall 3550mm).

Wild appleis well representedin woodland(45%of occurrences)andwood pasture(37%);with only 16%of
occurringin hedgesand pastures. In woodland,87%of occurrence®f wild applewerein native woodlandand 76%
werein ancientwoodland. Hybridapplesalsooccurin woodland,includingancientwoodland,but a higher
proportion were foundin hedgesand pastures(33%) It is in ancientwood pasturethat wild applesreachtheir
highestdensities with up to 10 maturetreesper hectare. In spring,thesetreesconstitute a very unexpectedand
attractive feature. Thereisreasonto believethat the pasturageof cattle in thesewoods,which continuesto this
dayin some,helpsthe recruitmentof appleregeneration. A significantproportion of wild applewere foundin
uplandsgulleyandriparianwoodlands.Thereis aninteresting largepopulationat highwater mark on the islands
andshorelineof LochLomondandwe assumethesehavespreadviafloatingapples.

Wild applesare mostcommonin oak-birchwoodland, but alsooccurin ashwoodsandalderwet woodland. The
mostcommonassociateglant speciesvere bracken bluebell,wood sorrel,broom andwoodsage(indicatorsof
oakbirchwoodland);wood avensand dogsmercury(indicatorsof ashwoodland);and creepingbuttercupand
rushes(indicatorsof alderwet woodland).Epiphyticichenand mosscommunitieson applebark appearto be acidic
in nature andnot particularlydiverse. Old horizontalbrancheshost luxuriousmosscarpets,sometimesncluding
commonpolypodyferns

Wild applesare more substantiatreesthan suggestedn the literature; the treesin this studyhadanaveragestem
diameterof 52 cm (at groundlevel),andamaximumof 120cm. Elevenof the 127 maturetreesmeasurechad
stemdiametersover 90 cm. Meanheightwas8 m, with amaximumof 14 m. We needto reviseour mental picture
of maturewild appletreesfrom smalltrees,to somethingmore the sizeof wild cherrytrees
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Most forestersand ecologistsare not lookingout for wild apples,and are not gooda recognizinghem whenthey
seethem. Applestreesarefairly distinctive,both closeup andwhenviewedat distance. Keycharacteristicare:
they haveverydensecomplexcrowns(rather like largehawthornsor blackthornsandfar dense than garden
appley; the uppercrown often hasa somewhatrregularappearancewith sparsestragglyindividualtwigs
emerging;the crownin winter hasa distinctivedark slate-greycolour. Whenin flower (mid-late May)they canbe
spottedat distanceby the pink (turningto white) flowers,whichcomeout aweekor sobefore hawthorn. This
paperprovidesguidanceon distinguishingvild applefrom feral domesticapples;but it isimpossibleto reliably
distinguishhybridsapplesfrom wild applesby morphologyalone.

Wild and hybrid appletreesflower andfruit regularlyand profusely;84%of wild applesand 92%of hybrid/ feral
domesticappleswere recordedasfloweringor fruiting duringthe 2 yearsof this project. Seedlots§rom 36 parent
treeswere planted;and 40%germinatedin the first spring,and 53%germinatedthe following spring. Farmore
seedlingggerminatedthe secondspring(75%).asopposedto the first spring(25%). Naturallyregeneratedsaplings
arerare; andthe bestexamplesarein areasof wood pasturewherethere is a history of pasturageof cattle.

Bothwild and hybridtrees appearto be about 60-120yearsold, sooriginatingin the late 19" to mid 20" centuries.
Theyappearto beincrediblyresilient. Theyblow over andresproutfreely as'phoenixtrees’; about 20%of mature
treeswere phoenixtrees, makingwild appleone of the mostadeptspeciest this growth form. Only2 of the
sampledtreeswere affectedby disease.

Forestersaand ecologistsneedto reviseour view of the tree, and setabout sortingsomeof the issueghat have
accompaniedur collectiveneglectof the species We suggesthat the name* w ialpd is adpted(asin other
Europearcountrieg to differentiate the native Malus sylvestrisrom the miscellanyof other treesthat gobythe
name*“ c raapbp 1\Wéld appleisregardedasthreatenedin severalEuropearcountriesbecauseof hybridisation

andlackof regeneration;thoughl U C dlerallassessmentor Europeisthat the speciess” d adteaf i cltis nt ”

goodconservatiorpracticeto ensurethat we maintainour best pure populationsof wild apple.In uplandareas
with fewer domestic/hybridapples(GallowaylochLomond/Trossachg{ighland Perthshireybridizationis likely
to be proceedingonly slowlyandthese populationscouldbe usedasseedsourcesThereis a needfor forest
nurseriesand seedsuppliersto ensurethey are seling M. sylvestrisand not a mix of wild appleand hybrids
NurseriesshouldDNAtest samplef their existingstockandin the light of the results,reconsidertheir seed
sources.

Wild appleneedsto be rehabilitatedasa more prominentandvaluedmemberof S ¢ o t |nativetdréesand
woods. Thepriorities are asfollows:

1. Professionaland popularforestryandecologyliterature shouldfeature wild applewith the same
prominenceasother tree speciesand provide an accurateaccountof the species.

2. Themain populationsof purewild applein native woodlandandwood pastureshouldbe cataloguedand
owners,managersaand agenciesnadeawareof their existenceandvalue.

3. Inareaswith frequentwild apple,ownersshouldbe encouragedo establisha new generationof trees.
Planting of other apple speciesn the wild shouldonly take placewith goodreason. Elsewhereacross
Scotland smalladmixturesof wild appleshouldbe plantedaspart of new native broadleavedvoodland.

4. Seedcollectionsfrom known pure populations shouldbe encouragedand seedorchardsset up using
knownwild appleparentsfrom acrossScotland. Nurseriesvishingto sellhybrid applesshouldlabeland
marketthem accordinglyand makecustomersawareof the differing conservatiorvalueof wild and hybrid
apples.

5. Thepotential of wild applesto help supportour threatenedpollinator speciesneedsto be explored.

6. Researcmeedsto be undertakento clarifythe invertebrate,plantand fungalassociate®f wild apple,its
regenerationbiologyandits adaptive geneticvariation.
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1. Introduction and Aims

Thisproject cameaboutasa result of havingencounteredimpressivewild applesin ancientwoodlands,in
unexpectedplaces(figure 1). Firstly,it turned out to be surprisinglydifficult to verify whetherthesewerethe
native apple (Malussylvestris)andthen we got puzzledby the fact that nothing usefulappearsto be known
aboutthe specieseitherin Scotlandor the UK. Thereare no paperspublishedin the UKon Malussylvestrisat
all; andthosefew forestry booksthat includea sectionon apples seemto makea hashof the topic. Sowe
know virtually nothing aboutwherewild applesgrow, nor their site requirements;andtheir distributionin
Scotlandchasneverbeenproperlydescribed. Of course,most peopleare familiar with the name'crabapplke’
andthink of small,scruffytreesplantedin hedgerowy “ s ¢ r ¢andon thasbagisit seensthat both
forestersandecologisthavedismissedhe tree asunimportant. Overturning that perceptionis one of the
aimsof this paper.

Malussylvestrigsthe 'forest apple'accordingo its latin name andis generallycalledthe * wialpd ine ”
other Europearcountries whereit hasbeenrather better studied It isa characterful,rare andecologically
significanttree that growswidely acrosscentraland westernEurope asfar north as67° N in coastalNorway—
seefigure 4 (Stepharet al 2003) Interestingly recentgeneticstudieshaveshownthat the lowly crabappleis
amajor contributor to the geneticmake-up of domestic(eating apples viahistoricalhybridisationwith sweet
applesfrom Asia(Cornilleet al. 2012,2014) Hybridisationcameaboutby the sweetapple (Malussieversi,
whichgrowsin spectaclar appledominatedforestsin mountainfoothillsin Chinaand Kazakhstarmakingits
way towardsEuropeoverthe millennia,with the help of trade alongthe SilkRoad. Onarrivalin the middle
eastandEuropeit crossedwith Europearcrabapples forming our domesticapple (Malusdomestica)these
crossedeingestimatedto havetakenplacebetween4500and 1500yearsago(Cornilleet al 2012). Domestic
applesare now grownthe world overandareoneof ma n k s mostéconomicallyand culturallyimportant
tree crops,with annualsalesin the UKaloneworth 846 million in 2014 - for comparisorthe GVA of forestry
in 2014was£540million and sawmillingE356 million (ForestryCommissior2017). Soby providinga critical
part of genomeof eatingapplesthe wild crabapplemadea very significantcontributionto humanwellbeing
Wild appleisthoughtto havecontributed severalvaluabletraits, suchaslater flowering, climateadaptation
resistanceo pestsanddiseasesand capacityfor longerstorageof fruits (Cornilleet al. 2012)

1.1 Geneticissues

However the rampantsucces®f the domesticapple - whichhasbeengrownin manyparts of the world for
centuries- now appearsto be startingto threatenthe longterm survivalof the wild appleasa species.Thisis
becausedhe two specieqM. sylvestrisand M. domestica interbreed,raisingthe possibilityof Malussylvestris
beingthreatenedby hybridization—in a similarwayto the fate of the Scottishwildcat (e.g.Larseret al 2006,
Reimet al 2012,Cornilleet al. 2014 Ruhsanet al. 2018. Hybrid apples(M. domesticax sylvestri} have
recentlybeenshownto makeup a significantproportion (7-36%)of populationsof wild crabapplesacrossa
rangeof Europearcountries(Cornilleet al 2014). Thishascontributed to the speciedeinglistedon IUCNred
datalistsin severalEuropearcountries(lUCN2011). Thisraisesthe questionof what is happeningn Scotland
Are the appletreeswe seein Scottishwoodsreally Malussylvestrisor actuallyhybridsthat havedeveloped
overthe centuries?

DNAmarkershavebeendevelopedin recentyearswhichallow usto differentiate betweenM. sylvestrisM.
domesticaandtheir hybrids(Cornilleet al. 2013)- this beingnecessanpecausehey cannotbe distinguished
reliablyby morphologicakharacteristics.We alsoset out to discoverwhichother applespeciesare presentin

1 GVAis GrossValueAdded



Figlb Smallwild applein ancientoakwoodlandin springGrandtully,Perthshire
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Figurelc Wild applewith a 17 m crownspancominginto flower in ancientwood pasture

Dumfriesand Galloway.

Perthshire.

Figureld Largewild appleon a ForestryCommissiorPlantationon AncientWoodland Site(PAWSFrenich,Tay

District



woodsin Scotlandgither dueto planting,or dueto the spreadof feral apples. Thereare roughly30-40
speciesf crabapplesworldwide,and someof thesehavebeenplantedquite widelyin Scotlandgespecially
Siberianand Chineseones(M. baccataand M. hupehensisespectively, andthosealsopotentially hybridise
with wild apple (Corbanl1986)

1.2Usingtheterm & ¢ A-fLRLIE S ¢

Theterm* c¢ ra @ lp ik peoblematic. Firstlyit doesnot necessarilyefer solelyto the EuropearappleM.
sylvestrisbut is generallyusedfor anyapplespecieproducingsmallfruits, to distinguishthesefrom
cultivatedapples. Somegardentreessoldascrabapplesappearto be domesticapplesspeciallybredto
producesmallapples addingto the confusionoverwhata“ c raapbp is. én"addtion, hybrid apples(M.
sylvestrisx domesticg are alsoreferredto ascrabapples asare the myriadhorticultural speciesand cultivars
soldin gardencentresandnurseries Thesecultivarsincludemanycomplexcrossesamongstapplesspecies
from all overthe world, and often the parentageis obscure Toclarifythis situation,in this paperwe adopt
theterm* wialpd to describegenuinenative M. sylvestrisandwe would encouragdorestry andecology
intereststo adoptthisterm. Thisisthe samewaythat the distinctionis madein other Britishnative spedes
with domesticcounterpartse.g.wild cherry,wild raspberry wild strawberry. Wild appleisthe form usedin
most other Europearcountriese.g.“villeple’ in Scandinaviarountriesand“pommiersauvagé in France.
Thissimpy makesit clearthat we haveone specief applethat is native andgrowsin the wild like any other
nativetree. Thisavoidsclumsyalternativetermslike“ t rcralea p p loE sw'itypealcraba p p Itoe s ”
distinguishnative M. sylvestrisrom the variousother crabapplespecieshybridsandcultivars

1.3Aims
Themainresearchquestionsaddressedvere:
1 Whatisthe distribution of the wild apple (M. sylvestri}in Scotlandandwhat areits basic
ecologicatharacteristics?
1 Ishybridizationwith M. domesticaoccurringin Scotlandandif so, what effectsmightthis have?
1 Arethere other applespecieggrowing in the countrysidein Scotlandplantedor feral) andwhat
specief appleare beingsoldasM. sylvestrisby forestry nurserie®
1 Canwe developmanagementndconservdion guidancefor wild apple?

Bytalkingto nurseriesandseedsupplierswe alsoconcludedthat there are highlylikelyto be problemsof seed
supply,becauseof hybrid or evenferal domesticapplesbeingusedasseedsources.Soanotherobjectiveof
this projectwasto encourageseedcollectionfrom genuineM. sylvestrisandthen planthe developmentof
graftedseedorchards, whichbringstogethergenuinewild appleparents We alsoconsiderif there might be
locationswhere geneticconservatiorof wild populationswould be feasibleand useful

Ourfieldwork revealedsignsof pastmanagementind useof wild applesandtheir hybrids andsothis paper
briefly reviewsthe evidenceaboutthe commonhistory of peopleandwild applesin Scotland We end by
proposinghow wild apples might be usedin the future: asa componentof nativewoodlands,asa spectacular
landscapéree, asa prolific producerofa“ n ewvnodforestp r o d asartimpprtant speciedor threatened
pollinatorinsects;and in the longerterm evenasa producerof decorativetimber.

2. Methods
2.1Locatingappletrees

Atotal of 342appletreeswerelocatedin Scotlandfocusingprimarily on wild apples(M. sylvestri3and
probablehybrids(M. sylvaica x domesticg, but alsoincludinga few feral domesticappletrees. Additional
speciesvere recordedwhenencountered mainly Chinesecrabapple (M. hupehensig and Siberiancrabapple
(M. baccatg. Treeswere locatedby the authorsand somewere volunteered by land owners.Severabatasets
provedhelpfuli.e.the NativeWoodlandSurveyof Scotland NWSSwhichidentified woodswith apples
present;the NationalBiodiversityNetwork (NBN) and AncientTreeHunt Inventory. Sometreeswere
recordedin Northern Englando addgeographicontext.
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Thetreeswere allocatedto one of the following eight geographicategions(Error! Referencesourcenot
found.2): LakeDistrict(LD,n=24),Dumfries(DF,n=89),CentralBelt (CB n=66),LochLomond(LL ,n=50),West
Coast{WC,n=9),Perthshire(PSn=72),Aberdeenshird AB,n=9)and Northern HighlandgdNH,n=23), including
one samplefrom Shetland.
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Figure2. The locations of the 2Atrees dividedrito broad geographical regiorisee Ruhsam et al. 2018)

2.2Datacollection

Thefollowinginformation and sampleswere recorded:

Location NationalGrid referenceand other information describingocationof all trees.

Treesizeand structure: Height,crown diameterand stemdiameterat groundleveland numberof stems(183
trees) Treesthoughtto have beenpollardedwere noted (11trees).

Leafcharacteristics The hairinessof the lower leaf surfaceasviewedthrougha handlens wasscoredon a
scale0-4. Thisisakeycharacteristidifferentiating M. sylvestrisand M. domestica(seetable 1).

Fruit size: Wheretreeswith fruit were sampledin the autumn, the diameter(horizontal)of a smallsampleof
fruits were measuredo givevaluesfor maximum,minimumandmeanfruit size(86trees).
Sitecharacteristics Hevation,topographicposition, habitat (ancientwoodland,nativewoodland,other
woodland,wood pasture,hedgerow field); NVCwoodlandcommunity,groundflora specieq205trees).

Identification to species

Treessurveyedby the authorswereidentified in the field basedon morphology with emphasison leaf
hairinesscrown structureand, if available fruit size(Stace2010, Tollefsrudet al 2014) Treeswere assigned
to the following classeswild apple,possiblywild apple, hybrid, possiblyhybrid, domesticapple other crab
apples(Asiatic)



Tablel AppleLeafHaiinessScoringand provisionalassignmento species.

APPLEEAMHAIRYNESSCORING

Scoredy inspectingthe undersideof leaveswith ahandlens Species

0 Bothpetiole and lower leaf surfacewithout hairs,or only afew
sparsehairson petiole andleaf marginat very base Hairsstiff and
spacedout.

1 Somehairs,generallysparse pn petiole, lowestparts of midrib
(typicallylower 20%of bladelength)andlower lateral veinsnear
leafbase.Noneon leafbladesurface Hairsgenerallystiff and
spacedout

2 Petioleandlower midrib andlower veinsobviouslyhairy to about
30%of leaflength. Onmosttreesthere will alsobe somehairson

ProbableWild Apple
Malus sylvestris

lower leaf surface mainlyin veinaxils. Probablehybrid apple

3 | Petioleandveinshairyto about50%of leaflength. Lowerleaf Malus sylvestrisx domestica
surfacesalsohairy. Onlyupperleaffree of hairs Hairsthin, downy,
andfrequent.

4 Petiole,veinsandleafsurfacelargelycoveredwith felted hairs. ProbableDomesticapple (Malus
Hairsthin, downy,andfrequent. domestica)

Geneticsamplingand DNAanalysismethod

Adetailedaccountof the geneticswork in this project hasbeenpublishedasa peerreviewedpaperin Forestry
(Ruhsanet al 2018)andthe methodsandresultsfrom that paperare summarizedelowin thisreport. A
singleleafwascollectedfrom eachtree anddriedin silicagel DNAwasextractedusingthe DNeasyPlantkit
(QiagenHilden,Germany)All sampleswere assayedor 15 microsatelliteloci usingthe four multiplex
reactionsMP1,MP2,MP3and MP4from Cornilleet al. (2012) STRUCTURR.3.3(Pritchardet al. 2000)and
NEWHYBRID&.1were usedto investigatethe populationstructureandlevelsof admixtureof M. sylvestris
and M. domesticain the 342 treesand 34 referenceMalussamplesFordetailsseeRuhsanet al 2018

Germinationstudies

Appleseedswere collectfrom 31 trees,whichwere later identified to speciesoy DNAanalysisas25wild
apple,3 hybrids(sylvestrisx dometicg and 3 domesticapples. Theseedswere plantedin the autumnin
potting compostandthe seedlingsvere alsoDNAtested to determinetheir species.

3. Results

3.1 Contactingprofessionals

Contactingprofessionaldor helplocatingappletreesin the wild revealedsomeintriguinginsights. Some
peoplethoughtthat Malussylvestrisvasnot native; but were feral appleshavingstarted life asrandomly
flungapplecores Othersthoughtthat all“ ¢ r applétreeshadbeenplanted. The otherwiseexcellent
Native WoodlandSurveyof Scotlandaddsto this confusionby listing“crabapple’ asnon-nativein the web
browsertool, but asnativein its main publication(ForestryCommissiorScotlandundated). Whilstaveryfew
professionalsvere ableto providegoodinformation on localwild applepopulations;most peoplecontacted
were largelyunawareof the presenceof the species.

3.2 Applespeciesn the wild in Scotland

The surveyrecordedatotal of 342 appletreesandrevealedthat in woods wood pasture,hedgesandfields
there arethe following species:
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1 wild appletrees (M. sylvestri$, mostof whichappearto be selfset, thoughwith someobviously
plantedtreesin the lowlands

1 afewtreeswhichlooklike horticultural cultivarsof M. sylvestris whichhavebeenplantedin lowland

hedgesor are possiblygardenescapes

hybridsbetween wild apple and domesticapplesespeciallyin lowlandareas.

feral domesticapples(M. domestic3,

planted Asiancrabapples Chinesecrabapples(M. hupehensisind Malusorientalig, and Siberian

crabapples(M. baccatg; andthesehavestarted to regeneratein the wild.

= =4 A

DNAanalysigevealedthat 70% of the treesrecordedwere wild appleand 27%were hybrids(mainlysylvestris
x domesticd (seefigure 3 from Ruhsanet al 2018. Highproportions of wild appletreeswere foundin Loch
Lomondandthe Trossactandin HighlandPerthshire where 90%and 84% of trees (respectivelywere wild
apple Inthe Dumfriesand Gallowaythe LakeDistrictabout 75%o0f treeswere wild apple Treesfrom the
Northern Highlandsmainlyaround Continand Dundonnellwere 80%wild apple. In contrast fewer than 50%
of treeswere wild applesin 3 regions:CentralBelt, Aberdeenshireand WestCoast(mainlysouthernArgyll).

o
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Figurel. Proportionof field collectedsampleswvhich were either pure M. sylvestrigblue)or of hybrid origin
(red) (from Ruhsanet al 2018) in the 7 regions.

In general,areaswith higherproportionsof wild appleswere in seminaturalwoodlandandwood pastureand
mainlyin uplandareas Treesfrom regionswith intensiveagriculture higherhumanpopulationsandrelatively
few nativewoodlandsike the Cential Beltand northern Aberdeenshirehad manymore hybrids Thesewill
havearisenfrom pasthybridisationevents;in the wild or accidentallyin by horticultural interests),andthen
multiplied by planting. Hedgesn the lowlandssometimehad a mix of tree speciesall assumedo be planted
i.e.wild apples hybridsand occasionatomesticapples. Thispattern of increasingproportionsof wild apples
in uplandseminaturalwoodlandappearsto reflect decreasindhybridisationopportunitiesasthe numbersof
domesticapplesin the landscapediminish.

Therewere someinterestinglocaldifferencesthat were not apparentin the field. Forexample,in the Lake
District,treesfrom Borrowdalewere almostall wild apples,whereassampledrom Patterdaleincluded
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hybrids whichwassurprisingbecausahesetreeswere in ancientwood pastureat highelevation(up to 300
m) and appearedto be naturallyregenerated.

Thereappearto be quite highlevelsof geneticvariationin all populationsof wild apple with no geneticstructureto
individualpopulationsandlow geneticdifferentiation betweenpopulations(Ruhsanet al 2018. Thisindicates
goodmovementof genesby pollination or seeddispersalincludingmovementby people) It is not possibleto
tell from DNAanalysisf there are differenceswithin the Scottishpopulationin adaptivecharacteristicsuchas
growth rate or survival-this would require provenancetrials.

Interestingly three treesfrom the WestCoastandtwo from the Trossach&ad geneticcontributionsof more
than 90%from Asiancrabapples. Chinesecrabapple(M. hupehensisand Siberiancrabapple (M. baccatd,
havebeenquite widely planted, mainlyby ForestryCommissionbut alsolocalauthorities,mainlyin the 1960
80saslandscapinglementson plantationedges andaroundpicnicsitesandbuildings.In Argyll,thesehave
overcomestaggeringgeographicashiftsand startedto regeneratefreely (P.Quelchpers.comm.). These
speciesappearto be hybridisingwith nativewild apple

3.30rigins - self-setor planted ?

In native woodlandandwood pasturethe vastmajority of appletreesappearto be selfsetratherthan
planted,thoughthis cannotbe wholly verified. The oppositeistrue in agriculturalareasin the lowlandswhere
treesappeargenerallyto be of plantedorigin. In wood pastureswith frequentwild applesthe highdensities
of this otherwiserare tree raisesthe questionof whetherthis isthe result of particularlyfavourable
regenerationconditions,or deliberateencouragementor possiblyevenhistoric planting. Inthe lowland
farmingareaswild applesandhybridsoccurmainlyin hedgesand smallrecentlyestablishedvoods and most
would appearto be of plantedorigin. Wefound plantedtreesof all sizessuggestinglantinghadhappened
continuouslyoverthe lasthundredyearsor more, andwasongoing. Thereis alsoa scatteringof treesbeside
roads,tracksandrailwayswhichare clearlythe result of accidentahumandispersalandtheseare mainly
hybridsanddomesticapples.

3.4 Speciedistribution

Figure4 showsa Europeardistribution map for Malus sylvestrisshowingits wide distribution acrossEurope
andits reducedfrequencyat its northern limits, includingScotland.
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Figure4. Distributionof wild applein Europe(Stepharet al 2003)
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Figure5 Distributionof Malussylvestrian Britainaccordingio the BSBNewAtlas
(www.brc.ac.uk/plantatlas/plant/malusylvestriss|)
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Figure6 Occurrenceof polygonscontainrecordsof “ ¢ raapbp froenthe NativeWoodlandSurveyof Scotland
(datacourtesyof ForestryCommissiorScotland).In practicethe dataincludeseveralspeciesof appleand
somerecordsare not appletreesat all (e.g.in westernArgylland Strathghlas|nvernessshire).
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Figure7 Distributionof wild appletreesverified by DNAanalysidgn this survey Thispartly reflects natural
factorsandpartly surveyingeffort. Note the lackof recordsin CentralLowlandsandthe recordsin NW
Scotlandand Shetland. Darkerdots representmultiple trees.

Figuress showsa distributionmapfor“ Ma Is y $ v epsducetby BotanicalSocietyof the Britishlisles
prior to this project. TheBSBmap comeswith animportant caveat,.e. "Thismap covershoth the native M.
sylvestrisandthe alien M. domesticaandthe two speciedybridiseand seemto be connecteddy a rangeof
intermediateswhich are includedon the mapandall recordsare mappedasif they are native.”
(www.brc.ac.uk/plantatlas/plant/malusylvestrissl). Figure6 showsadistributionmapof” ¢ raapbp | e s ”
producedby the authorsusingdatafrom the NativeWoodlandSurveyof ScotlandNWSS).Thesame
confusionregardingspeciegurns out to applyto the NWSSnap, whichalsorecordsapplesirrespectiveof
speciesandwe havesincediscoveredhat afew of the NWSSecords,includingmostin the western
Highlandsare falsepositives,i.e. they are not appleat all. Figure7 showthe distribution of known* wi | d
a p p Vesfiedby DNAanalysisusingdata from this project; andis the first mapthat overcomedifficulties of
identification,showingonly genuinewild apple(mainlynatural origin, someplanted).

Thethree mapshaveseveralcommonfeaturesi.e. that wild apple
9 hasstrongholdsin LochLomond Trossachand Perthshire Dumfriesand Galloway Ayrshire,and parts
of the EasternBorders.
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1 isapparentlylargelyabsentin manypartsof Deesideand Strathspey
1 appearsoddlyscarcejn muchof WesternHighlandsput not wholly absenthere.

FHgure 7 suggestdhat wild appleis lesscommonin the CentralBeltandin lowlandagriculturalareasin Angus,
Aberdeenshireand Moray than previousdistribution maps.

Theincidenceof wild applereducesmarkedlyon acidlithology suchasMoine and granites,in the sameway as
for elmandash.Howeveroccasionallyild appletreesare recordedon acidgeologyon favourablesitese.g.
severallargetreesat the westernend of LochRannoch.Onlylow numbersof treeswere locatedin the
westernHighlands.Possiblythe mostinterestinglocationat whichwild applewasfound in the westwason
the valleyslopesaboveDundonnell nearUllapool,where 7 apparentlyselfsettreesoccurin ancient
woodlandandwood pasture. Thesewere only recordedbecausehe estateownerandgardenerhada special
interestin the trees,andthesewould otherwisenot havebeenpickedup in this survey. Therehadbeen
botanicalsurveyson the estatethat hadrecordedthesetreesasearlyas1923(RiceD. pers.comm). If wild
appleoccursnaturallyasfar westand north asDundonnelljt isalmostcertainlypresentelsewherein the
WesternHighlandssothe apparentlackof it hereis probablydueto insufficientsurveying. Thereisalsoa
clusterof wild applelocatedaroundContinand Torrachility,which are currentlythe mostnorthern recordson
the mainland.

Elevation

Thehighestelevatonstreeslocatedwere at about 300 m in both Scotlandandnorthern England Thehighest
tree in the LakeDistrictisat 305m in Patterdale,on an exposedidge (seefigure 9); andthis hybrid tree had
grownto 10 m tall andover 70 cm stemdiameter,hadits top 8 m blown out, but wasregrowingvigorously-
suggestinghat appleis capableof growingat higherelevationsthan this.

3.5Climaticconditions
Wild applesandtheir hybridsoccurin a verywide rangeof climatic conditions(seefigure 8) i.e. in areaswith:
1 annualrainfallrangingbetween600mm(Lothians}o over 3000mm (LakeDistrict);
1 annualtemperaturerangingfrom over 1500daydegreeqlowlandDumfriesand Gallowaycoast)to
1100daydegreegShetlandanddownto 700-800 day-degreeson someuplandsites.

Someof the finestwoodsfor wild apple,with the highestdensitiesof appletrees,were at Thorneythwaite,
near Seatoller LakeDistrict,the U K Wwedtest location(annualrainfall 3550mm). Thisclimaticenvelope
encompassesonditionsfound overvirtually overall of Scotlandbelowabout 2-300m andit canbe concluded
that climaticconditionsare unlikelyto limit the occurrenceof wild applesanywherein Scotlandbelowthis
elevation Thissuggestghat the scarcityof appleson fertile sitesin northern and westernScotlands more
likelyto be the resultof land usehistory rather than site limitations. It shouldalsobe noted that atree from a
seacliff on anuninhabitedislandin Shetlandturned out to be awild apple,illustratingparticularlyimpressive
climatictolerance.
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Figure8 Theclimaticenvelope of wild applein Northern Britainin terms of annualtemperatureand
precipitation

3.6 Habitat and site characteristics
Table2 showsthe breakdownof broadhabitatstypesin whichwild and hybrid/feral domesticappleswere
recorded. Overthe whole studyarea:
1 wild appleis well representedin woodland(45%of occurrences)andwood pasture(37%);
1 only16%of wild applesoccurredin hedgesand pastures;
1 inwoodland,87%o0f occurrence®of wild applewere in nativewoodlandand 76%were in ancient
woodland.

Theproportion of wild applesin ancientwoodlandwashighestin HighlandScotland44%)andlowestin
LowlandScotland8%). Soin LowlandScotlam where ancientwoodlandis scarce mostwild applesappearin
hedgesand pasture(58%of occurrencesandin recentwoodland. Most of the wild applesin the LakeDistrict
were locatedin ancientwood pasture(75%)andare thoughtto be selfset. Theocaurrenceof wild applesin
ancientwood pasturewasalsohighin the SouthernUplands(65%). Thisevidenceconfirmsthe viewthat
there aretwo fairly distinct populationsof wild applesi.e.

1 Arelativelylargenumberof naturalorigintreesthat are part of the naturalcompositionof native

woods(ancientand secondaryjandwood pastures.
1 Asmallernumberof plantedtreesin hedgesandrecentwoodland.

Thepictureisrather different for hybrid andferal domesticapples(table 2). While most of thesewere still
foundin woodland(53%of occurrences)they were more commonlyfound in hedges pastureand moorlands
thanwild apples(33%asopposedto 17%). It isinterestingthat we still found a few hybrid applesin ancient
woodland(thoughonly 11treesin total). Thesehaveall the appearancesf havingarrivedby naturalmeans
andasaresultof naturalhybridization(rather than beingplanted stock);but we will neverknowtheir origins
for certain.
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Table2 Thefrequencyof wild applesand hybrid/domesticapplesin different broad habitatsandregions Note
that for hybrid/ feral domesticapples,samplenumbersfor individualregionsare too low to draw conclusions.

PERCENTA@ETREESN DIFFERENTABITATS
Wild apple
HABITAT Highland | Southern | Lowland | Lake Total Total no.
Scotland | uplands | Scotland | District of samples

AncientWoodland 44 31 8 0 34 56
Other native 5 4 8 0 5 9
woodland
Non-native (mixed) 6 4 25 0 6 10
woodland
ALLWOODLAND 55 39 41 0 45 70
Wood pasture 29 65 0 75 37 61
Hedgespasture, 14 8 58 25 16 28
moorland
Other 3 0 0 0 2 3

TOTAL 100 100 100 100 100 158

PERCENTAGETREESN DIFFERENHABITATS
Hybrid and feral domesticapples
HABITAT Highland | Southern | Lowland | Lake Total Total no.
Scotland | uplands | Scotland | District of samples

AncientWoodland 49 20 0 20 26 11
Other native 6 0 21 0 10 4
woodland
Non-native 12 0 36 0 17 7
woodland
ALLWOODLAND 67 20 57 20 53 20
Wood pasture 0 60 0 60 14 6
Hedgespasture, 33 20 43 20 33 14
moorland
Other

TOTAL 100 100 100 100 100 40

Againthere appearto be 2 populationsof hybrid/feral apples:

1 Plantedtreesin lowlandhedgespasturesandrecentwoodland,whicharethe resultof either seed
havingbeencollectedin the wild from hybrid populations;or of breedingby horticultural nurseries
(deliberateor accidental).

1 Asmallnumberof natural origin hybrid treesin native woodlandwhich havepresumablyarrivedas
the resultof introgressiorof domesticgenesinto wild populations.
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Figure9 Thehighestwild applelocatedat 300min Patterdale LakeDistrict. It hashadits top 8 m blown out,
but isregrowingvigorously

Figurel0 Themostnorth-westernwild appletree recordedin Scotlandat 200melevationnearDundonnell,
southof Ullapool.
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Asignificantproportion of wild apples were found in uplandgulleys andriparianwoodlands which may simply
reflectthat thisiswhereremnantnative woodlandis mostcommon or mayindicatean ecologicapreference.
Thereis aninterestingand quite largepopulationat highwater mark on the islandsandshorelineof Loch
Lomondandwe assumehesehavespreadviafloating apples. Thesdochshoretreesseemto be ableto

thrive in a surprisinglywide variety of soilsincludingwet sandand gravel,rock creviceshbog myrtle miresand
deepalluvialgleysand brown earths. We havealsoobservedapplesfloating down watercoursesso water
may be one dispersamethod.

Wild applesarereportedin the Europearliterature asgrowingonly in openconditionssuchaswoodland
edgesandhedgesandthisisinterpreted asthe speciedeingintolerant of shade(e.g.Stephan2003). In this
surveywe found severaltreesin far more shadedconditionsincludinga few growing,andfruiting, in partial
understoryunderoak. Thespeciesn Scotlands probablymore shadetolerant than the literature suggests.

Wild apple in wood pasture

Wild appleis alsostronglyrepresentedin wood pasture(37%of records);this beingparticularlyobviousin
southernScotlandandthe LakeDistrict but alsooccurringelsewhere asfar north asDundonnel] Inverness
shire It isin ancientwood pasturethat wild applesreachtheir highestdensitieswith up to 10 maturetrees
per hectare. In spring,thesetrees constitute a very unexpectedand attractive feature (seefigures12). There
isreasonto believethat the pasturageof cattle in thesewoods,which continuesto this dayin some,is
beneficialto recruitmentof apple regeneration Thisprobablyexplainghe strikingfrequencyof wild applein
placedike Gallowaywhich havea particularlystronghistory of uplandcattle farming.

Woodland communitiesand associatedree and plant species
Wild applesoccurredin oakwoods birchwoods,ashwoodsandwet alderwoodland,showingquite high
ecologicatolerances(seetable 3). Theyare howevermostcommonin oak-birchwoodland.

Table3 Ocairrenceof wild applein different woodlandtypes

NVCWoodlandtype NVCtype Proportion of records
Oakbirchwoodland MainlyW11,someW10 59%
Ashwoodland W9 23%
Alderwet woodland W7 18%
100%

Thetree andshrubspecieggrowingin the immediateproximity of wild appletreesreflect the mainwoodland
typesi.e. oak,birchashandalder (table4). Thehighincidenceof hawthornis eye-catchingithe specieseing
one of the mostcommonassociatesn wood pasture,andraisesthe questionasto whetherregeneration
conditionsthat favourwild applealsofavourhawthorn.

Table4 Occurrenceof native treesand shrubsgrowingin vicinity of wild apple

Treespecies Proportion of Shrubspecies Proportion of
locationswith locationswith
specieq %) specieq%)

Oak 17 Hawthorn 18
Birch 16 Hazel 9
Ash 12 Willow 3
Alder 9 Blackthorn 2
Rowan 5 DogRose 2
Holly 5 Juniper 1
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Table2 Thefrequencyof wild applesand hybridddomesticapplesin different broad habitatsandregions Note
that for hybrid/ feral domesticapples,samplenumbersfor individualregionsare too low to draw condusions.

PERCENTAGHETREESN DIFFERENTABITATS

Wild apple
HABITAT Highland | Southern | Lowland | Lake Total Totalno.
Scotland | uplands | Scotland | District of samples

AncientWoodland 44 31 8 0 34 56
Othernative 5 4 8 0 5 9
woodland
Non-native (mixed) 6 4 25 0 6 10
woodland
ALLWOODLAND 55 39 41 0 45 70
Wood pasture 29 65 0 75 37 61
Hedgespasture, 14 8 58 25 16 28
moorland
Other 3 0 0 0 2 3

TOTAL 100 100 100 100 100 158

PERCENTAGHETREESN DIFFERENTABITATS
Hybrid and feral domesticapples
HABITAT Highland | Southern | Lowland | Lake Total Total no.
Scotland | uplands | Scotland | District of samples

AncientWoodland 49 20 0 20 26 11
Other native 6 0 21 0 10 4
woodland
Non-native 12 0 36 0 17 7
woodland
ALLWOODLAND 67 20 57 20 53 20
Wood pasture 0 60 0 60 14 6
Hedgespasture, 33 20 43 20 33 14
moorland
Other

TOTAL 100 100 100 100 100 40

22




Figurell Example®f wild appletreesat the shorelineon the LochLomondislands growingin shingle rock,
andsand.

About40 groundflora speciesvere recordedgrowingwith wild applestrees. Themostcommonassociated
speciesvere bracken bluebell,wood sorrel,broom and woodsage(allindicatorsof oak-birchwoodland);
wood avensand dogsmercury(indicatorsof ashwoodland) and creepingbuttercup andrushes(indicatorsof
alderwet woodland). Ancientwoodlandindicatorspeciesvere well represented. Epphytic lichenand moss
communitieson applebarkappearto be acidicin nature andnot particularlydiverse. Old horizontalbranches
sometimeshostluxuriousmosscarpets,sometimesincludingcommonpolypodyferns.

3.7 Treedimensionsand structure

Wild applesarerather more substantiattreesthan suggestedn the literature, with an averagestemdiameter
of 52 cm (at groundlevel),anda maximumdiameterof 120cm (seetable 5). Elevenof the 127wild apple
treessampledhad stemdiametersover90cm. Thisisverydifferent to somepublishedaccountsfor example
Stepharet al (2003)suggest maximumstemdiameterof 45cm. Meanheightwas8 m, with a maximumof
14 m; well in excesof the valueof 10mwhichis generallyquoted. Averagecrowndiameer was8 m, with a
maximumof 17 m (whichisthe tree in figure 1c). Sowe needto reviseour mentalpicture of mature wild
appletreesfrom smalltrees,to somethingmore the sizeof wild cherrytrees.
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Hgure12 Wild appleandoakin ancientwood pasturenear St. JohnsTown of Dalry,Galloway

Thehybrid applesin this surveywere rather smallerthan the wild appletrees,but we suspectthisisnot a
biologicalreality but is an outcomeof sampling. A higherproportion of hybrid treeswere younger,smaller
plantedtrees,whereaswild appleswere largerolder self-settrees. Applescoppiceandpollardveryeasily.
Oursampleincludel4 apparentpollardtrees(seefigure 13),andin the LakeDistrictwe found signsof

relativelyrecentpollard cutting.

Table5 Sizeof wild and hybrid appletrees

Stemdiameterat | Tree Crown Numberin
groundlevel height(m) | diameter(m) | sample
(cm?

Wild apple Min 6 2 2

M. sylvestris Max 120 14 17 134

Mean 52 8 8

Hybrid apple Min 10 2 2

M. sylvestrisx | Max 101 11 13 31

domestica Mean 44 6 6

1 Diameterwasmeasuredat groundlevelbecauseof the complexbranchingstructure of manystems. Thediameterestimatesfor

multi-stemmedtreeswasdone by summingthe individualstems,and convertingto an equivalentdiameter.
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Figurel3 Pollardwild appletree at LochKatrine

3.8ldentifyingwild applestrees

Oneproblemthat hasbecomeapparentisthat most forestersand ecologistsare not lookingout for wild
apples,andare not gooda recognizinghem whenthey seethem. Thefirst challenges distinguishingapples
from other tree speciesApplestreesare actuallyfairly distinctive,both closeup andwhenviewedat distance.
Keycharacteristicghat helpin recognizinghem are: they havevery densecomplexcrowns(ratherlike large
hawthornsor blackthornsand far more densethan gardenapple9; the uppercrown often hasa somewhat
irregularappearancewith sparsestragglyindividualtwigs often emerging;the crownin winter hasa
distinctivedarkslate-greycolour. Whenin flower (mid-late May)they canbe spottedat distanceby the pink
(turning pale pink to white) flowers,whichcomeout aweekor sobefore hawthorn (but onceboth arein
flower they are hardto distinguishat distance).

Figurel4 Anopengrownwild appleshowingthe densecomplexcrownsimilarto the nearbyhawthorns,but
largerand comingout into flower earlier
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Figurel5 Thetypicaldark slate-greywinter colourof a wild apple with its densecrown,in contrastto nearby
birchesandash.

Thesecondchallenges differentiatingwild applefrom domesticand hybrid apples. Most studieshave
concludedthat it is not possibleto distinguishwild applefrom hybrid appleswithout error usingmorphology
alone;andthis project cameto the sameconclusion.In this study 70%of treeswere correctlyidentified in the
field usingmorphologicakharacteristics.lt shouldbe noted that the authorswere attempting this with little
prior knowledgeor experienceand we becamemore skilledastime progressed.Ourresultsprovidesome
guidanceon how recognitionof wild applecanbe improved.

Wild applesare far more likelyto havehairlesdower leaf surfaceghan hybrid or domesticapples,andthis
featureis usedadiagnostidn manyfloras(e.g. Stace2010. Wild appleleaveslook superficiallylike the leaves
of domesticapples,but are smaller,shinierandstiffer; andlackthe densedownyhairson the leafunderside
(seefig 13). Leafsizewasmeasuredn a smallin a subsetof trees(the largestleafin a typicalwhorl): for wild
applesthe averagdength (petiole plusblade)was84mm (min 56, max116),whereasfor domesticapplesthe
meanlengthwas125mm (min 113,max140)(seefigure 16). Leavesare held in whorls (excepton current
yearlongshoots),with leaf sizeand shapevaryinghugelywithin individualwhorls. Theundersideof leaves
appearto berather hairierin currentyearsshootscomparedwith older growth; andthis shouldbe takeninto
accountin assessingairines (bestto useolder growth from lower downthe tree).

Theassociatiorbetweenleafhairinessand specieds far from perfect. Table6 showsthe leaf hairinessscore
(viewedcarefullyusinga handlens)recordedin the field, andthe correspondingdentification to speciesusing
the DNAmarkers. Fortreeswith aleafhairinessscoreof 0 (no hairs— seetable 1), 84%turned out to be wild
apple,meaningthat this givesthe correctidentification84%of the time (approximatelys out of 6). Fortrees
with aleaf hairinessscoreof 1 this dropsto 75%(3 out of 4 trees). Treeswith leafhairinessscoresof 2 and 3
(partly hairy),whichone might assumewere mainlyhybrids,were in fact more often wild apples;andthe
diagnosiof hybridapplewasonly correct 42%and 28%o0f the time. Thingsget better againwith treeswith a
leaf hairinessscoreof 4, whichwere correctlyassignedo hybrids80%of the time; but evenamongstthe 5

“ h a treeystrveyedpneturned out to be awild apple (CraigFarm,Galoway). Overallif one hadusedonly
leaf hairinesgfor distinguishingwild applesfrom hybrids(i.e.leafhairiness) and 1 =wild apple,leafhairiness
2,3and4 =hybrid),the diagnosisvould be right 70%of the time.
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Figurel6 Learesof wild apple(4 left handpictures) with leaveschosenasthe largestin a typicalwhorl on
older shortshoots;anda leaf from a feral domesticapple(right handpicture)

Inreality leaf hairinesscanhelp distinguishwild applesandferal domesticapples,but doesnot help with the
identificationof hybridsbecauseof the overlapin characteristichetweenwild and hybrid apples.It shouldbe
bornin mindthat the assessmenof leaf hairinesswasdoneacrossall times of year,and only on a sample of 1-
3 leaves;andif donemore carefullymight haveyieldedbetter results.

Table6 Identificationto specieshy leafhairinessTreeswith scoreof 0 and 1 were assignedo wild apples,
scoresof 2, 3and4 to hybridsapples.

Leafhairiness SpeciedDvia DNA Sample | %correcty
score(asper markers(numbersof | size identified
table 1) trees)
wild Hybrid Total
apple apple
0 81 16 97 84
1 50 16 66 76
2 20 15 35 43
3 13 5 18 28
4 1 4 5 80

Fortunatelyit is possibleto makegoodinformedfield judgementsto identify the more obviouswild apples
anddomesticapples. Thisrequiresmultiple characteristicto be used;the mostusefulappearingo be
hairinessof lower leaf, leaf sizeand stiffness,and crown density/complexity(seetable 7). Usingall these
featurestogether shouldbe afairly reliableway of identifyingwild appleswith “ t y p éharascteristicsywhich
isthe majority. Otherpotentially usefulspecialisitharacterisics mentionedin the literature but not evaluated
hereare:wild appleshavesmallerdiameter shoots;pointed smoothandlargelyhairlessbudsin winter; and
the flower budsonly havehairson the edgesof their scalegMitchell 1992).
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Table7 Fieldcharacteristicgor differentiatingwild applefrom feral domesticapple

CHARACTERISTIC

WILD APPLE

FERADOMESTIBPPLE

HAIRINESSFLOWER
LEARVHENVIEWEBY
HANDLENS

Score=0 Both petiole andlower leafsurface
without hairs,or only a few sparsehairson
petiole andleaf marginat very base.Hairsstiff
andspacedout.

Score=1 Somehairs,generallysparsepn
petiole, lowestparts of midrib (typicallylower
20%of bladelength)andlower lateral veinsnear
leafbase.Noneon leafbladesurface Hairs
generallystiff and spacedout

Score=4 Petiole,veinsandleaf
surfacelargelycoveredwith felted
hairs. Hairsthin, downy,and
frequent.

LEAFCHARACTERISTICS

Leavesaretypicallysmallerthan domestic

applesi.e. petiole plusbladeof largestleavesin
typicalwhorlin JulyOctoberlessthan 100mm.
Leavesstiff, somewhatshinyon both surfaces.

Leavedarger,i.e. petiole plusblade
of largestleavesin typicalwhorl in
JulyOctober<more100mm. Leaves
softer and often matt.

mature horizontallywhen mature and often less
than 30 mm; usuallygreen,green-yellow,
occasionallywith red tinges(latter maybe
horticultural cultivars)

CROWN Denselybranchedtangled,especiallywhen Crownismore“ s € & r o legsh”
mature. complexandwith somestraighter
branches.
APPLES Smalllessthan 35 mmin diameterwhen Large(typically>40mm when

mature); variablecoloursbut often
with somered colouration.

3.9 Floweringand fruiting

Bothwild and hybrid appletreesflower and fruit regularlyand profusely. In the two fieldwork season®f this
project, 84%of wild applesand 92%of hybrid/ feral domesticappleswere recordedasfloweringor fruiting;
thoughit is not possibleto sayhow typicaltheseyearswere. Inthis respectappesare like other regularly
floweringtreesin the Rosaceagsuchas cherriesandrowan; anddifferent from manywind pollinatedtrees
wherefloweringis more variable Fruitis producedin significantquantitieson mosttreesandrepresentsa
consideralte annualinvestmentof resouces Thefall of applesisvariable,with mosttreesdroppinglarge
quantitiesof fruit duringthe autumn (seefigure 17), but othersretainingapplesin the crown duringwinter,
andsomevery occasionallyersistinginto the following spring(seefigure 18).

Figurel7 Aheavycrop of fallenapplesfrom a hybridtree, Bridgeof Earn(photo AndyFairbairn)
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Applesare insectpollinated,and muchinsectactivity takesplacearoundtreeson still, sunnydaysduring
floweringin mid- late May, with beesbeingprominent, but alsohoverflies, fliesand occasionallypeetlesalso
present.

Figurel8 Previousyearsapplesretaineduntil nextfloweringseasonpPatterdale LakeDistrict

Applesize
Applesfrom wild appletreesare smalker than thoseof hybrid apples;on averagewild applesare 28 mmiin
diameter,asopposedto 32 mm for hybrid apples(seetable 8).

Table8 Fruitsize

SPECIES Mean fruit size | Totalrange | Numberin
(mm) in size sample
Wild apple Min 25 19
M. sylvestris Mean 28 59
Max 31 45
Hybrid apple Min 27 21
M. sylvestrisx | Mean 32 25
domestica Max 33 50

Thereis considerableoverlapbetweenthe fruit sizesof true and hybrid wild apple,whichmakesit difficult to
useapplesizeasa meansof tellingthe two speciesapart. Howeverit is still possibleto useapplesizeasa
factor alongsideothersto help distinguishwild apples— if applesizeis consistentlybelowabout30 mm, this is
usefulsupplementaryevidenceto supportaidentificationof wild apple andthe smallerthe applesthe more
likelyit isto be wild apple;andif it is consistentlyaboveabout 32 mm thisis evidencefor a hybridtree.

3.10Germinationandregeneration
Seedgierminatereadily. Seedlotfrom 36 parenttreeswere plantedin compostin a seedtray andleft
outdoorsoverwinter; and40%of the seedlotsgerminatedin the first spring,andthe other 53%germinated
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the following spring Only2 seedlots(7%) failedto germinate Severakeedlotsproducedseedlingdoth years.
Farmore seedlirgsgerminatedthe secondspring(75%), asopposedto the first spring(25%). Seedlinggrew
with recognisabldeavesfor the first seasonput from 2 yearsonwardsleaf sizereduceduntil the plants
lookedmore like blackthan, includingspines

Naturdly regeneratedsaplingsare occasionallfound; andthe bestexamplesare in areasof wood pasture
wherethere is a history of pasturageof cattle. Olderwild appleseedlingdook rather like blackthorn(figure
19); andthis addsto the challengeof findingit.

Figurel9 Left: Alargeseedlingof wild appleshowingblackthornlike appearanceRight:A sapling showing
blackthornlike lower crownandapplelike uppercrown.

3.11Treeage

Most trees,both wild and hybrid, were typicallyfairly old. Bydoingring countscutting sectionsof lower
branchesof a smallsampleof treeswe estimatethat mostwild and hybrid treeswere about 60-120yearsold.
Thiswould date their establishmento the late 19" to mid 20" centuries when manynative woodsexpanded
asaresultof agriculturalabandonmentduringeconomicdepressionsor deliberateprotection asforestry
practicedeveloped. Alargeproportion of oldertreeshadmany” v e t eharmaatetisticsThereappearedio
be few veryold treesand somelargetreesturned out to be youngerthan they first appeaed.
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3.12A hardytree

Thevastmajority of the treessurveyedwere in verygoodhealth. Theyappearto beincrediblyresilient. They
blow overandresproutfreely as'phoenixtrees’, about 20%of mature treeswere phoenixtrees, makingwild
appleone of the mostadeptspeciesat this growth form. Asizeableproportion of the oldesttreesgrow
hollow then collapse but then get a secondwind and start growingagainasphoenixtrees. Brokenlimbswill
live on andrecoverprovidedthey are connectedto the main stemby the thinneststrip of bark. We haveonly
foundtwo tree apparentlyaffectedby disease.

Figure20 Oldtreesoften splitasaresultof a hollow stemand/or a codominantfork, but the fallen parts of
treesusuallycompletelyrecoverand grow on asphoenixtrees

Figure21 Atree recoveringfrom havingbecomehollow and collapsedLikeall phoenixtreesthey are
susceptibleto beingkilled by browsingafter collapseand this probablyhappenedto the right-handpart of this
tree.

31



4. Discussion

Thisreport highlightsfour mainissues:

1 Wild appleis one of our most characterfulnativetrees,and one whichis poorly understoodand
underappreciated Wild applehaspotential asa spectaculatandscapéree, asa prolific producerof a
“ n evnodforestp r o d andasdnimportant speciesor threatenedpollinatorinsects

1 Widespreacdhybridizationbetweenwild applesand domesticappleshasbeentakingplace especially
in lowland areaswhere domesticapplesare common

1 Weneedto better understandecologicaplaceandvalueof wild applein our ancientwoodsand wood
pastures

1 Thecurrentgenerationof wild applesis quite old, naturalregenerationis apparentlyscarceand sowe
needto establisha new generationin our woodsandwood pastures

We havemadegoodprogressn the lastfew decadedncreasingur understandingpf S ¢ o t |raherdmited
palette of nativetreesandshrubs Thishasinvolveda seeminglyhaphazardorocesswvherebyselectedspecies
receivedparticularattention: first Scotspine andoak, then birch staringin the 1980s followed by aspen,
juniperandlatterly our montanewillows. Some specieshavemissedthe spotlightaltogether, andnonemore
sothanwild apple. We suggesthat forestersand ecologistseedto reviseour view of the tree, and setabout
sortingsomeof the issueghat haveaccompaniedur collectiveneglect.

Firstlywe suggesthat we adoptthe name“ w ialpd to differentiate the native Malussylvestrifrom the
miscellanyof other treesthat go by the name*“crabappl€’; soaswe all knowwhat we are talkingabout. The
term “crabapple’ isdesignedo confuse becauset sweepsup all sortsof appleswith smallfruits and
confusingparentage manyof whichhavenothing to do with M. sylvestris Forexample the hugelypopular
gardencrabappleMalus® E v e rterrss duetd be crossbetweenMalusdomesticdRomeB e a w Malus
floribundaclone821 (Decourtyel977) Theleastwe candoisto useanamethat establisheslea water
betweenour nativetree andeverythingelse.

4.1 Hybridisation
Thenextbigissueisto publicisethe ongoinghybridization(more correctlyintrogression)etweenwild apple
anddomesticapples. Imaginethe furore there would be if we haddiscoveredhat Scotspine hadbeen
unobtrusivelyhybridizing and now overa quarter of Scotspine in Scotlandvere in fact hybrids. Thatis more
or lessthe situationwith wild apple. Thisintrogressioncomesaboutbecausehere are no reproductive
barriersbetweenapplesspecieswhilst at the sametime they havestronglys e hcbmpatiblereproductive
systensthat favouroutcrossingandbecauseof the widespreadcultivation of apples(Cornilleet al., 2015). It
isgoodconservatiomracticeto ensurethat we hold on to our bestpure populationsof wild apple We
therefore need to be carefulwhat we plantin the future wherethe intention isto plantwild apple Thereisa
needfor forest nurseriesand seedsupplierswho claimto sellM. sylvestristo ensurethat they havegrownthe
right thing, andnot a mix of wild appleand hybrids,whichwe suspecto be the casecurrently. Theroute to
thisis straightforward. NurseriesshouldDNAtest samplesof their existingstockandin the light of the results,
reconsidertheir seedsources. Thisis potentiallyimportant becausea recentstudyin Franceshowedthat all
commerciallyavailableseedthere (andincludinga smallsamplefrom the UK)showedhighlevelsof
hybridization(Fuerteyet al 2017) Inthe shortterm, seedcollectionscouldeasilybe arrangedfrom wild apple
populationsshownto be more or lesspure M. sylvestridy this project. Thenseedorchardsneedto be
establishedusinggenuinewild applesparentsfrom acrossScotlandandlocatedreasonablyfar awayfrom
cultivatedapples Thiscouldbe isacheapproces andwould start to yield seedfairly quickly Forowners
who arelessconcernedaboutthe specieghey are growing,sayfor hedging hybrid applesmight be
acceptableput againnurseriesandtheir clientsneedto be informed aboutexactlywhat they are trading.
Hybridapplesare interestingand characterfultreestoo, andthere are no obvioussignsof them beingpoorly
adapted(Fuerteyet al 2017),nor beingpoorerhoststo wildlife. So we canbe relaxedabouttheir presencean
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certaincircumstances.e. wherethey are alreadycommonandin regionsisolatedfrom populationsof wild
apple.

Hybridisationrequiresinsectsto carrypollento andfro betweenwild applestreesanddomesticones. Most
of the hybridtrees are the resultof a multistageprocesq* b amdsego wilda p p)l Frstlyan F1lhybridis
formed whenawild and domesticappletree cross;then this tree crosseswith anotherwild appleto produce
the backcross.Obviauslymanyvariantsof this processcandevelopover multiple generationsandthe long
history of domesticapplesin Scotlandhascreatedample opportunitiesfor this happen. Oneimportant aspect
of this processhingeson the proximity of applestreesto eachother, andhow far a beeor other insectmight
beinclinedto fly duringpollination. A few studieshaveinvestigatedthis, and showthat the maximum
distancecanvaryconsiderablyfrom asshortas300m (Larsen& Kjeer2009) to asfar as4 km (Feurteyet al.
2017)andoccasionally{presumablya windy day or a confusedbee!) even1lkm (Reim et al. 2015) However
whereappletreesgrow closetogethermostpollination eventsare short distance for exampleFeurteyet al.
(201 7)reportedthat 75%o0ccurredat distanceof lessthan 100m and 25%below 15 m; and only about 5%of
the pollinationeventsoccurredbetweentreesmore than 1 km apart. The numberof hybridizationevents
increasedasthe distancebetweenwild appletreesincreasedbecausepollinatorsthen needto fly larger
distanceswhich presumablyincreaseghe chanceof encounteringdomesticatedappletrees. Whatthis tells
usisthat in uplandareaswith fewer domestic/hybridapplesand areasonablenumberof wild apples
(GallowayLochLomond/Trossachs{iighlandPerthshire)hybridizationis likelyto be proceedingonly slowly
becauseahe pollinatinginsectswill rarely encounterdomesticor hybrid appleson their journeys. These
populationsshouldtherefore be of priority for conservatioractionin orderto safeguardVl. sylvestrisasa
speciesandthesewould alsomakegoodseedsourcesHoweverin lowlandareaswith more hybridsand
domesticapples hybridizationwill be proceedingfaster andtheseshouldnot be usedasseedsources.

4.2 Anew generationof wild appletrees

Thecurrentgenerationof wild applein nativewoodlandappearto be mainly60-120 yearsold, and
regenerationappearsscarce Somore basicfieldwork needsto be doneto evaluatethe occurrenceof
regeneration;startingin wood pasturewith frequentwild appletrees. We suggestearchingor regenerating
applesandprotectingtheseif you are luckyenoughto find any;otherwiseplantingafew to perpetuatethe
species

4.3 Seeddispersaland an associationbetween applesand animals

Associationbetweencattle andwild appleregenerationhasbeenreported from Denmark with cattle and
horsesboth eatingand dispersinghe seedsand providing germinationsitesin dung (Buttenschgrand
Buttensch@rl998. Seedspassunscathedhroughthe animak andthe poachingof groundcancreategood
regenerationconditions. In a studyin Denmark,over 90%of wild appleseedlingsve foundto havegrownin
cow pats(Buttenschgrand Buttenschgrl998) suggestingan almostobligaterelationship. Wild boarand
bearsare reported aseatinganddispersingwild apples ashavebirdslike blackbirdsandthrushes Thispoints
to important ecologicabhssociationbetweenwild appleand someof our now extinctlargemammals,
especiallyauroch,which might partly explainthe contemporarylackof regeneration. Fortunatelyit appears
that moderncattle are helpingto fulfil the role asregenerationagentis uplandwood pastures thoughthe
historicswitchfrom cattle to intensivesheeprearinghasalmostcertainlybeendetrimentalto wild apple. The
fact that hawthornsis sucha frequent co-associatewith wild apple(seetable 4) suggestshat both species
benefit from similarregeneraton conditions

Thedispersabf applesby water, isimplicatedby the populationof treesat highwater markon the islandsof
LochLomond. We alsoobservedapplesdispersingdown watercoursesand wonderif thisis linkedto their
occurrencen uplandgulleywoodlands.

4.4 Conservationstatus and ecologicalvalue
Wild appleisregardedasthreatenedin severalEuropeancountries(IUCN2011),thoughl U C dlverall
assessmentor Europeisthat the speciess” d adteaf i c Thelatkof'understandingof its distributionin
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Scotlandreportedin the paperis agoodexampleof that datadeficiency. Themainthreat reported by IUCNs
that of hybridization thoughthreatsfrom woodlandmanagemenftare alsomentioned. The mainconservation
requirementisresearcho determinethe effect of hybridizationand efforts to establishexsitu conservation
collections.

Wild appleis arelativelyrare tree in most (but not all) woodswe encountered. It hits the sweetspotbetween
beingcommonenoughto be ecologicallyneaningfuland rare enoughto be notablewhenyou find one (rather
like aspen). Aswith other rare plantsit is hardto figure out why it shouldbe rare; especiallygivenits prolific
fruiting. Whencollectingseedfor the germinationstudiesthere wassomeevidencethat isolatedtrees
producedfewer apples,andthoseappleshadfewer seedsin them, suggestinghat isolationinhibits
pollinationandtherefore seeding Thiscouldbe a mechanisncontributingto the appaent scarcityin areas
like the WesternHighlandswhereit is possiblethat land usepressureded to the reductionof woodlandcover
to the point that pollinationdistancedhecamesolargethat this contributedto regenerationfailure.
Theirmostobviousecologicalaluewould appearto be the prolific floweringasa sourceof pollenandnectar
for pollinatinginsects;sothis is a speciego promote in the contextof our threatenedpollinators. Thestatus
of applesasfood for animalspoints mainlyin the direction of animak now extinctin the Scotlandwild boar,
bearsandwild cattle/ auroach;andhighlightthe difficultiesof properlymanagingwild applewith these
animalsmissing. Theusefulassociatiorbetweencattle andwild applehinted at in this study suggestshat
controlledcattle grazingmaybe a keyfor establishingegeneration.

Wild appleis recordedashavingquite a highnumberof associatednvertebratesi.e. 93 speciesand 7th out of
30tree andshrubspeciedisted (http://www.countrysideinfo.co.uk/woodland_manage/tree alue.htm).
Thereappeardo bellittle easilyavailableinformation on the speciesof mammals bird and epiphyticplant
associatedvith wild appleand more researchof this would clearlybe useful.

4.5Landscapealue

Wild appletreesare almostwithout exceptian characterfulandimpressiveanda veteranwild appleat
floweringtime is asspectaculaasit comes(fig 22). Thisisequallytrue of manyof the older hybridappleswe
foundtoo. Plantedsinglyor in smallclumpsat the edgesof woodsor nearclearingspr in wood pasture wild
applegivesoutstandingvalue.

oA

Figure22 Awild applein flower in Borrowdale LakeDistrict
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4.6 History, usesand cultural associations

Wild appleappearsto havebeenafruit that wasusedby peoplefor millennia,but evidenceis scarce.Its
pollen cannoteasilybe distinguishedrom someother treesof the Rosaecea historicalpollenstudies. It is
listed from sedimentsin Yorkshirefrom 10,500yearsago, andit isrecordedas burnt timber or food remains
from the late Neoithic andearlybronzeagefrom afew sitesin Scotlandandrather more in Ergland(Dickson
andDicksor2000) Twenty-onefragments ofwild apple (seeds and fruparts)were recordedat a Mesolithic
site on Colonsay (along with 30,000 to 40,000 hazel ningyingthe Neolithig, fruits havebeenfound halved
andquartered,then dried for later consumptionin lakesde villagesin SwitzrlandandItaly (Dicksorand
Dicksor2000) Fifty four wild appleswere found in a bucketin a vikingshipin Norwaydatingfrom 820,
suggesing considerablestatusasfood? in the darkages. It is easyto store andincreasesn palatabilityastime
progresses Thereisanintriguing referenceso wild applesin the medievalperiod, from the town of
Egremontin Cumbriawherea® c¢ rf aabivasfirst heldin 1267andcontinuesto the present Thereare
written accountsfrom Scotlandand Norwayfrom 1500-17800f wild applesbeing usedfor juice andvinega®.
Whetheruseof wild appleswascasual or involvedcultivationis unknown. In this surveywe found evidence
that wild appleis a commoncomponentof wood pastures;andwe wonderedif this wasa signof it being
favouredasartree for pollardingfor winter feed. We alsolookedfor evidenceof wild applesbeingplanted
closeto old farmsashashistoricallybeenthe casewith wild cherry,rowanandsycamoreput it was
conspicuoushabsent. Presumablyts placewasgraduallytakenby domesticapplegrownin orchardsand
gardenswith orchads known to havebeenpresentin Scotlandasearlyas1100(Roberstor2007,Hayes
2016). Recentinventoriesof historicalorchardsin Scotlandsuggesthey were fairly extensive with about 1800
recorded acrossScotlandat the time of the first ordnancesurveymaps, coveringsome700hectares.Sowild
anddomesticapplehaveboth beenpresentfor at least1000years.

In moderntimes“crab apple’ hasmaintaineda tenuousplacein the publicconsciousnesbkecauseof its useas
ameansof settingjamsand makingcrabapplejellies;andthis makesapplesone of the more useful* n e n
timber forestp r o d ultigstll Usad asan effectivepollinator of domesticapplesin both orchardsand
gardens andthe myriadcultivarsof foreigncrabappleare popularas decorativegardentrees. It alsoappears
in mixesfor hedging. Wild applecanclearlybe of usein the future in efforts to help supportour populations
of threatenedpollinatorinsects(e.g.ScottishGovernment2017). In Europeit isconsidereda“ able

h a r d waapabléof smallscaleproductionof decorativetimber. Althoughthat isa distantprospectin
Scotlandjt would be usefulif foresterswere more widely awarethat an applelog might be a saleabletem.

Wild applesuffersfroman® i m@rgbéem” Thecommonname,” c ragpbp andits colloquialequivalent

“ s c r odpnyesfeon wordsmeaningsmall,untidy andscrubby. It genusnameMalus mears® ewinle ”
think of malwordslike malformed,malice,malariaanddismal becausehe applewasthe evilfruit that
tempted Eveandledto ma n k ierpdisiosfrom the Gardenof Eden with the appleappearingin some
Christianart asa symbolfor sin. Onthe other handapples haveseveralpositivecultural connotations;for
exampletheterm® a p of myee y & 0f biblicalorigin;the appleis sacredin Norsemythologyandhas
featuredin severalculturesa symbolof fertility andgoodluck. Theapplefruit asanimageis universally
knownandobviouslyappealingthink of New t csapple NewYorkas* T IBigApple’ Applethe recording
labeland nowadaysof course the Applelphone.lts h o u bedahardsell, thereforeto reinstateour wild
appleasatree foresters,ecologstsandthe wider publicvalue,appreciateandwork to look after.

5. Recommendations

Rehabilitatinghe wild appleasa more prominentandvaluedmemberof S ¢ o t Inatinettéesandwoods
will take alittle deliberateeffort on all our parts. Sowherenext? Thepriorities are asfollows:

3 http://consideratecandidum.com/villepler/historikk_og_bruk.html
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1. Ourprofessionabndpopularliterature on native woodlandshouldfeature wild applewith the same
prominenceasother tree species.

2. Themainpopulationsof more or lesspure wild applein nativewoodlandand wood pastureshouldbe
cataloguedandowners,managersand agenciesnadeawareof their exigenceandvalue. These
areaswill includeLochLomond/ TrossachsGalloway HighlandPerthshireandthe LakeDistrict, as
well assmallerareasfurther north andwest It would be usefulto continuesearchingor wild applein
westernScotlando complde our inventoryof the species.

3. Inareaswith frequentwild apple owners shouldbe encouragedo establisha new generationof trees
by protectingexiging saplingsvhereverthey canbe found; and by plantingsmallnumbersof genuine
wild apple Plantingof other applespeciedsn the wild shouldonly take placewith goodreason

4. ElsewhereacrossScotlandsmalladmixtures of wild appleshouldbe plantedaspart of new native
broadleavedvoodlandon suitablesites with treesnumberingin the tensat most, andplantedasa
componentof shrubareas,n clearingsand on woodlandedges.

5. Seedcollectionsfrom knownmore or lesspure populationsshouldbe encouragedand seedorchards
set up usingknownwild apple parentsfrom acrossScdland for Regionof Provenancel0 and 20.
Nurseriesvishingto sellhybrid applesshouldlabeland marketthem accordinglyand makecustomers
awareof the differing conservatiorvalueof wild and hybrid apples.

6. Researchneedsto be undertakento clarifythe invertebrate,plant andfungalassociate®f wild apple
its regenerationbiology andits adaptivegeneticvariation
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