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Fiorord

Atervéixt kan frambringas med eller utan konstgrepp. Med naturlig f6r-
yngring avses i detta sammanhang uppdragande av atervidxt utan konst-
grépp i form av frésadd, plantering, markberedning, brinning eller andra at-
girder for markbearbetning. Hyggesrensning riknas diremot sidsom en &t-
gird, vilken normalt tillhér den naturliga féryngringens metodik.

Da det giller att fatta standpunkt till fragan om hur féryngring lampligen
skall dstadkommas, 4r kdnnedom om de biologiska méjligheterna fér olika
féryngringssitt av grundliggande betydelse. P4 denna kidnnedom maste det
slutliga ekonomiska avgérandet fotas. Vara kunskaper om de biologiska m&j-
ligheterna for foryngring dro emellertid i ménga avseenden bristfilliga, saval
i frdga om de bada huvudgrupperna naturlig f6ryngring och skogsodling som
betriffande deras mellanformer. Foljande redovisning for en vid statens skogs-
forskningsinstituts skogsavdelning huvudsakligen under aren 1939—1942 ut-
ford foryngringsundersékning torde med hidnsyn hirtill kunna vara av in-
tresse, emedan den majliggor en belysning av vissa sidor av den norrldndska,
naturliga féryngringens problem. Undersékningen i frdga begridnsades till
obrinda hyggen i granskog eller nagot tallblandad granskog inom Vister-
bottens, Visternorrlands och delar av Jimtlands lin. Négra av de visentli-
gaste resultaten ha tidigare framlagts i ett foredrag vid 1945 ars skogsvecka
och finnas publicerade i Meddelanden frin Statens skogsforskningsinstitut,
Serien uppsatser nr 2, sirtryck ur Svenska Skogsvérdsforeningens Tidskrift
nr z, 1945.

Ansvaret for filtarbetet vid denna undersokning har vilat pa skogsmastaren
Eskir FALL. Riiknearbetet har utforts under ledning av fru KAa1sa FORSSTROM.
Till dessa bdda medhjilpare vill jag rikta ett varmt tack. Ett hjartligt tack
ir jag dven skyldig fil. lic. BERTIL MATERN, som i manga matematisk-statis-
tiska fragor limnat mig en védrdefull hjdlp och ett hégt uppskattat stdd.

Experimentalfiltet i augusti 1949. Lars TIREN.

I. Meddel. frin Statens skogstorskningsinstitut. Band 38: 9.
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I. Huvuddragen av undersokningens planliggning
och utférande

Pa grund av den snabbt fortgdende avverkningen av den gamla granskogen
ansags det vid undersokningens pabérjande vara av vikt att snarast méjligt
komma till en uppfattning om utsikterna fér dess naturliga foryngring. Av
detta skil grundar sig undersékningen pa observationer av plantmingden pa
redan forefintliga hyggen av olika alder och beskaffenhet i 6vrigt. Material-
insamlingen ir i detta fall ett engéngsarbete, som relativt snabbt kan slutforas.
Den fullstdndigare 16sning av problemet, som med all sannolikhet skulle kunna
uppnés genom att pa fasta provytor iakttaga plantresultatets férdndringar
med tiden, skulle kriva visentligt lingre tid och har dirfor icke kunnat
komma i fraga.

Den »statiska» arbetsmetod, som alltsd hiar kommit till anvindning, innebér
i frdga om denna unders6kning i korthet féljande. Plantuppslaget observeras
pa ett antal tillfdlliga provytor, férdelade pa hyggen av varierande beskaffen-
het. Plantresultatet paverkas av atskilliga omstindigheter sisom t. ex. héjden
6ver havet, hyggesaldern, antalet frétrdd i ytans omgivning, nérheten till
skogskanterna, vegetationstypen m. m. Dessa olika faktorer maste foljakt-
ligen ocksé observeras vid varje enskild provyta. Vi syfta till att med stéd av
undersékningsmaterialet finna ett samband mellan plantresultatet — den
beroende variabeln — och de 6vriga faktorerna — de oberoende variab-
lerna. Nir vi funnit ett sidant samband, som vi d& ocksid mer eller mindre
fullindat kunna uttrycka i form av en ekvation, kan denna anvindas till
att berdkna det sannolika plantresultatet for en godtyckligt vald kombina-
tion av oberoende variabler. For att denna berdkning skall ha utsikter att bli
rittvisande, maste emellertid sirskilda krav stillas pa det bakomliggande
materialet. ,

Ett visentligt villkor 4r att materialets sammansittning icke blivit sned-
vriden genom subjektivt urval av bittre eller simre atervixter. Infér en kri-
tisk granskning héllbara garantier fér fullstindig frihet frin subjektivitet
kunna i férevarande fall icke limnas. Enligt f6rf:s mening ha emellertid val-
mojligheterna varit mycket begriansade. Till {61jd av knappheten pa sidant
material, som tillfredsstillt strax nedan nirmare berérda 6nskemél, ha nim-
ligen sa gott som alla hyggen anvants, vilka fyllt vissa formella krav rérande de
oberoende variablerna. Detta garanterar visserligen icke, att materialet
utgor ett for undersékningsomradet representativt stickprov, men 4 andra
sidan dr det ytterst osannolikt, att materialets beskaffenhet med avseende pa
Atervixten systematiskt férskjutits i ndgon pd forhand angivbar riktning.
Ett annat viktigt krav 4r, att inga for atervixten betydelsefulla, yttre
forandringar ha intriffat pa eller omkring provytorna sedan féryngringshugg-
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ningen skedde. Detta inses ddrav, att den pd hygget befintliga féryngringen
betraktas som ett resultat av de pa hygget vid undersékningstillfdllet i
vissa avseenden radande forhdllandena. Det maste dirfér vara av vikt, att
dessa forhdllanden icke dndrats pa visentliga punkter sedan hygget togs
upp. Frotrad och restskog f exempelvis icke ha avldgsnats, skogskanter icke
flyttats o. s. v. Vid materialinsamlingen har frdn bérjan den stérsta vikt fists
vid att detta krav varit vil uppfyllt. Fullkomligt uppfyllt har det i vissa av-
seenden dock icke kunnat bli. S& reduceras t. ex. antalet frétrid normalt
genom upprepade stormfillningar under hyggestiden och av andra orsaker.
Hinsyn till denna frétradsavgang har icke kunnat tas, men det kan visas, att
dess inflytande icke varit av mycket stor betydelse.

Misstron mot moéjligheterna f6r naturlig féryngring ar otvivelaktigt storst
i fraga om hojdlagenas rdhumusgranskogar. En visentlig del av undersok-
ningsmaterialet har darf6ér koncentrerats till héjdldgen ovan 400 m 6. h. D4 vi
emellertid s6ka efter matematiskt beskrivbara samband, madste mycket
material himtas dven fran ligre héjd éver havet. Nivakurvan pa oo m har
dirvid betraktats som en undre begrinsningslinje.

Insamlingen av materialet motte betydligt stérre svarigheter dn vintat.
Avverkningarna ha under de senaste decennierna fortgatt i hastig takt.
Aldre hyggen ha dirvid i stor omfattning utvidgats, stimplats om eller skogs-
odlats och dirigenom gjorts otjadnliga fér undersékningen. Knapphet pd lamp-
liga undersékningsobjekt gjorde sig dédrfér som forut ndmnts i viss utstrack-
ning gillande. Under olika tider férhirskande idéer angaende féryngrings-
huggningarnas utférande ha givetvis dven tryckt sin pridgel pd materialet.
For att belysa variationen i detta hinseende skola vi i korthet rekapitulera
nagra av utvecklingens huvuddrag.

Huggningar med ett klart uttalat féryngringssyfte bérjade tillimpas pa
statsskogarna forst efter ar 19o2 och da i den s. k. traktblddningens form. En
mera allmédn omfattning fingo dylika huggningar dock knappast forrdn efter
HoLMGRENS (1914) framtridande med kulisshuggningsmetoden. Denna vann
en tid vidstrackt anvdndning i de Overariga granskogarna. Det var ett hugg-
ningssitt som dels stdllde foryngring i utsikt, dels dven befriade foérrattnings-
mannen fran den oro han med storre eller mindre skil hyste fér grantorka
och stormféllning. De férhoppningar kulisshuggningen uppvéckte infriades
icke helt, men dess bdrande princip — markens mer eller mindre fullstdndiga
kalldggning — kvarblev i de modifierade former av f6ryngringshuggning, som
under den ndrmast f6ljande tiden kommo att tillimpas. HESSELMAN (1916—17) .
framholl i en kdnd avhandling betydelsen av humustickets kviveomsittning
for plantornas tillvixt och trevnad och pavisade, att kvidvemobiliseringen
gynnades genom kalhuggning. Hérigenom vann huggningsmetoden ett starkt
stod.
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S.F.I:s saml., 1939.

Fig. 1. Kalhygge 1927, 480 m 6. h., Dorotea.
Clearcutting 1927, 480 m altitude.

Vad som ur skoglig synpunkt framfor allt kidnnetecknar kalhuggningen
dr stridvan att med dess hjilp snabbt grundligga en ny f6ryngring. Smirre,
lovande plantor, som hirstamma fran det avverkade bestindet, kunna visser-
ligen lamnas kvar pa hygget, men de representera i si fall snarast en av-
vikelse frdn principen. Redan tidigt tillimpades emellertid — sérskilt av Mo
och Domsj6 Aktiebolag — en huggningsmetod, som avsag att i stor utstrick-
ning bygga foryngringen pad det plantmaterial, som fanns i den gamla
skogen redan vid avverkningen. Understédd av rojningar och dik-
ningar kunde metoden i gynnsamma fall ge goda resultat.

Vid kulisshuggning och andra former av trakthuggning maste skogsmannen
sérja for hyggesarealens frobesdning. Detta kunde ske pa tva sitt, som ofta
kombinerades, ndmligen genom att begrinsa hyggesstorleken, vilket
borde mojliggéra besining fran omgivande skogskanter, och genom att stédlla
frotrad.

Till en bérjan férordades endast kvarstillande av tall som frétrdd. Bort-
réjningen av den icke avsittningsbara restskogen, som principiellt borde
genomféras i trakthyggesbruket, underldts emellertid ofta, vilket hade till
f6ljd, att hyggena ibland kommo att te sig som mer eller mindre séndertrasade
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S.F.Iis saml., 1939.
Fig. 2. Kalhygge 1927, 470 m &. h., Dorotea. Ortrik vegetationstyp.
Clearcutting 1927, 470 m altitude. Herb-rich vegetation type.

skripbestdnd. Under 1920- och 1930-talen stegrades dock intresset fér hygges-
rensningar, och sadana atgirder blevo si smaningom alltmera tillimpade.
Mangenstddes hade den i granskogen sparsamt forekommande tallen avligs-
nats vid tidigare dimensionsstimplingar eller vid sjdlva trakthyggesstamp-
lingen. D& erfarenheten lirt, att de béttre smidimensionerna av gran kunde
fortleva och gronska pa hyggena, blev det vanligt att i brist pa tallfrétrad
kvarstélla dylika s. k. »frospridare» som frétrad.

Ofta kvarstédlldes ett mycket stort antal sméirre dimensioner pad gran-
skogshyggena, varigenom dessa i sjdlva verket komma att inta ett mellan-
lige mellan hygge och bestand av restskogstyp. Bestdndskaraktiren under-
stroks ytterligare genom att en del grovre, avsittningsbara dimensioner ej
sillan ocksd limnades kvar. Hyggen av denna art voro i bérjan av 1940-
talet mycket vanliga i de norrlindska granskogarna. Deras tillblivelse kan
knappast hidnféras till ndgon bestimd period; de synas i sjilva verket ha
uppkommit under hela den hir berdrda tiden, dock icke minst under 1930-
talet. Otvivelaktigt ha produktionssynpunkter medvetet eller omedvetet spe-
lat in vid denna huggningsform. Huggningen har dock i mdanga av de av-
sedda fallen uppenbarligen icke forts i fullt medvetande om kraven vare sig
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S.F.I's saml., 1940.

Fig. 3. Hygge 1915, 590 m 6. h., Stensele.
Cutting 1915, 590 m altitude.

pa en foryngringshuggning eller pd en genomhuggning. Dessa camouflerade
hyggen bidra dirigenom starkt till det intryck av daligt tillstand, som de
norrlindska granskogstrakterna flerstddes ge.

Vid materialinsamlingen till denna undersékning har strivan varit att
uppna en god fordelning av hyggena pa héjdlagen, hyggeséldrar och vegeta-
tionstyper samt beskaffenhet med avseende pa foérekomst av frotrdd, rest-
skog m. m. I vissa delar har detta ocksa lyckats. Synnerligen god 4r silunda
fordelningen pa hojdligen och hyggesaldrar. Av vegetationstyperna dr den
vanliga friska ristypen utan eller med Dryopteris eller andra lagérter rikligast
foretrddd, didrndst sumpmosstyperna och deras Gvergingsformer till frisk
mark. Hogorttypen dr ddremot svagare representerad, vilket beror pa den
forklarliga motvilja man hyst mot att ta upp hyggen pa denna marktyp.

Av skil som antytts i det féregdende lider hyggenas férdelning pa skoglig
typ ddremot av en betydande ensidighet. Sdlunda férekomma alldeles kala
hyggen tdmligen sparsamt liksom dven hyggen med ett stérre antal goda fré-
trdd av grévre dimensioner. Tillracklig variation i hyggesareal har icke kunnat
uppnas, framfér allt emedan hyggesgrdnserna ofta varit odefinierbara, var-
jamte mycket smd hyggen praktiskt taget saknats. Hyggesarealen kan till
foljd hdrav icke medféras som sirskild, oberoende variabel.
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S.F.I's saml., 1939.
Fig. 4. Hygge 1917 i fjdllskog, 580 m 6. h., Solberg.
Cutting 1917 in fjeld forest, 580 m altitude.

Vissa uppgifter om materialets sammansittning limnas i tab. 1. Motsva-
rande uppgifter i tab. 2 avse huvudsakligen planteringar, som undersokts f6r
lingre fram berérda dndamal.

Undersokningen har i tekniskt avseende gétt till pd féljande sdtt. Den till
unders6kning avsedda arealen utmirktes pa marken. Om méjligt medtogs
ddrvid hela den del av hygget, som icke kunnat paverkas av under hygges-
tiden uppkomna férdndringar i omgivningen. P4 varje hygge, som icke helt
omgavs av dldre hyggen, skulle en eller flera i huvudsak orérda skogskanter
finnas. Skogskanten eller vinkeln mellan tva sammanstétande skogskanter
utgjorde alltid utgangspunkt i sidana fall, d4 hygget pa grund av storleken ej
kunde unders6kas i sin helhet. En skisskarta 6ver omradet upprittades av
unders6kningens ledare och pa denna karta inritades och namngavos samtliga
férekommande vegetationstyper. Dessa ha siledes alltid bedémts av en och
samma person. Direfter taxerades trakten med hjilp av cirkelprovytor med
1,4 m radie, utlagda i regelbundet forband till ett antal av omkring 25 st.
per trakt. Det samlade materialet innehaller 3 o075 st. sidana provytor, for-
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delade pa 132 hyggen. Pa provytorna riknades och registrerades samtliga
plantor, varvid dessa klassificerades och mittes i ett flertal olika hinseenden.

Kring varje provyta utlades vidare dels en s. k. »storprovyta» med 5 m
radie, dels ocksi en s. k. »frotridsytay med 25 m radie. P4 den forra observe-
rades forekomsten av all slags skog; denna uppmadttes och registrerades. Pa
den senare antecknades férekomsten av frotrid av olika slag. Varje provyta
utmairktes pa en karta, som upprittades i samband med taxeringen. P4 kartan
inritades dven de sirskilt beskrivna skogskanterna. For varje enskild prov-
yta upprittades markbeskrivning med tillh6rande mitningar samt gjordes
anteckningar om de férekommande vixterna.

Provytornas storlek och deras antal pa varje hygge har bestimts genom en
kompromiss. Det ir ur representationssynpunkt fordelaktigt med ménga sma
provytor, som ocksa ge ett nigot mindre medelfel for samma taxerade areal
4n stora ytor. Men beskrivnings- och mitningsarbetet kar & andra sidan
starkt med antalet ytor. En ytstorlek av 6,16 m? (= cirkelyta med 1.4 m radie)
och ett antal av 25 st. ytor per hygge valdes med ledning av ovannimnda
synpunkter sasom en framkomlig medelvig.

II. Om utférda mitningar och observationer

Samtliga métningar och observationer ha grundats pa férhéllandena vid
undersokningstillfillet. En stor del av de utférda observationerna komma
icke ndrmare att behandlas i denna uppsats, varfér dessa jamte de vanliga
rutinmitningarna icke i detalj berdras i fortsittningen. Rérande vissa av
observationerna ldmnas nedan nirmare férklaringar.

Utforda buggningar
Tidpunkten for och arten av utférda huggningar antecknades. Dirvid
fastes huvudvikten vid den visentliga féryngringshuggningen och efterfsl-
jande hyggesrensningar. Hyggets alder har angivits sdsom antalet somrar
fr. 0. m. sommaren nirmast efter den visentliga f6éryngringshuggningen
t. 0. m. sommaren ndrmast fére unders6kningssommaren. Den sistnimnda
sommaren ingar saledes ej i hyggesaldern.

Plantor och trid

Plantorna ha uppdelats i tvd huvudgrupper, ndmligen sidana som upp-
kommit:

1. Fére foryngringshuggningen.

2. Efter »
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Dessa bada grupper aterkomma stindigt i den f6ljande framstéllningen,
varfér det kan vara férdelaktigt att ha sdrskilda namn pa dem. Silunda kallas
den férra gruppen »bestandsféryngring» och den senare »nyféryngrings.
De bida grupperna kunna skiljas frin varandra genom &rsrings- eller topp-
skottsrikning. Arsringsrikningen underlittas genom att man firgar snitt-
ytan med floroglucin och saltsyra och skir ett tunt snitt, som observeras i
genomfallande ljus med en ljusstark lupp. Héirigenom och genom kontroll
med toppskottsrikning torde skiljelinjen mellan bestinds- och nyféryng-
ringen ha kunnat bestimmas pa ett eller annat ar nir.

Till plantor eller f6ryngring riknas sjilvfallet all nyféryngring. Dartill
kommer en del av de plantor, som uppkommit fére avverkningen. Strivan
har varit att till »plantor» rikna den del av dessa, som vid huggningen hégst
uppnadde 2 meters héjd. Det ansdgs dock innebira oskilig tidsutdrikt att i
varje enskilt fall bestimma denna grins genom borrning pa 2 m. Forsoksle-
daren gjorde dérfor pa varje enskilt hygge, dir si behovdes, en undersskning
6ver den nuvarande héjden hos de ifrdgavarande grédnsfallen. Till plantor
rdknades sedermera vid taxeringen alla individ, som hogst uppnidde den
salunda av férsoksledaren angivna 6vre héjdgrinsen. Oftast visade det sig,
att nyféryngringens hogsta héjd 6kad med 2 m var en lamplig gréns.

Vegetationstyp

Indelningen i vegetationstyper grundar sig pa rent floristiska iakttagelser
av markvegetationens sammansittning. Det var nédvindigt att fran borjan
forutsitta, att foryngringsvilligheten kunde vara olika pa olika vegetations-
typer. Foljaktligen var det for tillimpningens skull énskvirt att anvinda
samma vegetationstypsschema pd hygget som i det oavverkade bestindet
och typschemat borde vidare vara sa beskaffat, att det gav samma resultat
vare sig bedémningen skedde pd det ena eller andra stillet.

Hur ett sddant schema borde vara inrdttat kunde icke avgéras pa férhand.
Dérfor beskrevs vegetationen pa varje enskild provyta, varigenom mojlighet
vanns att ur olika synpunkter underséka vegetationssammanséittningens even-
tuella inflytande. Dessutom anvindes pa prov ett enkelt typschema, som snart
visade sig vara mycket effektivt och dirfér vann fortsatt tillimpning under
hela undersokningen. Det hade f6ljande utseende.

Vegetationstypsschema

. Lavtyp

. Lavtyp med friskmossor
. Ortfattig friskmosstyp

. Ortrik »

W N H
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5. Ortfattig friskmosstyp med sumpmossinslag

6. Ortrik » » »
7. Ortfattig sumpmosstyp
8. Ortrik »

Inom typerna 4, 6 och 8 urskildes de frodigaste varianterna sdsom sirskilda -

hogorttyper.

- I ovanstdende schema avses (f6retridesvis) med:

Lavar: Cladina rangiferina och silvatica, Stereocaulon pascale, Cetraria is-
landica. ,

Friskmossor: Hylocomia, Dicrana, Ctenium crista castrensis.

Sumpmossor: Sphagna, Polytrichum commune.

Orter: Aconitum, Mulgedium, Filipendula, Valeriana (= speciella hogorter).
Dryopteris linnéana och phegopteris, Geranium, Anemone, Cornus, Oxalis,
M ajanthemum.

Vid typsdttningen enligt schemat har vegetationstyp med sumpmossor
ansetts foreligga, om sumpmossorna spelat en tydligt mirkbar roll i vegeta-
tionen. Sporadisk férekomst har limnats utan avseende. Av sumpmossty-
perna har krivts att sumpmossorna spelat en framtridande eller dominerande
roll. Ortrik vegetationstyp har slutligen féranletts av enstaka (men ej spo-
radisk) eller rikligare férekomst av nagon eller nagra av de f6rut nimnda led-
vaxtorterna.

Formuleringen »tydligt -mérkbar roll» svarar i stort sett mot tdcknings-
graderna enstaka-strédd (< 1/;s—inemot 1) enligt den HULT-SERNANDERska
skalan och »framtridande eller dominerande rolly mot tidckningsgraderna
riklig-ymnig (%4—1). I vissa fall gar vegetationen pa hyggena i sin helhet
starkt tillbaka, sa att stora arealer bliva vegetationsldsa, i andra fall utbreda
sig vissa véxter, t. ex. Aira, Epilobium, hogorter, synnerligen kraftigt och un-
dantrdnga andra arter. Gransdragningen mellan olika vegetationstyper kunde
dérfor icke frin borjan knytas till vissa tdckningsgrader, utan méaste anges
mera allmint i avvaktan pa de resultat en ndrmare analys av observations-
materialet kunde ge.

En uppfattning om hur typindelningen verkat vid jimforelse mellan hygge
och bestand kan fas genom att studera tab. 3. I de fall d4 man av topografiska
skil med sdkerhet kunde anta, att samma mark frin slutet bestadnd fortsatte
ut pa hygget, gjordes en vegetationsbeskrivning inom ett begridnsat omrade
pa vardera sidan om hyggesgridnsen ett stycke ut pa hygget resp. in i bestan-
det. Det visar sig hir en i allmdnhet mycket god Gverensstimmelse mellan
nigra av de viktigaste karaktirsvixternas forekomst pa hygget och i bestan-
det. Man observerar dock att Polyérichum commune pa grund av sin allmidnna
forekomst i de flesta vegetationstyper spelar en underordnad roll som karak-
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S.F.I:s saml., 1940.

- Fig. 5. Hygge med frétrid ar 1928, 210 m 6. h., Kulbickslidens f6rsokspark.

Cutting area with seed-trees 1928, 210 m altitude. Kulbécksliden experimental forest.

tdarsvixt och i1 det avseendet bér trdda tillbaka f6r Sphagnum. Detta iakttogs
pa ett tidigt stadium, varfér Polytrichum ej tillmitts avgérande betydelse
vid hdnférandet av en mark till vegetationstyp med sumpmossor. Sirskilda
hiar ej ndrmare behandlade undersékningar ha vidare visat, att Majanthemum
som karaktdrsvdxt ej dr fullt lika palitlig som 6vriga, ovan ndmnda Orter.
Den foérekommer da och d& pé hygget, ehuru den saknas i bestidndet.
Enligt den utférda undersékningen torde typschemat i myc-
ket hog grad uppfylla den i detta sammanhang viktiga fordran
att i allt vdisentligt ge samma resultat, vare sig det tillimpas
pa ett gammalt eller ungt hygge eller i den oavverkade skogen.

Frotradsytor

Kring centrum pé varje provyta utlades som férut ndmnts en cirkelyta med
25 m radie, inom vilken samtliga frédugliga trdd av tall, gran, bjérk och asp.
uppriknades. I dldre féryngringar kan det intrdffa, att en del plantor ha for-
maga till en viss ringa kottsittning. Dessa plantor ha icke riknats som frotrad.
Deras eventuella inflytande pa féryngringen redovisas av hyggesaldern. Fro-
traden uppdelades i tva grupper: stérre frétridd, tillhérande det avverkade
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bestindets tva vre kronskikt enligt SCHOTTES skiktindelning, och mindre
frétrad, tillhérande de tva undre kronskikten.

I de fall da en frétriadsyta till nigon del nddde utanfér hygget, t. ex. inien
skogskant, riknades frétriden endast pa ytans hyggesdel. Denna dels procen-
tuella andel i hela ytan uppskattades, varefter antalet frétrid pa hela ytan
kunde berdknas.

Storprovytor

P4 en yta med 5 m radie kring centrum av varje provyta uppridknades an-
talet trid av alla tridslag. Dessutom méttes diameter, h6jd, alder, kronfér-
héallande, toppskott, medelkronradie och de 5 sista arsringarnas bredd. De
sdsom frobara bedémda tridden erhollo en sirskild beteckning till skillnad fran
de 6vriga.

Skogskanter m. m.

Skogskanternas beldgenhet och strickning i;férhallande till de olika prov-
ytorna framgar av den karta, som upprittats Gver varje.un'dersbkt trakt.
Fran kartan erhdller man bl. a. avstidndet frin de enskilda provytorna till
nirmaste skogskant. Om beskaffenheten av de olika skogskanterna ha vissa .
anteckningar gjorts, vilka hdr icke ndrmare beréras.

Plantregistreringen

P4 varje provyta uppriknades antalet plantor av samtliga férekommande
tridslag, bdde levande och déda.

Plantorna indelades i tre klasser enligf foljande schema.
Klassindelning av plantor

a = felfria
b = allvarligt skadade
¢ = doda.

b-beteckningen avser endast allvarliga, fér plantans framtida utveckling
sannolikt menliga, skador av svamp eller insekter samt skadegérelse av annan
art, som haft till {6ljd svarare toppskador eller stamskador (sdsom torrtopp,
svirare toppbrott och bajonettbildningar, allvarliga stamskador o. dyl.).
Allmin klenhet eller avtynande féranleder ddremot icke i och fér sig b-beteck-
ning (jfr nedan). Ej heller svagare angrepp av sndskytte. R6ta riknas dir-
emot alltid till allvarliga skador (jfr nedan).

Av rota skadade plantor betecknas med en till b-beteckningen upptillfogad
indexsiffra: '
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S.F.I's saml., 1940.

Fig. 6. Hygge 1920, 160 m 6. h., Bygdsiljum.

Cutting 1920, 160 m altitude.

bt = réta intill 1} av radien vid roten,

b*= » fr. o. m. ¥ intill 3/ av radien vid roten,

b= » » » » 34 av radien vid roten,
eller ock motsvarande rétangripen tvarsnittsyta. Om tva eller flera olika ska-
dor, varav en ir rota, forekomma hos samma individ, antecknas &-beteck-
ningeh tvd ganger, med rotindex fogat till det senare b:et. b-beteckning och
roétbeteckning kombineras med varandra vid berdkning av viktindex (sid. 18).

Dirtill indelades plantorna i typklasser enligt f6ljande schema:

Typindelning av plantor
Huvudtyper
n = plantor, vilkas kronutveckling enligt subjektivt omdéme ter sig normal
(= genomsnittlig) och proportionerlig,
v = plantor, som te sig vidkroniga, varvid
v— betecknar svagt vidkroniga,
v » »
- » starkt »
s = plantor, som te sig smalkroniga,
{ = plantor, vilkas kronutveckling ter sig férkrympt eller ofullstindig.
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S.F.I's saml., 1939.

Fig. 7. Kalhygge 1923, 110 m 6. h., med nyforyngring. Stigsjo. .

g::

d =

Clearcutting 1923, 110 m altitude, with new regeneration.

Undertyper

individen grovgrenig. Kombineras med huvudtyp.
individen deformerad eller abnormt utformad pa grund av yttre averkan
(sdsom bete, stam- och grenbrott, sn6bdjning, pafillning, tramp etc. och
efter sidan dverkan uppkomna krokar, manggrenigt och andra vixtsitt,
flertoppighet och andra dylika fel). Om individen hinférts till klassen b
pa grund av dylik deformering och den icke ddrutéver dr deformerad
eller abnormt utvecklad, sittes d-beteckningen inom parentes. Kombi-
neras med huvudtyp.
individen deformerad eller abnormt utformad av annan anledning 4n
direkt, yttre averkan (t. ex. undertryckning). Kombineras med huvudtyp.
individen klykig eller flerstammig. Dylika individ rdknas, da si limp-
ligen kan ske (= klykbildning under 2o cm frdn marken och sjdlvstindig
plant- eller stamkaraktir hos alla stammarna), var f6r sig som sjilv-
stindiga plantor, vilkas samhorighet markeras med en klammer. Ingen
k-beteckning erfordras i detta fall.

Eljest anvindes beteckningen %. Enbart £ anger klykighet ovan 20 cm
frin marken och innebir att plantan betraktas som en individ. Knippen
av stubbskott eller rotskott betecknas d4ven med &, varvid antalet huvud-
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S.F.I:s saml., 1935.

Fig. 8. Bestandsforyngring av god typ. Kulbickslidens férsokspark.

Stand regeneration of a rather good type. Kulbicksliden experimental forest.

sakliga skott rdknas och bokféras. Alla mitningar (jfr nedan) ske pa
ett medelstort skott. Om flerstammighet uppstatt genom yttre averkan,
t. ex. bete, som foranlett beteckningen 4, sittes k-beteckningen inom
parentes. For att anvdnda beteckningen £ har fordrats, att de olika
stammarna visa fullt tydlig stamkaraktir och tendens att utveckla sig
till sjdlvstindiga plantor eller stammar. Fér mera buskformigt, mang-
grenigt vixtsdtt anvidndes beteckningen d, for sdvitt yttre dverkan
kan anses vara orsaken, eljest v. — k-beteckningen kombineras med
huvudtyp.

Alla skador eller deformeringar, som féranletts av betning eller betes-
tramp, ha sirskilt anmirkts.

Varje planta har ytterligare genom vixtlighetsindex héinférts till olika
»vixtlighetsgraders. Till typbeteckningarna #, v, s och f fogades upptill till
héger en indexsiffra, varvid index:

1 = vixtliga plantor med tillfredsstédllande toppskott och frisk firg,
2 = medelmattigt vixtliga plantor,
3 = ovixtliga eller tynande plantor med svagt toppskott och sjuklig firg.
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Klassificeringarnas verkningssétt

Emedan hojden, kronradien (= medeltalet, inklusive drets skott, av 4 mot
varandra vinkelrdta kronradier, i{arav en dr den storsta), grovsta kvistens
diameter invid stammen och de tre sista toppskottens lingd (underssknings-
sommarens toppskott oberidknat) uppmitts pA samtliga plantor av barrtrid
och flertalet av bjork, kan det pa visentliga punkter objektivt faststillas,
hur de anvinda Kklassificeringarna verkat. Genom korrelationsrikning pa
objektivt uttagna delar av materialet har sdlunda tallens, granens och bjér-
kens medelkronradie berdknats foér olika planth&jder och huvudtyper. Dar-
jamte har grovleken av kronans grévsta kvist berdknats for g-betecknade

tall- och granplantor av olika hojd.

Tallens medelkronradie. Ur bearbetningen framgick en funktion av
féljande form:

y=I4+x(at+cl)+x2b+dl)................ : (1)

varest:

vy = medelkronradien i cm,

x = planthéjd i meter,

I = index f6r planttyp'. Vid funktionens anvindning skall index ges f6l-
jande virden, nidmligen fér huvudtyp:

§ = —0,404
# = —0,195
v— = 0,290
v = 40,481
¥4 = —4-0,987.

Konstanterna a, b, ¢ och d ha f6ljande virden:

== 1-30.008 4 0,488 (= 1,63 %)°
= —2.468 &+ 0,139 (= 5,64 %)

420,032 4 1,601 (= 8,44 %)
= —2,174 4 0,450 (= 20,71 %)

I

a
b
c
a

Konstanten 1 representerar en groddplantas ungefdrliga kronradie.
Spridningen s, hos medelkronradien kring materialets totala medelvarde har

genom korrelationen nedbragts till virdet S, utgdrande 19 % av s,.
Funktionen finnes utrdknad for vissa planthéjder i tab. 4.

1 Betriffande hir anvind indexkorrelation hinvisas till sid. 30.
? Inom parentes anges konstantens procentuella medelfel.
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Granens medelkronradie. For gran erholls en funktion av samma form
som (1), varvid dock typindex I bor ges f6ljande virden, ndmligen fér huvud-
typ:

§ = —0,592

#n och f = —0,342

v— = 40,076

v = 40,234

v+ = +0,560.

Konstanterna ha f6r gran nedanstidende virden:

a = +39,292 £ 0,336 (= 0,86 %)
b= — 4,199 £ 0,098 (= 2,33 %)
¢ = 425,969 4 1,206 (= - 4,64 %)
d=— 3,407 + 0,377 (= 11,07 %).

Efter korrelationen utgér spridningen S, 24 % av s,. Funktionen finnes
utrdknad for vissa planthéjder i tab. 5.

Bjorkens medelkronradie. Aven f6r bjérk erhélls en funktion av
formen (1) med typindex I for:

s = —0,369

n och f = —o0,178
y— = -0,330

v = 40,684

94 = I,008.

Konstanterna ha fér bjérk féljande virden:

a= +23,996 4 0,357 (= 1,49 %)
b —T,498 4 0,087 (= 5,82 %)
¢ = +17,438 £ 0,879 (= 5,04 %)
d = —0,829 4 0,166 (= 20,03 %)

Efter korrelationen utgdr spridningen S, 26 % av s,. Funktionen finnes ut-
riknad fér vissa planthdjder i tab. 6.

Diametern hos kronans grévsta kvist hos de plantor, som vid filt-
arbetet erhdllit beteckningen g, har ndrmare undersokts endast i friga om
tall och gran, emedan g-beteckning av bjérk endast sillan forekommit.

Grovsta kvist hos tall. For tall erhélls funktionsformen:

varest

y = diametern i millimeter av grévsta kvist, mitt invid stammen,
x = plantans hojd i meter.

2. Meddel. [rdn Statens skogsforskningsinstitut. Band 38:9.
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Konstanterna ha f6ljande virden:

a = 49,258 4+ 0.641 (= 6,93 %)
b = 43,386 4 0.200 (= 5,89 %)

S, utgdr 51 % av s,.

Grovsta kvist hos gran. Granen visade sig fordra funktionsformen:

Yy=a4+bx 4+ cx®. .. ... (3)

 dar y och x ha samma betydelse som ovan i (2). Konstantvirdena dro:

a = 410,128 4 0,755 (= 7,46 %)
b= + 3,103 £ 0,423 (= 13,61 %)
¢ = —o0,107 4 0,041 (= 38,48 %)

S, utgdr 54 % av s,
Funktionerna (2) och (3) ha utrdknats fér vissa planthdjder i tab. 7.

Viktindex

De olika klass- och typindelningarna av plantorna ha framfér allt syftat
till att mojliggéra ett férutsdttningslést slutomdéme om plantornas beskaf-
fenhet. Av praktiska skil dr det onskvirt att uttrycka det samlade omdémet
i en enda siffra, vilken hir ges beteckningen viktindex. D4 en dylik index-
siffra icke lampligen bor asdttas plantorna direkt vid fdltarbetet pa grund av
risken for subjektiva inflytelser, har efter undersékningens slut en serie index-
siffror utarbetats pd rummet med ledning av klass- och typbeteckningarna.
Diérvid har skalan avpassats si, att fullt felfria plantor erhilla index 1,0,
medan de sdmsta och starkast skadade ldgst fa index o,1. Genom viktindex
graderas plantorna sdledes i en 10-gradig skala, i vilken alla omdémen om
plantorna sammanfattas. Huru viktindex avpassats i férhéallande till plant-
klass, planttyp med undertyper samt vixtlighetsindex framgar av tab. 8.
Skalan har erhallits pa sa sdtt, att de olika plantegenskaperna tillordnats
vissa, som skiliga ansedda, multiplikationsfaktorer. Fér plantor, som sam-
tidigt besitta tva eller flera egenskaper, har typindex erhallits genom hop-
multiplicering av de enskilda multiplikationsfaktorerna och avrundning till
nirmaste tiondel. Genom att i erforderliga fall typbeteckningarna vid falt-
arbetet sattes inom parentes kunde det undvikas, att samma egenskap
ingick i indexberikningen mer 4n.en gang.

Tabellen visar t. ex., att en felfri (klass ), vidkronig och vixtlig (typ ')
planta »svirderatsy till 80 9% av en felfri, vixtlig, normal eller smalkronig
planta. En starkt rétskadad (klass 4%), normalt utbildad men medelmattigt
vixtlig (typ #?) planta »virderas» till 20 %. Vore denna planta dessutom
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S.F:I: sml, 1935.
Fig. 9. Foga lovande bestandsféryngring. Kulbéackslidens foérsokspark.

Stand regeneration, not very promising. Kulbdcksliden experimental forest.

deformerad av bete (undertyp 4), skulle den »virderasy till 0,2 X 0,8 =
0,16 eller avrundat 20 9, av en frisk, normal, vixtlig planta. Vore den all-
varligt skadad av bete (klass 5-6%, undertyp (d)), skulle den »vdrderas»
till 0.2 X 0,5 = 0,10 eller 10 9%, av en frisk och oskadad, normal och vixtlig
planta. Nedsittning fér beteckningen (d) férekommer icke nu, emedan defor-
meringen redan redovisats genom skadebeteckningen b. — Det torde av det
foregiende framga, att »vdrderingen» icke asyftar en ekonomisk virdering
med avseende pa nutiden eller framtiden, utan endast utgdr en pa vissa iakt-
tagna plantegenskaper grundad, relativ jamférelseskala.

Vid de i kap. VIII utférda korrelationerna har medelviktindex fér de till
en viss vegetationstyp horande plantorna inom ett visst hygge berdknats
genom vigning med planthdjden, sdledes medelviktindex I = X' (h - 1)/ XA,
dir % = planthdjden och I, = de enskilda plantornas viktindex.

Ovriga observationer
Bland &vriga observationer och méitningar ndmnas féljande: Hojd &ver
havet, breddgrad, allmidn lutningsriktning och lutningsgrad, férekomst av
skogseldar, markbeskrivning, omfattande fuktighetsgrad (varvid hinsyn togs
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S.F.I's saml., 1939.
Fig. 10. Smadimensioner av gran som frétrad. Hygge 1929, 420 m 6. h., Dorotea.
Small-dimension spruces as seed trees. Cutting 1929, 420 m altitude.

till mineraljordens fysikaliska beskaffenhet, vixterna och direkt iakttagbar
vattenférekomst), humustickets tjocklek, skiktindelning och strukturella
egenskaper, férmultningsindex, markprofiltyp, geologiskt underlag. Dirjimte
ha observationer gjorts 6ver markbetidckningen, dess skiktindelning, beskaf-
fenhet och sammansittning av olika vixtarter.

ITI. Orientering 6ver undersékningsmetoden,
variablerna och bearbetningen

Om undersokningsmetodens begrinsning

Genom materialet fi vi kdnnedom om féryngringens mingd och beskaf-
fenhet inom ett stort antal hyggestrakter pd olika slags mark, i olika héjd-
lagen och av olika dlder och skoglig typ. Var frimsta uppgift dr att med hjilp
av dessa data skapa mojlighet att faststdlla foryngringsresultatets
medelvirde for hyggestrakter, som kdnnetecknas av nagon godtycklig, men
tdnkbar, kombination av observerade egenskaper. Detta arbete innebdr ett
utjdmnings- och interpolationsférfarande, vid vilket de korrelationsanalytiska
metoderna dro av storsta virde. ‘
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L4t oss nu formulera f6ljande friga: Vilket var det mest sannolika f6ryng-
ringsresultatet pa ett s och sd beskaffat hygge inom unders6kningsomrédet ?
Genom pa limpligt sdtt utférd interpolation i materialet kan ett otvetydigt
svar erhillas pd denna friga. Svaret kan visserligen framstd som mer eller
mindre otillrdckligt och osdkert, beroende pad brister i representationen, pa
var oférméga att vil karakterisera ett hygge och pa hur hégt vi stilla vira
ansprik, men det behover i 6vrigt ej forses med inskrdnkande reservationer.

Férhallandena bliva annorlunda, om vi stidlla en friga av denna form:
Vilket 4r det'mest sannolika féryngringsresultat, som framdeles vid en viss tid-
punkt kan pardknas pa ett nu upptaget, sd och sa beskaffat hygge? Vad som
hir dndrats faller latt i 6gonen. Det giller nu icke att konstatera, vilket fér-
yngringsresultat som faktiskt erhallits under vissa forhallanden, utan att f6r-
utsiga vilket resultat, som sannolikt skulle komma att erhallas under samma
férhallanden. Ett antal for féryngringsresultatet betydelsefulla variabler,
sasom t. ex. klimatet, frésdttningen och dess perioder, frétradens beskaffenhet,
skogsvardens intensitet i allmédnhet m. m., ha emellertid antingen icke kunnat
utrénas med erforderlig noggrannhet eller ha av andra skil ej observerats.
Betriffande dylika faktorer riknar man vid den statiska undersokningen i
allmédnhet med att de ligga vid sina medelvirden fér undersékningsperioden.
Vid férutberdkning av féryngringsresultatet framat i tiden mdaste man
antaga, att dessa faktorer kvarbliva vid samma okidnda medelvirden. I manga
fall kan ett dylikt antagande med goda skil géras. Men & andra sidan ir det
bekant, att vissa faktorer dro underkastade bade hastigt och langsamt fér-
16pande variationer, som icke medgiva allfér bestimda omd6émen om deras
medelvirden fér en viss kommande period. Sirskilt osdkra maste naturligtvis
omddmena bli f6r avldgsna perioder. Dessa svarigheter kunna pa grund av den
statiska undersdkningsmetoden icke alldeles undgés. Emellertid beh6va frage-
stdllningar av nu avhandlad art férdenskull icke helt avvisas. Genom att be-
grinsa prognostiden torde det vara méjligt att ur den statiska undersékningens
resultat vinna tillfredsstillande ledning fér bedomning dven av féryngringens
framtida utvecklingstendenser dtminstone fér den nirmaste tiden.

Vi 6vergd nu till att i korthet behandla frdgor, som sammanhdnga med
valet av variabler vid foryngringsunders6kningen.

Om foryngringsundersokningens variabelval
Det vore naturligtvis en stor férdel, om man vid karakteriseringen av en
lokal ur féryngringssynpunkt kunde uppmita just de egenskaper hos lokalen,
som std i ett direkt och oférmedlat samband med féryngringsresultatet.
Emellertid 4ro mojligheterna hértill av flera skil ytterst begrinsade. Vi veta
visserligen, att foryngringsresultatet visentligen beror pa de forhéllanden,
som rdda betriffande:
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S.F.Iis saml., 1939.

Fig. 11. En vanlig form av hygge, 380 m 6. h., Ansjo.

A common type of cutting.

Besaningens riklighet.

Groningen och plantans utvecklingsméjligheter under de f6r-
sta aren.

Tillvixtmojligheterna i fortsittningen.

I samtliga tre fallen ha vi emellertid att géra med processer, vilkas forlopp
betingas av ett invecklat samspel mellan en mangfald av enskilda, mer eller
mindre priméira faktorer. I flera fall dro vi endast bristfilligt underrittade
om vilka dessa faktorer &ro, och i ndstan samtliga fall erbjuder det sa gott
som ooverstigliga svarigheter att i stor skala och under fdltmaéssiga férhallan-
den uppméta dem vi verkligen kidnna. Variabelvalet begrinsas ddrjimte av
undersékningsmetoden sjdlv, som ej tilliter uppskattning av medelvirdet
hos sddana variabler, som gradvis férindras med tiden.

Till {6ljd av dessa omstdndigheter har ett urval av vissa 14tt och sdkert
uppskattbara, oberoende variabler synts erbjuda den enda nu framkomliga
vigen. Dessa variabler kunna emellertid endast delvis berdknas std i ofér-
medlat orsakssammanhang med foryngringsresultatet och kunna dédrfér ocksa
endast ofullstindigt &terspegla féryngringsbetingelserna pa enstaka lokaler.
Hiéray foljer, att undersdékningens malsdttning maéste inriktas pa
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S.F.Iis saml., 1943.

Fig. 12. Camouflerat hygge 1932, 430 m 6. h., Fredrika.
Camouflaged clearcutting 1932. 430 m altitude.

beskrivning av féryngringsférhallandenas karaktirsdrag i stort.
Vid variabelvalet har den genom manga forskares och skogsmins samfillda
verksamhet férvirvade allmidnna kdnnedomen om granskogens féryngrings-
férhéallanden och den genom materialinsamlingen uppnddda detaljkunskapen
tjdnat till ledning jimte de férestdllningar om orsakssamband och samspel,
som ddrur kunnat hirledas. Endast de oberoende variabler, som enligt korre-
lationsrdkningarna visat sig vara av visentlig betydelse for f6ryngringsresul-
tatet, ha vid denna bearbetning bibehdllits i funktionerna. De omfatta alla
eller for vissa trddslag en del av féljande karaktirer: Héjden Gver havet,
hyggesaldern, antalet frétrid i provytans omgivning samt vegetationstypen.

I fraga om den beroende variabeln — féryngringsresultatet — moéta dven
svarigheter, vilka liksom betrdffande de oberoende variablerna mera ha av-
seende pd uppskattningens praktiska genomfoérbarhet d4n pa problemets prin-
cipiella sida. Det torde ndmligen av de flesta ansvariga personer oférbehall-
samt medges, att i ett ekonomiskt skogsbruk resultatet av den naturliga fér-
yngringen rittvist mites av markvirdet vid féryngringstidens bérjan under
forutsittning av bidsta mojliga skogsskotsel. Markviardet kan dock fér nir-
varande icke anvindas som mdtare pa enskilda féryngringsresultat. Kinne-
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domen om olika atervixters framtida vidrdeproduktion 4r dnnu alltfér otill-
ricklig och onyanserad. Av praktiska skil maste dessutom produktionsutred-
ningarna borja med ett ritt framskridet utgangslige, vilket medfér sirskilda
svarigheter vid virdering av yngre atervixter.

Vid denna undersékning har dirfér féryngringsresultatet beskrivits genom
angivande av nigra visentliga huvuddrag hos itervixterna, betraktade sisom
populationer av en mingd till storlek och egenskaper olikartade individ. Dér-
jimte ha forsék gjorts att sammanfatta de olika karaktirerna till en enda
jamforelsesiffra, som avser att ge-en férenklad, 6versiktlig bild av f6ryngrings-
tillstdndets allminna lige.

Innan vi nirmare avhandla undersékningens detaljer, skall i storsta korthet
bearbetningens praktiska genomférande ‘beréras.

Om bearbetningens praktiska gemomfirande

For den anvinda korrelationsanalysens innebérd hinvisas till arbeten av
professor HENRIK PETTERSON (1932, 1934, I937) samt professor MANFRED
NASLUND (1935, 1940, 1942, 1947). Det tekniska f6érfarandet vid konstant-
och felberdkningar finnes behandlat i ett stort antal lirobocker, av vilka fol-
jande varit av sdrskild betydelse fér denna unders6kning, nimligen WHIT-
TAKER and ROBINSON (1926), HELMERT (1924), FISHER (1928) samt BoONNIER
och TEDIN (1940).

Avsikten var ursprungligen att varje enskild provyta skulle ingd som ett
element i rikningarna, vilka skulle ske med hjilp av halkortsmaskiner. Vid
den tidpunkt, d& bearbetningen borde ske, kunde f6rf. emellertid icke dispo-
nera over de erforderliga maskinerna, varfér samtliga berdkningar utférdes
med vanliga rdknemaskiner. Alla viktigare rdkningar utférdes tva génger,
varje gang av olika personer. Vidare vidtogos atgirder, avsedda dels att min-
ska arbetsitgdngen, dels att underldtta 6versikten av materialet. Den senare
synpunkten var till f6ljd av omstindigheterna av synnerlig vikt, emedan den
systematiska genomprévning av materialet, som halkortsmaskinerna kunde ha
mdijliggjort, visentligt mdste inskrdnkas och i stor utstrackning ersdttas av
ett detaljerat studium av grafiskt framstéllda partialsamband. Bland annat
berdiknades medelvirden av alla viktigare primiruppgifter. Dessa medel-
virden avsdgo gruppen av provytor, tillhérande en bestdmd vegetationstyp
~ och en bestimd hyggestrakt. Antalet element nedbragtes dirigenom véisent-
ligt. Uppgifterna overfordes dérefter till sirskilda kort, varigenom gruppin-
delningar och sorteringar relativt bekvimt kunde utféras f6r hand.

Arbetet fortsattes sedan efter i huvudsak f6ljande linjer. Forst grovsortera-
des materialet efter héjd 6ver havet i grupperna 100—199, 200—299 0.s.V.
m 6. h. Varje dylik grupp uppdelades direfter i undergrupper efter hygges-
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‘S.F.Is saml., 1939.
Fig. 13. Gammalt hygge av vanlig typ. Gultjal, 300 m 6. h.

Old clearcutting of a common type.

alder, ndmligen grupperna I—4, 5—9, 10—I4 0.s.v. dr. Inom de si erhallna
undergrupperna féretogos ytterligare gruppindelningar t. ex. efter antal fro-
trad pa frétridsyta eller storprovyta, avstind fran skogskanter, breddgrad,
lutningsriktning m. m. I detta till storleken begrinsade material kunde grupp-
indelningarna vanligen ej omfatta mer 4n tre variabler samtidigt. Atersta-
ende variabler kunde emellertid inom stora delar av materialet undersékas pa
sd sitt, att en av dem utvaldes f6r unders6kning, medan extremvirdena f6r
de &vriga bortsorterades. C

Efter beridkning av medelvirden i undergrupperna framstilldes nu grova
bilder av de olika partialsambanden. Dessa bilder gdvo den erforderliga
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S.F.Iis saml., 1936.

Fig. 14. Gammalt, daligt féryngrat hygge, Risliden.

Old clearcutting with bad regeneration.

ledningen fér bedémandet av partialsambandens form och arten av den
funktion, som kunde férvintas aterge densamma pi ett tillfredsstéllande sitt.

Dessa undersékningar ledde till insikten, att de flesta partialsamband bist
syntes kunna representeras av krékta kurvor, stundom med dubbla krékar
och inflexionspunkter, stundom med kulminationspunkt eller asymptot. I all-
minhet dro sambandsfunktionerna dirfér timligen invecklade. Som man
kunde vinta framgick det dessutom, att variablerna ofta voro starkt »kopp-
lade», d. v. s. férloppet av ett visst partialsamband berodde p4 vilka bestimda
virden en eller flera andra variabler hade. Dessa »samspel» mellan olika vari-
abler dro ofta av stor betydelse och bidraga for 6vrigt starkt till den korrela-
tionsanalytiska bearbetningens svérigheter.

De oberoende variablerna kunna inféras i korrelationsrikningen pé olika
sitt. I minga fall har man uppnatt goda resultat genom att anvinda poly-
nom i de olika variablerna, vanligen av andra eller tredje graden. Utjimnings-
funktionen fir di formen: y =a + bx, + c¥ + ... + dx2 +ex,2 + ... +
fx1%, . .. T vart fall leder emellertid polynomformen till svirigheter, emedan
antalet termer maste bli mycket stort for att méjliggéra anpassning till vissa
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av partialsambanden, varjimte vi nddgas avstd frin den viktiga férhands-
kidnnedomen om asymptoternas lige. Funktionen kan uppnd betydligt stérre
smidighet, om man helt eller delvis ersédtter primidrvariablerna med algebraiska
eller transcendenta funktioner av desamma. Sélunda kan t. ex. x; ersittas
eller kompletteras med 1/x;, %,2, In x;, e o.s.v. (jfr NASLUND 1942 m. fl.).
Med hjilp av dylika variabelformer torde i de flesta fall de erforderliga krok-
ningarna kunna aterges och asymptotldgena uppnés. Samspelen mellan olika
variabler erbjuda dock dnnu betydande praktiska svarigheter. Genom info-
rande av kombinationstermer bestdende av flera sammankopplade variabler
av typen x%,, e“TP)% o 5. v. kan man emellertid & funktionen att aterge
dven samspelen.

Genom den preliminira inspektionen av materialet ha vi kommit fram till
ett uttryck fér varje sambandsfunktion. Detta uttryck innehéller utom de
oberoende variablerna ett antal koefficienter. For att bestimma dessa koeffi-
cienter anvidndes:minsta-kvadrat-metoden, som innebir, att koefficien-
terna ges sddana virden, att spridningen S, kring funktionen blir sd liten som
méjligt. — Nar man uttrycker de villkor, som koefficienterna maéste uppfylla
for att S Y skall‘min‘imeras, erhélles ett ekvationssystem, de s. k. normalekva-
tionerna. Om alla koefficienter ingd linjirt, bli ocksd normalekvationerna
linjdra och kunna l5sas explicit. '

Undersékningarna av partialsambanden ha emellertid visat, att koeffici-
enterna ofta ingd pa ett icke linjirt sitt i sambandsfunktionerna. I sddana
fall kan man 16sa normalekvationerna genom successiva approximationer
sasom illustreras av f6ljande exempel. Lt oss anta att undersékningen av ett
visst partialsamband givit skil fér uppfattningen, att dess form kan ater-
ges av funktionen y = a 4 be=®*. Av materialet kan man se vilka virden
Pa ¢ som &ro rimliga (mera hirom nedan). Antag att vi valt ut férsoksvirdet
¢’. Om ¢°% =z fas funktionen y = a + bz, i vilken @ och b ingd linjirt.
Man kan d& ldtt bestdmma vilka vdrden a och & skola ha for att restsprid-
ningen, S » kring funktionerna a - be=** skall minimeras. Om man systema-
tiskt provar flera provisoriska virden pa ¢ i nirheten av ¢’, kan man av stor-
leken pa S, avldsa, huruvida det finns béttre nirmevérden &n ¢’ och i vilken
riktning de skola sokas. Vid sékandet efter nya ndrmevirden kan man &ven
anvinda f6ljande férfarande (jfr WHITTAKER och ROBINSON, 1926, sid. 214).

Beteckna allmidnt sambandsfunktionen med f(a, b, ¢). Om «, § och y dro
smi forbdttringar av nirmevirdena a’, b’, ¢’, ha vif(a’, b’, ¢') = f[(a’ + «),
(6’4 B), (¢/ 4+ )] och enligt TAYLORS sats approximativt:

(@ + o), (7 + B €+ )] = (@, v, ¢) + LT
of(a’, b’ of(a’, b', ¢")
80’ s

+ :2) g+
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S.F.Iis sml., 1941I.
Fig. 15. Vidkronig tallféryngring, Vannis.

Broad-crowned pine regeneration.

Hir dro samtliga storheter bekanta utom «, f, y, vilka emellertid framstallts
i linjar och saledes fér korrelation tillgdnglig form. For det valda exemplet
ha vi:
! bl !
f(@,b',cy=a' + b'e*% iﬂaéﬂl_’ ¢’) = 1;

of(a’, &', ¢') p—c'r. of(a’, o', ¢')

b’ = W —b'xe~°*. Normalekvationernas 16sning

ger foljaktligen numeriska virden pa «, B och v, vilkas sikerhet kan bedémas
genom jamférelse med deras resp. medelfel. Den nu skisserade berdkningen
kan i vissa fall vara tdmligen omst4dndlig och den tillgripes da icke, om man
pa annat sitt kan bilda sig en uppfattning om ndrmevirdenas anvandbarhet.

Nir det giller att bestimma ett férsta ndrmevirde pd en koefficient (¢’ i
féregdende exempel), kan man férfara pa flera sitt. Man kan bl. a. tillgripa
transformationer av den beroende variabeln. Om sambandsfunktionen t. ex.
har formen y = xe=°*, fir man f6ljande uttryck fér den naturliga logarit-
men av y :iny = Inx— cx. I detta uttryck ingér ¢ linjart. Man kan dérfor
bestimma det virde ¢ = ¢/, som minimerar spridningen av de observerade
véardena pa In y kring funktionen /n x — cx. Detta virde kommer emellertid i
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allménhet ej att minimera spridningen S, hos den ursprungliga variabeln y
kring funktionen xe—**. Dirfér kan ¢’ betraktas blott som ett ndrmevirde
for det ¢, som minimerar S,. .

Foljande exempel belyser ett forfaringssitt, som anvints for att framstéilla
sambandsekvationer i de fall, d4 det rader samspel mellan de oberoende variab-
lerna. Betrakta funktionen y = ax - ¢ %" med de tvi oberoende variablerna
x och z. Vi s6ka forst ett nirmevirde pa b. Genom logaritmering erhalles in y
— Inx = Ina — bz. Hirigenom vinnes fér varje partialsamband genom nume-
risk utjaimning ndrmevirden savil pd b som pa a. Det kan nu intriffa, att &
utfaller i stort sett lika fér de skilda partialsambanden, medan @ systematiskt
dndras med x. Numerisk utjdmning av /n a Over x ger t. ex. funktionen
Ina = ¢ — dx eller a = ¢ - ¢ %. Hela funktionen far slutligen formen
y = e°xe 7% vilken med de kinda nirmevirdena pa b och 4 kan utnyttjas
vid korrelationsrdkningen.

Dessa exempel torde ricka som illustration till den anvidnda metodiken.
Funktionerna viljas subjektivt, men med st6d av faktiskt iakttagna bilder
av approximativa partialsamband. Valet kan goras sikrare och speciellare i
samma mén dessa dro klara. DA spridningarna 4ro stora eller materialet litet,
framsta partialsambanden otydligare och funktionsvalet maste inskrinkas till
enklare former. ,

De med ledning av de prelimindra undersdkningarna valda sambandsfunk-
tionerna ha som redan pépekats ofta varit ganska invecklade och ofta inne-
hallit ménga koefficienter. Med hidnsyn till arbetskostnad och tidsatgang
(bland annat med tanke pa de manga beroende variabler, som maste ingd i
undersékningen med olika uppsdttningar av oberoende variabler) har det
dérfor icke varit mojligt att i varje fall genom successiva approximationer
eller pd andra sitt arbeta sig fram till en exakt 16sning av normalekvationerna,
utan i vissa fall har man fatt n6ja sig med ndrmevirden for en del av koeffi-
cienterna. P4 grund hirav fi en del sambandsfunktioner karaktiren av approxi-
mationer. T vért fall 4ro dessa emellertid i allminhet goda. Detta beror till
stor del dirpd, att numeriska metoder si vitt mdjligt anvéints vid ndrmevar-
denas hirledning. Vidare kan det visas, att funktionernas bildkurva vanligen
roner endast obetydlig paverkan av smérre dndringar i ndrmevirdena.

Vid en del utjdmningsuppgifter vet man 4 priori, att y skall anta ett visst
virde for ett bestimt virde pd x. Ej sillan férekomma salunda uppgifter,
vid vilka man t. ex. vet, att y = 1 f6r x = o eller y = 0 f6r x = o, 0. s. V.
Da utjamningsfunktionen saknar konstant term, sisom exempelvis vid ut-
jdmning av funktionen y = ax?, varvid funktionen saledes gir genom origo,
kan det understundom vara Onskvirt, att y bringas att antaga sitt medelvirde
for medelvirdet pa den eller de oberoende variablerna. Detta intriffar eljest
icke med sdkerhet. Ej heller blir summan av punkternas avvikelser fran re-
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gressionen med sina tecken = o. I fall av ovanndmnd art kan man utdka nor-
malekvationerna och till dem foga villkorsekvationer, varigenom y for-
mas att anta ett visst virde f6r vissa virden pd de oberoende variablerna.
Dirvid ger utjimningen den minsta summa avvikelsekvadrater, som kan
férenas med de inférda villkoren (jfr HELMERT, 1924, sid. 262 ff.). Denna me-
tod har i det f6ljande i nagra fall anvénts.

Betrdffande sddana oberoende variabler som exempelvis vegetationstyp
och andra liknande klassificeringar, f6r vilka numeriska virden saknas, har
korrelationen i1 huvudsak utfoérts pd det sitt, som angivits av professor M.
NASLUND (1942), till vilken uppsats hinvisas f6r nidrmare informationer.
Metoden utmynnar i bestimda indexvédrden fér varje typ eller klass. Vid
berdkning av y for en viss typ skall det fér typen bestimda indexvirdet
insdttas 1 funktionen. I férevarande fall ha indexvidrdena ofta framstillts
som relativtal.

IV. Utredningar rérande plantantalet

I detta kapitel behandlas de foér beskrivning av plantantalet hirledda
funktionerna och partialsambanden, varefter de olika variablernas betydelse
fér plantantalet diskuteras mot bakgrunden av funktionsresultaten.

De anvidnda beteckningarna ha féljande betydelse.

= beroende variabel, hir — antalet plantor pi en cirkelprovyta med
1,4 m radie, areal 6,1575 m?2.
Foér omféring till plantantal per hektar multipliceras y med 1 624.

x, 2 = oberoende variabler.
H = hojden 6ver havet i meter.
A = hyggesaldern i 4r.
F = antalet frétrdd pé en cirkelprovyta med 25 m radie, areal 0,1963 hek-

tar. For omféring till frétradsantal per hektar multipliceras F med

5,09.
index fér vegetationstyp.

~
I

yp = det med hjdlp av nigon viss funktion berdknade virdet pid y.
den beroende variabelns spridning kring sitt totala medeltal.
» » » spridning kring den utjimnande regres-

wn
Il

wn -
I

sionen.



38:9  NATURLIG FORYNGRING I NORRLANDSK GRANSKOG 31

L = lavtyp.
LF = lavtyp med friskmossor.

F; = ortfattig friskmosstyp.

F, = ortrik friskmosstyp.
FS, = ortfattig friskmosstyp med sumpmossinslag.
FS, = ortrik friskmosstyp med sumpmossinslag.
S; = ortfattig sumpmosstyp.

S, = ortrik sumpmosstyp.

Nyfiryngring av barrtridsplantor

For antalet efter féryngringshuggningen uppkomna plantor av tall och
gran, vilka bada trddslag vid denna bearbetning sammanslagits, erholis
foljande funktion.

Y = 10,7133 %; + 10,9054 %5 + 0,5219 Xy «..e.uvun.. (4)

De oberoende variablerna ha nedan angiven betydelse.

% = log<I + 0.6 %)e—o'” (FHo)2

Xg = % 5
H
—0,067 F—0,55——
zn = Fe 100
%3 = I yg
Yp = 10,0029 %; + II1,0235 X

I = typindex, som skall ingd med féljande virden, ndmligen fér:
(L och LF = —o0,7988, endast ett fital ytor). ‘

F; och F, = —o0,0259.

FSf, FS,, S; och S, = +-0,7506.

Funktionen transformeras med ledning av dessa uppgifter till den bekvi-
mare formen:

y = %(10,7133 + 5,2205-] + %(10,9054 45,7532 )] ... .. ... ...t (5)

Funktionen #, finnes tabulerad fér olika virden pa A och H i tab. 9, och
funktionen z, dterfinnes utrdknad for olika virden pd H och F i tab. 10.

I den vid korrelationen anvinda funktionen (4) ha konstanterna féljande
medelfel. :

Konstant Medelfel D:oi %
10,7133 IL,1747 10,96
10,9054 1,1744 110,77

0,5219 0,1496 28,66
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Den ursprungliga spridningen i y utgjorde s, = 8,346 plantor per yta. Den
har genom korrelationen nedbragts till S, = 5,841 eller till 69,99 % av s,.
Vid denna berdkning har hénsyn tagits till alla genom konstanter och index-
viarden »férbrukade» frihetsgrader. Den multipla korrelationskoefficienten
har virdet 0,72, vilket indikerar ett ganska starkt samband mellan y och de
oberoende variablerna.

I tab. 14 har antalet nyféryngringsplantor per ha pé frisk mark berdknats
for vissa virden pd héjden 6ver havet, hyggesédldern och antalet frétrad per
frétradsyta.

Diskussionen av funktionens tillférlitlighet torde ldmpligen kunna féras pa
foljande sdtt. Vi boéra ddrvid erinra oss, att materialets element utgéras av
medeltalen fér ett vixlande antal provytor inom de sérskilda vegetations-
typerna pd de skilda hyggena. Vi kunna féljaktligen berdkna provytornas
spridning kring varje .enskild vegetationstyps medeltal pa varje sirskilt
hygge. Denna spridning beteckna vi med s;, som utgdr en uppskattning av det
motsvarande teoretiska virdet o,. Berdkningen av s; genomféres inom de
olika grupper av vegetationstyper, for vilka det med hjilp av (4) berdknade
yB-vardet faller mellan granserna 0—o0,99, I,00—TI,99, 2,00—2,99, 3,00—3,99,
4,00—5,99 samt 6,00 och ddréver. For varje sddan y4-grupp erhalles silunda
ett medelvirde pa s,.

Motsvarande berdkning utféres dven for vegetationstypsmedeltalens (ele-
mentens), spridning kring regressionen. Vi beteckna den hirur erhéillna upp-
skattningen av den enskilda ytans spridning kring regressionen med s,,.
Medelvirdet av s,? fér hela materialet dr Sf,, som forut ar kint.

Vi dro nu intresserade av att utréna den teoretiska spridning, ¢,,, som féror-
sakas enbart av typmedeltalens avvikelser frin regressionen, vilken vi for
tillfillet kunna betrakta som sikert fastlagd. Eftersom antalet ytor inom
varje vegetationstyp 1 regel 4r olika, berdknas forst ett medelantal ytor for
varje yg-grupp. Om /4 betecknar antalet vegetationstyper och % antalet ytor i
de olika vegetationstyperna, erhalles medelantalet ytor f6r en viss yg-grupp

2
ur formeln &y = }i <Zk — §—2> Vi fa ddrefter som uppskattning av o2
uttrycket (s,2—s,2) [k, (jfr SNEDECOR, 1946, sid. 232 ff.). Berdkningarnas slut-
resultat sammanfattas i tab. 11.

Tabellen visar, att ytornas spridning (s,,) kring regressionen 4r olika inom
olika delar av denna och att den i absolut métt stiger med stigande berdknat
medelantal plantor per yta. Aven spridningen (s;) inom vegetationstyperna
stiger med 6kat plantantal. Det uppskattade virdet av vegetationstypsmedel-
talens teoretiska spridning (o,) kring regressionen 6kar ocksa den, ehuru
tillfalligtvis ett 14gt vdrde erhallits i den plantrikaste y ,-gruppen. Av tabellens
nedersta rad framgér, att kvoten o¢,,/m ddremot sjunker med stigande plant-
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rikedom, d. v.s. spridningen uttryckt i procent av plantantalet &r mindre
mellan plantrika dn mellan plantfattiga hyggesomraden.

Lat oss nu tdnka, att vi std framfér en viss vegetationstyp pa ett bestdmt
hygge. Med kinnedom om erforderliga data kunna vi ur funktionen (4) be-
rikna ett virde, y,, pd antalet nytillkomna barrtridsplantor per provyta.
Vi 6nska jimféra detta virde med det faktiskt befintliga plantantalet. Upp-
skattas detta genom upprdkning av plantorna pd en enda slumpvis utlagd
provyta, finna vi ett virde y, varvid variansen fér (y—yj) utgér oy = 0, +
g7. Genom att utligga » provytor kan ett sédkrare medelvirde, y,, beriknas,
med variansen ¢,% = ¢,> + 0;/n. Om = gores tillrickligt stort, kan hdgra
ledets andra term férsummas, och vi erhdlla som grinsvirde ¢,2 = 0,2
Detta innebédr att det observerade medelplantantalet for en vegetationstyp
inom ett enda tillrdckligt stort hygge kan skrivas y, = yp+0,,.

Tabell 11 visar nu (nedersta raden), att o,, uttryckt i procent av y, = m
stiger till avsevdrda belopp, varierande mellan de ungefirliga grinserna 18
och 114 %,. Detta resultat inbjuder icke till f6rs6k att med hjilp av funktion
(4) ange det sannolika nyféryngringsresultatet pd en isolerad lokal. For att
komma ned till ett medelfel om 10 procent av plantantalet maste vi i materia-
lets centrala delar ta ett medeltal av 20 a 30 olika, 6ver unders6kningsomridet
spridda, lokaler i betraktande. P4 plantfattiga hyggen stiger fordran pa an-
talet lokaler till 6ver 100. Det bor emellertid observeras att 1o procent medel-
fel i detta fall 4r en mycket hég fordran. Ett plantantal av t. ex. 0,5 plantor
per yta motsvarar 812 plantor per ha. Ur skoglig synpunkt torde det vara av
foga betydelse att faststilla ett sd l4gt antal pd 81 plantor nir. Det 4r mer
eller mindre en smaksak, hur mycket vi vilja sinka noggrannhetsfordringarna
pa daligt foryngrade hyggen. I allminhet torde man dock kunna anse, att
funktionen ger praktiskt tillfredsstdllande noggrannhet fér grupper om 2o a
40 olika lokaler, karakteriserade av samma uppsittning oberoende variabler.

Innan vi limna spridningsunders6kningarna torde det vara av intresse att
delvis ur en annan synpunkt betrakta de bdda virdena o,, och ¢;. Vi ha funnit
att variansen fér en provyta utlagd pa en viss vegetationstyp utgér o =
0,2+ o2 1 funktion (4) forekomma endast sidana oberoende variabler
som karakterisera hela vegetationstyper, ddremot inga, som avse att beskriva
enskilda provytor. Korrelationen limnar siledes ¢, oberdrt och hela dess
effekt yttrar sig i kvoten ¢,,2/0%. Om vi ldimna ett sirskilt lagt virde i yg-
gruppen 6,00 — utan avseende, variera uppskattningarna av kvoten o2, /o*
mellan 0,09 och 0,20, d.v. s. av den resterande variansen kommer i runt tal
10—20 % pa typmedeltalen, medan variansen, inom vegetationstyperna
svarar for 80—qo 9,. Det ligger f6ljaktligen nira till hands att soka férbittra
korrelationen genom att inféra variabler, som karakterisera de enskilda prov-
ytorna. Utan tvivel skulle man hirigenom kunna vinna ékad férstdelse for

3. Meddel. fran Statens skogsforskmingsinstitut, Band 38:9.
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Barr*tréidspL per ha
Conit p/a/zz‘.r per hectar ¢
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Fig. 16. Nyforyngring av barrtridsplantor. Partialsamband med hoéjden ¢ver havet for

= 15 ar, F = 41 st./ha samt frisk mark (I = — 0,0259).
New regeneration of coniferous plants. Partial regression of number of plants on height above
sea level for A = 15 years, F = 41 per hectar and healthy ground (I = —o0.0259).

foryngringsprocessens orsakssammanhang och riktigare kunna avviga den
relativa betydelsen av dess olika sidor. Déremot synas flertalet av ifrigavarande
variabler endast med svarighet kunna utnyttjas direkt f6r praktiska &ndamal.

Vi fortsitta nu med en beskrivning av de olika partialsambanden. Dessa
erhillas genom att i funktion (4) eller (5) insitta vissa bestimda virden pd
alla oberoende variabler utom den, som man nirmare vill studera. Funktionen
kommer siledes endast att innehélla y och denna aktuella, oberoende variabel
samt i 6vrigt konstanter. Sambandet mellan de bidda variablerna kan darfor
beridknas och uppritas. Da dessutom skillnaderna mellan observerade och be-
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riknade y-virden utrénts, kan efter limplig gruppering de observerade y-
virdenas férdelning kring partialsambanden 4ven askadliggéras. Vid berdk-
ningen av de i fig. 16—19 &tergivna partialsambanden ha de olika oberoende
variablerna givits ett avrundat virde i nidrheten av deras resp. medeltal,
nimligen for héjden &ver havet 300 m, fér hyggesildern 15 dr, f6r antalet
frotrad 41 st. per ha. For vegetationstypen har valts det for frisk mark gil-
lande indexvirdet —o,0259.

Fig. 16 visar sambandet mellan antalet per ha efter avverkningen uppkomna
barrtridsplantor och héjden 6ver havet. Darvid har hyggesdldern det
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Fig. 17. Nyféryngring av barrtridsplantor. Partialsamband med hyggesaldern f6r H =

300 m, F = 41 st./ha och frisk mark (I = — o0,0259).
New regeneration of coniferous plants. Partial regression of number of plants on number of years
after cutting for H = 300 m, F = 41 per hectar and healthy ground (I = —o0.0259).

konstanta vdrdet 15 ar och antalet barrfrétrad virdet 41 st. per ha och vidare
forutsittes vegetationstypen vara en frisk ris- eller érttyp. Punkterna kring
kurvan utvisa observationsmedeltalens faktiska lige.

Av bilden framgar vilket oerhort starkt inflytande hojden 6ver havet ut-
6var pa barrskogsféryngringens méjligheter att sla till och hur snabbt f6érhal-
landena férsdmras med stigande héjdlige. Redan mellan 300 och 350 m 6. h.
ar féryngringsresultatet nere i det mycket blygsamma beloppet 2 ooo nytill-
komna plantor per ha. Héjdvariabeln redovisar utom ett rent klimatinfly-
tande dven ménga andra faktorer, som mer eller mindre std i samband med
detta, t. ex. markvegetationens utveckling, humusens struktur och beskaffen-
het, frotradens effektivitet m. m:

Fig. 17 visar sambandet mellan antalet nytillkomna barrtrddsplantor och
hyggesdldern under samma forutsittningar som ovan. Plantantalet 6kar
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med stigande hyggesalder, ehuru den arliga ¢kningen avtar med tiden. Detta
foérlopp har man anledning véinta sig bl. a. emedan groningsbetingelserna pa
hygget till en bérjan vanligen férbittras genom markomvandlingens processer
och vegetationens férsvagning, fér att senare forsidmras, nir markvegeta-
tionen ater 6kar och konkurrensférhillandena skirpas.

Fig. 18 antyder sambandet mellan antalet barrtrddsplantor och antalet
barrfrétrdd per ha under férut angivna forhdllanden. Sambandet 4r icke
lika starkt som de féregdende, sannolikt till stor del beroende pi att ingen hén-
syn tagits till frétridens olika storlek och beskaffenhet. Orsaken hirtill be-
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Fig. 18. Nyforyngring av barrtridsplantor. Partialsamband med frotradsantalet f6r
H = 300 m, A= 15 ar och frisk mark (I = — 0,0259).

New regeneration of coniferous plants. Partial regression of number of plants on number of seed
trees for H = 300 m, A = 15 years and healthy ground (I = —o0.0259).

réres nedan. Kurvan visar, att frétrdden ha en gynnsam, ehuru icke synner-
ligen stark effekt pd féryngringens riklighet, dnda till dess deras antal uppgar
till omkring 75 st. per ha, dir maximipunkten nés. Bli frétraden fler, sjunker
plantantalet igen. Kurvan gir emellertid mycket flackt i trakten av kulmina-
tionspunkten. Dennas lige ar dirfoér ytterst osdkert bestdmt, vartill ocksa
punkternas stora spridning starkt bidrar. Noll frétrdd per ha betyder, att
‘inga frotrad finnas inom 25 m frin den undersékta provytan. Eftersom
frétrdd kunna finnas pa lingre avstand, dr det naturligt, att rdtt mycket
plantor uppkommit, dven dd frétridsantalet betecknats med o.

Med hidnsyn till vad som var bekant om barrtridsfréets spridningsvidd
ansdgs vid underskningens bérjan mindre radie 4n 25 m ej béra ifrdgakomma
fér frotridsytan. Dennas stora areal medférde, att frétrddens uppklavning
framstod sdsom ett alltfér betungande arbete. Genom senare undersékningar
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har emellertid gjorts sannolikt, att &tskilligt kunde vinnas pa uppklavning
av frotraden, d4ven om ytan dirvid skulle inskrdnkas. Trots sina stora brister
har den anvinda frotridsvariabeln likvil varit tillrdcklig for att pavisa bety-
delsen av rik frébesdning pa hyggena.

Fig. 19 visar for fullstindighetens skull vegetationstypens inflytande pd
nyféryngringen. Punkten till vinster anger under de givna férutsdttningarna
plantantalet pd friska marker, bide sddana som dro oOrtfattiga och sidana,
som kinnetecknas av ortférekomst, t. ex. Dryopteris, Geranium, Cornus m. fl.
(typerna 3 och 4 & sid. 9 = typerna F, och F, & sid. 31). Punkten till hoger
anger plantantalet pa halvfuktiga och fuktiga marker, vare sig de dro ortfat-
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Fig. 19. Nyforyngring av barrtridsplantor. Partialsamband med vegetationstyp for
H = 300 m, A =15 4r, F = 41 st./ha.

New regeneration of coniferous plants. Partial regression of number of plants on site type for
H = 300 m, A= 15 years, F = 41 per hectar.

tiga eller értrika (typerna 5—8 & sid. 10 = typerna FS;, F'S,, S; och S, 4 sid.
31). I vegetationshidnseende skilja sig de bada grupperna at visentligen med
avseende pi forekomsten av sumpmossor — féretridesvis Sphagnum — som
finns i den senare men saknas i den férra. Den hogra punkten ligger 40 procent
o6ver den vinstra. De fuktiga marktyperna dro siledes avsevirt mer ldtt-
foryngrade 4n de friska. Med hidnsyn till fuktighetens stora betydelse for
groningsprocessen och plantornas mojligheter att 6verleva det forsta arets
péfrestningar synes skillnaden gi i vintad riktning. :

De olika primirvariablerna H, 4, F och I i funktion (4) férekomma i kom-
bination med varandra, vilket har till £61jd, att »samspel» uppstd mellan vari-
ablerna i frdga. Ett ndrmare studium av dessa samspel leder emellertid till
slutsatser, som delvis férefalla sjdlvklara pa grund av. variablernas natur och
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delvis dro féga upplysande pa grund av de mainga okédnda interkorrelatio-
nerna mellan primérvariablerna. Sdlunda exempelvis: F6r viss héjd 6ver
havet och viss vegetationstyp inverkar hyggesildern mera pd det slutliga
plantresultatet ju fler frétrdd som finnas (intill f6rut nimnd gréins). Likasd
har frétridsantalet inverkat mera ju hogre hyggesaldern dr. Vid viss hygges-
alder 4r 4 andra sidan den fordelaktiga inverkan av frétriden i pafallande
grad mindre ju hégre héjden 6ver havet dr och i samband didrmed mildras den
oférdelaktiga inverkan av stigande hojd 6ver havet endast i ringa grad av
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Fig. 20. Partialsamband med hojden 6ver havet.
Partial regressions on height above sea level.

storre frétriddsantal. Liknande foérhallanden rada betrdffande hyggesaldern,
da frotradsantalet dr konstant. — De olika partialsambanden kunna ndrmare
studeras i fig. 20—25.

En av de faktorer, som kunde tidnkas paverka féryngringsvilligheten, dr
hyggestraktens allminna lutningsriktning. En sirskild undersokning
pd grundval av skillnaden mellan observerade och beriknade plantantal
(y—yyp) visade emellertid inga tydliga tendenser till f6rdel f6r nigon bestimd
Iutningsriktning. Det stérsta underskottet upptridde i den hyggesgrupp,
vars lutningsriktningar 14go mellan SSO och SV, det stérsta 6verskottet ater
i den, dir de follo mellan VSV och NV. Sirskild uppdelning av differenserna
pa olika vegetationstyper gav inga ytterligare upplysningar. Ehuru lutnings-
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Fig. 23. Partialsamband med hyggesaldern. »
Partial regressions on number of years after cutting.
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Fig. 24. Partialsamband med frotradsantalet.
Partial regressions on number of seed trees.

riktningen genom sin inverkan pa lokalklimatet utan tvivel spelar en roll fér
foryngringen, kunde den siledes icke utnyttjas som variabel vid denna bear-
betning.

For att undersoka betydelsen av provytornas avstand till n4rmaste skogs-
kant grupperades ytorna inom den plantrika h&jdzonen roo—1g9g9 m 6. h.
efter avstdndet till skogskanten i grupperna 1—20, 21—30, 3I—40, 4I—50
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Fig. 25. Partialsamband med frotradsantalet.
Partial regressions on number of seed trees.
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Fig. 26. Sambandet mellan antalet plantor och avstandet till ndrmaste skogskant i
hojdzonen 100—199 m 8. h.

Relation between number of plants and distance to nearest stand border in the height zone 100—
I99 m above sea level.
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och 57— m. Medelantal plantor och medelantal frétrad berdknades samtidigt,
varjimte olika hyggesaldrar sirhollos. Sistndmnda klassindelning gav dock
inge upplysningar, varfér alla hyggesdldrar sammanslogos. Det slutligen er-
hallna sambandet visas i fig. 26. En svag positiv effekt av nirhet till skogs-
kanten kan mojligen sparas i figuren. En justering av punkternas ldgen med
hinsyn till frétrddsantalet skulle sinka de tre vinstra och h&ja de tva hogra,
varigenom sambandet ytterligare skulle férsvagas. Skil ansdgs darfér icke
foreligga att medtaga avstandet till ndrmaste skogskant som variabel i korre-
lationen. Detta anmirkningsvirda resultat fértjinar sikert den storsta upp-
mirksamhet. Ur skoglig synpunkt féranleder det féljande slutsats: Kant-
besdning har icke haft den féryngringsverkan, som man kunnat
vinta sig, och kan pa de ifrigavarande marktyperna icke er-
sitta besdning fran frétrdadsstdllningar.

Inflytandet av det antal ar, som férflutit mellan féryngringshuggningen och
hyggesrensningen har undersékts fér samtliga héjdligen. Darvid visade
sig antalet nytillkomna barrtrddsplantor vara stérre pa hyggesrensade hyggen
dn pd ej rensade endast inom héjdzonen zo0—299 m 6. h. I 6vrigt voro de
orensade hyggena nagot plantrikare. Skillnaderna voro dock smd och béra
givetvis icke tolkas som bevis fér att hyggesrensning dr en onddig atgird.
Antalet 4r mellan féryngringshuggning och hyggesrensning kunde ej heller
visas ha mirkbar effekt pa foryngringsresultatet.

Av vegetationstypsindex har framgétt, att de fuktigare marktyperna under
likartade férhallanden i 6vrigt dro ldttare att féryngra, d. v. s. plantrikare,
dn de friska. Didremot syntes de 6rtrika vegetationstyperna ej vara de 6rt-
fattiga overldgsna i friga om foéryngringsvilligheten. I sjdlva verket visa
differenserna mellan observerade och enligt funktion (4) beriknade plant-
antal nagot svagare resultat pa de ortrika typerna F,, F'S, och S, 4n p4 mot-
svarande ortfattiga typer F,, FS; och S,. Skillnaderna i plantantal per yta
dro i allminhet sméi i hjdligen ovan 200 m 6. h. Sdlunda var t. ex. differensen
F—F, for hela materialet lika med + 0,4 plantor per yta inom hdjdzonen
200—299 m §. h., — o,1 plantor inom h&jdzonen 300—399 m och + 0,1
plantor inom héjdzonen 6ver 400 m. Inom héjdzonen 100—199 m &. h. upp-
gick skillnaden till stérre belopp, ndmligen 4 1,06 plantor per yta. Denna
skillnad har dérfér nirmare undersokts. Inom de bida typerna F,; och F,
berdknades medeltal och spridningar, varvid befanns, att differensen F,—F,
= - 1,06% + 0,51. Skillnaden 4r sdledes signifikativ, ehuru med knapp mar-
ginal. Aldersférdelningen inom de bada grupperna var emellertid ej fullt
likartad, och frotridsantalet var betydligt stérre pd F-typen dn pa F -typen.
Inflytandet av dessa olikheter i dlder och frétrddsantal verkar mot en minsk-
ning av differensen. Det synes ddrfér atminstone vara mycket osdkert, om den
positiva skillnaden mellan ortfattiga och ortrika vegetationstyper aterspeg-
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lar ett faktiskt naturférhallande. — Foér samtliga hojdligen underséktes
vidare inom vegetationstypen F, de differenser, som uppkommo da typen
uppdelades i tre underavdelningar karakteriserade av 1) Geranium, 2) Aconi-
tum eller Mulgedium, 3) Dryopteris, Oxalis eller Cornus. Aconitum-Mulgedinwm-
gruppen placerade sig framst, {6ljd av Geranium-gruppen och sist Dryopteris-
Oxalis-Cornus-gruppen. Ordningsfoljden forefaller plausibel, men da diffe-
renserna enligt 6verslagsberdkningar dro insignifikativa, torde det tills vidare
4 betraktas endast som en rimlig mojlighet, att de olika értgrupperna kinne-
teckna olika grader av foryngringsvillighet.

En ndrmare undersckning av breddgradens inflytande pa plantantalet
gav intet resultat av virde, vilket vil torde bero pd undersékningsomradets
ringa utstriackning i nord-sydlig riktning.

Stor férhoppning stilldes fran bérjan pa storprovytans (sid. 12) trdad
som variabel i korrelationen. Om maénga frétrdd pa frétradsytan intill en viss
grins maste antas verka i gynnsam riktning, kunde man diremot forestilla
sig, att ett stort antal trdd péd storprovytan, alltsd i plantytans omedelbara
omgivning, borde verka i ogynnsam riktning. Efter berdkning av y, medelst
funktion (4) sorterades avvikelserna (y—v;) upp pd klasser efter storleken
av summa grundyta pa storprovytorna. Vore ovanstidende tankeging riktig,
borde positiva differenser samlas inom klasser med ldga grundytesummor,
medan negativa differenser borde samlas inom klasser med stora grundyte-
summor. Detta intriffade emellertid icke, varfoér 4ven denna variabel kunde
uteldmnas.

Bestandsforyngring av barrtridsplantor

Bestandsforyngringen, d. v. s. de plantor som enligt aldersbestimningen
funnos pad marken redan fére féryngringshuggningen, uppvisar mycket stora
vixlingar. Detta torde vara naturligt med hinsyn till att bestindsféryng-
ringen huvudsakligen bestir av granmarbuskar. Det antal sidana, som kvar-
ldamnas vid hyggesrensningar, paverkas synnerligen kraftigt av de vixlande
idéerna om dessas limpliga utférande. Det torde dédrfér snarast bora betraktas
som anmdirkningsvirt, att bestdndsféryngringen likvdl visar ett relativt
starkt samband med héjden 6ver havet och vegetationstypen. Féljande funk-
tion erhélls:

y=1,0420% + T,0153 ] .. ..., (6)

De oberoende variablerna ha nedan angiven betydelse.

H\2
ay=e 7" (ﬁ)
I = typindex, som skall ingd med foljande virden, ndmligen for:
(L -och LF = — 0,9340, endast ett fatal ytor).
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Ff och F, = — 0,0712.
FSf och FS, = - 0,1225.
S;och S, = + 0,6502.

Funktionen x, finnes tabulerad for olika virden pd H i tab. 12.
I funktion (6) ha konstanterna féljande medelfel.

Konstant ‘ Medelfel D:oi %
I,9429 0,0963 4,96
I,0153 0,3536 34,83

Den ursprungliga spridningen i y utgjorde s, = 3,329 plantor per yta.
Den har genom korrelationen nedbragts till S, = 2,872 eller till 86,25 % av s,.
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Fig. 27. Bestandsforyngring av barrtriddsplantor. Sambandet med hojden 6ver havet
for frisk mark (I = —o0,0712).

Stand regeneration of coniferous plants. Correlation between number of plants and height above
sea level for healthy ground (I = — 0.0712).

Den multipla korrelationskoefficienten har virdet o.519. Stérre delen av
spridningsminskningen — nira go %, — férorsakas av variablen x,, d. v. s.
héjden 6ver havet. Funktionens medelfel f6r virdet H =300 m och [ =
—o0,0712 dr ¢; = 0,0515 och det relativa medelfelet a//f = 0,0578, d. v. s.
5,78 % av funktionsvirdet.

Fore funktion (6) framstilldes utan hinsyn till vegetationstypen funktio-

nen y = I,909 6—0'078(%)2, varvid konstanten —o0,078 erholls genom nu-
merisk utjimning av det i grupper indelade materialet. Genom derivering
av funktionen s6ktes, pa sitt 4 sid. 27 angivits, férbattringar av de bada kon-
stanterna. Forbdttringarna blevo emellertid ungefdr av samma storlek som
sina medelfel. Genom att berdkna varden fér bade den ursprungliga och den
forbittrade funktionen befanns skillnaden mellan dem endast uppga till
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delar av en tiondels planta per yta. Det kunde dirfér icke anses l6nande att
rikna om korrelationen. _

Funktion (6) antyder, att héjden 6ver havet dr en variabel av allra
storsta betydelse dven for den foryngring, som uppkommer i bestdnden fore
dessas avverkning. Givetvis kunna hyggesrensningarna ha verkat olika pa
olika hé6jd 6ver havet, beroende pa hur i skilda ldgen synpunkterna pa mar-
buskarnas kvalitet och &nskan att tillvarata dem som féryngring blivit sam-
manjdmkade. Likvil forefaller det anméirkningsvirt, att nyféryngringens
och bestindsféryngringens (fig. 27) partialsamband med héjden 6ver havet
dro si likartade, som de visat sig vara.

Aven i friga om vegetationstyperna ir likheten mellan bestdndsfér-
yngring och nyforyngring pafallande. Salunda ligga typerna L och LF ligst,
nirmast 6ver komma typerna I, och F,, sedan de halvfuktiga typerna FS;
och FS, samt slutligen de fuktiga typerna S; och S,, som ligga hogst. I mot-
sats till vad fallet var vid nyféryngringen, har i frdga om bestandsféryng-
ringen grupperna F'S, 4- F'S, och S, 4 S, blivit skilda &t. Eftersom gingen i
indexvirdena emellertid eljest &dr lika, synes det icke omdjligt, att hir en
biologisk och hyggesrensningsteknisk realitet avspeglas. Det kan for 6vrigt
anmdrkas, att dven for nyforyngring typerna S; och S, ldgo hogre 4n typerna
FS, och FS,, ehuru ej si mycket att hinsyn kunde tagas till den osikra
skillnaden. Av intresse dr vidare att uppmirksamma, att ortfattiga och
Ortrika vegetationstyper hir lika litet som i friga om nyféryngringen ha
kunnat skiljas &t.

I tab. 14 aterfinnas uppgifter om antalet bestdndsféryngringsplantor pa
frisk mark i olika hdojdlagen.

Nyforyngring av bjorkplantor

Vid bearbetningen av bjérkens nyféryngring visade sig migra provytor
innehalla ett oerhért stort antal vanligen sma, ndgra fa &r gamla bjérkplantor.
I en del fall funnos férhallanden antecknade, som kunde férklara detta, si-
som exempelvis att provytan innefattade en géngstig eller fistig, en gammal
brasplats etc. D4 férrdttningsmannen vid féltarbetet icke kunde férutse be-
hovet att efterforska dylika férhéllanden, kan dock i méanga fall ingen sirskild
orsak till det hoga plantantalet anges. Emellertid var det nédvindigt att av-
ligsna de plantrikaste provytorna, vilkas stérande inverkan oméjliggjorde
alla bearbetningsférsok. Dirvid bortgallrades provytor med 50 bjorkplantor
eller mer, sammanlagt 110 st. ytor. Dessa ytor ingd ej heller i 6vriga hdr fram-
lagda bearbetningar.

Foljande funktion erhélls for nyforyngring av bjork:
Y = %5(3,6061 4 3,7314°1) ... i, *)
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De oberoende variablerna ha nedan angiven betydelse.

A odld)

X =— — € 10
57 10

I = typindex, som skall ingd med f6ljande virden, ndmligen f6r:
(L och LF = — 1,0000, endast ett fatal ytor).

Ff och F, = —0,2488.

FES,; och FS, = + 0,8333.

S; och S, = + 1,5114.

Funktionen #x; finnes tabulerad for olika virden pa A4 i tab. 13.

I funktion (7) ha konstanterna f6ljande medelfel.

Konstant Medelfel Do i 9,
3,6061 0,1920 5,32
3,7314 0,3983 10,67

Den ursprungliga spridningen i y utgjorde s, = 13,84 plantor per yta.
Den har genom korrelationen nedbragts till S, = 12,06 eller till 87,14 % av s,.
Den multipla korrelationskoefficienten har virdet o,505. Stérre delen av
spridningsminskningen férorsakas av vegetationstypsindex, som svarar for
80 9% dédrav. Funktionens relativa medelfel o,/f dr oberoende av x; och &r
fér vegetationstyperna:

F;, och F, =89
FS; och FS, =6 %
S;och S, =7%

o,

4
Genom derivering av den ursprungliga funktionen y = 3,56 o ¢ ”*10 har

forbattring sokts av det efter numerisk utjimning erhdllna konstantvirdet
—o0,2. Forbdttringen blev mindre dn hélften av sitt medelfel. Med hinsyn till
de stora spridningarna och den dirav férorsakade osikerheten om kurvans
form kunde dirfér skil ej anses foreligga att rikna om korrelationen.

Funktion (7) synes antyda, att hyggesildern och markvegetations-
typen dro de vid bjorkens nyféryngring dominerande variablerna. Ordnade
efter sitt inflytande pa antalet bjérkplantor vid given hyggesalder dterkomma
vegetationstyperna i samma f6ljd och i samma gruppering som i friga om
nyfoéryngring och bestdndsféryngring av barrtridsplantor. Héirigenom vinnes
ett starkt stod for forestdllningen, att vegetationstypsindex &dterspeglar en
biologisk realitet.

Under arbetet med materialet syntes ett svagt samband mellan héjden
6ver havet och bjérkforyngringen kunna sparas. Det var emellertid alltfér
osikert for att kunna utnyttjas i korrelationen, som genom medtagande av
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hoéjden 6ver havet ej forbattrades. Liknande var forhédllandet med antalet
bjorkfrotrad. Har foérefoll sambandet vara starkare och ménga f6rsok
gjordes att inrycka frétrddsvariabeln i korrelationen. Genom den dirvid
uppstdende forlusten av frihetsgrader blev resultatet emellertid i regel for-
simrat, d. v. s. S ) blev stérre med dn utan frétradsvariabeln. En forhallande-
vis obekvim funktion gav dock, utan hinsyn till vegetationstyp, en sinkning
av S, till 97,2 % mot 97,5 % fér den ovan anvinda funktion, som endast
inneholl aldersvariabeln. Denna obetydliga forbittring ansigs emellertid ej
uppviga de med funktionen férenade oldgenheterna. — Det bér pépekas,
att den ringa spridningsnedsdttningen till storsta delen foérklaras av den nistan
fullstindiga franvaron av bjérkplantor pa ett fatal gamla hyggen, vilka man
skulle ha vintat sig vara rikt bjérkféryngrade.

I tab. 15 aterfinnas uppgifter om antalet nyféryngringsplantor av bjork
pa friska, halvfuktiga och fuktiga marktyper vid olika hyggesalder.

Bestandsforyngring av bjirkplantor
Bjorkplantor som &ro dldre d4n hygget upptrdda endast sparsamt i mate-
rialet. De svaga samband med hoéjden &ver havet och hyggesaldern, som
kunde misstidnkas foreligga, visade sig ej kunna bestyrkas vid bearbetningen.
Endast vegetationstypens inverkan pa plantantalet syntes slutligen na-
gorlunda sidkerstélld. Vegetationstypernas ordningsféljd och gruppering ater-
kommer hir for fjdrde gdngen sasom framgar av f6ljande uppstéllning.

Vegetations- Me;ielan’cal fel N
v per plantor Medelfe Dioi %
yP per ha

(L och LF o — —)

F; och F, 118 25 21,1

FES,; och FS, 201 54 26,9

S; och S, 700 122 _ 17,5

Slutsatser av stérre betydelse torde knappast kunna dras av dessa siffror
med hinsyn till den inverkan, som olika former av hyggesrensning sannolikt
utévat pa desamma.

Aspplantor

Antalet aspplantor per yta synes med all sannolikhet stid i ett positivt
samband med hyggesdldern. Vid korrelation blev spridningsnedsittningen
dock alltfér ringa for att fortjina beaktas. Intet ndmnvirt inflytande kunde
spéras av héjden 6ver havet. Sammanstillda fér de olika vegetations-
typerna blevo de genomsnittliga plantantalen per ha féljande.
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Vegetations- Antal plantor Medelfel

typ per ha Dio i %
- F, » 844 187 22,1
F, ) I234 248 20,1
LS, 146 83 56,8
FS, 438 140 32,0
S; 0 — —
S, 633 581 91,8

Sammanstdllningen visar, att plantantalet f6r en del vegetationstyper ir
mycket osikert faststdllt, liksom dven skillnaden mellan de flesta av dem.
Den skillnad, som synes framtrdda mellan 6rtfattiga och 6rtrika vegeta-
tionstyper till de senares fordel, 4r ocksd den insignifikativ.

Alplantor

Antalet alplantor per ha torde méjligen i ndgon man avtaga med héjden
6ver havet. Korrelationerna ledde dock icke till anvdndbara resultat. I
nedanstaende sammanstéllning anges plantantalet per ha i de olika vegeta-
tionstyperna.

Vegetations- Antal plantor

typ per ha Medelfel Dioi %
F, 16 II. 68,8
F, 276 91 33,0

ES; 32 - 23 71,9

FS, 309 115 37,2
S; 244 91 37,3

S 130 145 II1,5

Trots de stora medelfelen torde likvil hir tendensen till stérre plantantal
pa ortrika dn pa ortfattiga marker delvis vara tecken pi en verklig skill-
nad. Sdlunda &4r differensen mellan F, och F, = 260* 4- 92 samt mellan
FS, och FS; = 277* 4 117 bada signifikativa. Skillnaden mellan S, och S,
gar emellertid i motsatt riktning, vilket dock kan férklaras av det ringa an-
talet ytor i typen S, (endast 23 st.).

Sdlgplantor

Medelantalet sdlgplantor per ha visar endast obetydliga skillnader inom
olika vegetationstyper och dr i medeltal fér hela materialet 117 st. per ha.
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Rénnplantor

Forsok att finna en anvandbar korrelation mellan antalet rénnplantor samt
héjden 6ver havet och hyggesaldern ledde ej till godtagbara resultat.
Aven fér rénnplantorna anges dirfér medeltalen i de olika vegetationstyperna.

Vegetations- Antal plantor

typ per ha Medelfel Do i 9%
F, 3216 388 12,1
F, 9 241 857 93

ES, 2 144 4777 22,2

FS, 5 %700 I 002 ‘ 17,6
S; I 624 489 30,1
S, 3524 353 38,4

Betriaffande det dver lag anmirkningsvirt stora antalet rénnplantor rader
ingen tvekan om, att de Ortrika vegetationstyperna dro de 6rtfattiga
6verligsna. Skillnaden mellan medelantalet fér de férra och de senare &ar
8 266—3 004 = 5 262, vilken differens 4r starkt signifikativ. En tydlig ten-
dens till avtagande plantantal med tilltagande markfuktighet synes dven
framtrida bade i den 6rtfattiga och den ortrika serien. En del av de upptri-
dande skillnaderna, sisom exempelvis mellan F, och FS,, dro signifikativa,
andra diremot ej. Tillsammans tyda de olika differenserna genom sin lik-
artade ging i de bada typserierna med tdmligen stor sikerhet pa ett reellt
underlag.

V. Plantornas fordelning Over arealen

I friga om planteringar kunna vi pa forhand bilda oss en ungefirlig fore-
stillning om det sdtt, pd vilket plantorna std spridda 6ver arealen. Oavsett
vilket regelbundet f6rband som ma ha anvénts pd ett visst hygge, ha vi bland
annat ritt att vinta oss ungefir lika méinga plantor — eller itminstone
‘planteringsgropar — per arealenhet inom hyggets olika delar. Hur plantorna
fordela sig i en naturlig féryngring kunna vi didremot i allmédnhet icke sdga
nigot om utan att forst géra sirskilda undersékningar i f4lt. Plantornas fér-
delning paverkas hir av oregelbundenheten i frébesadningen och de olikartade
betingelser markytan erbjuder f6ér plantornas uppkomst och fortbestand.
Det kommer dirfér att bli var ndrmaste uppgift att underséka, hur dessa
forhallanden inverka pd plantférdelningen. Harfér erfordras att nagra teore-
- tiska underlag forst klarliggas.

4o Meddel. tran Statens skogsforskningsinstitut. Band 38:9.
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Teoretiska underlag

D4 en foryngring taxeras med provytor, erhalles fér varje provyta uppgift
om antalet plantor. Efter att ha berdknat medelantalet plantor per yta och de
enskilda ytornas avvikelser frdn detta, kan ytornas spridning kring medel-
talet berdknas. Det erhédllna virdet, s, utgér den observerade spridningen.
Den dr en skattning av ett teoretiskt populationsvirde, vilket betecknas
med ¢. D4 spridningens kvadrat kallas varians, 4r den observerade variansen
= s2 = uppskattning av ¢2. Variansen visar sig bli avsevirt olika vid taxering
av olika atervixter, 4ven om medelantalet plantor per yta dr lika stort. I
lyckade planteringar blir variansen liten i férhallande till medelantalet plantor
per yta, som vi beteckna med m. Kvoten s2/m = Q2% understiger vanligen 1.
I naturliga féryngringar diremot blir kvoten Q? vanligen stérre 4n 1, ofta
avsevirt storre. D& det l4tt inses, att vid samma plantantal per ha variansen
maste bli mindre, om plantférdelningen dr jimn, 4n om den ir ojimn, d. v. s.
gruppstilld, synes Q% vara dgnat att ge vissa upplysningar om graden av
ojimnhet. S& dr ocksa fallet, om vi inskrdnka oss till att jimfoéra féryng-
ringar med samma plantantal per ha. Vi skola senare omndmna ett matt pa
gruppstdlldheten, som 4r fritt fran denna inskrdnkning.

L4t oss nu forestilla oss att pa ett hygge med naturlig féryngring en liten
provyta utligges. Inom ytan finna vi ett visst antal plantor. Det 4r tydligt,
att sannolikheten f6r att finna en planta pd provytan &r storre
pa ett plantrikt hygge 4n pa ett plantfattigt. Ett sddant begrepp som »sanno-
likheten for att finna en planta pd provytan» maste emellertid ges en grip-
bar inneboérd for att kunna vara till nytta. Vi kunna t. ex. tinka oss prov-
ytan uppdelad i smaflickar av samma storleksordning som snittytan hos ett
pa lingden kluvet fr6. Antag att » sidana smaytor inrymmas pa provytan.
Antalet smaytor blir tydligen mycket stort, om provytan omfattar en areal
av nagra kvadratmeter. Med anknytning till hasardspelsteorien kunna smi-
ytorna betraktas som »likaberdttigade fall», varav de smaytor, pa vilka en
planta vidxt upp, dro »gynnsammay, de dvriga »ogynnsammay fér intriffande
av »hindelsen en plantas. DA vi funnit t. ex. s, plantor pa provytan, kunna
vi som nidrmevirde pd sannolikheten for att finna en planta pa nagon bestimd
smiyta pd densamma sdtta p = m,[n. Sannolikheten p 4r ett mycket litet
tal dven pd de plantrikaste hyggen, men eftersom # &r ett stort tal, blir dock
produkten #p = m,, d.v.s. lika med antalet pA ytan funna plantor. Aven
-om sannolikhetstalet p vore konstant 6verallt inom hygget, kunna vi dock
€j vinta oss, att pa olika provytor finna exakt samma virde pa produkten
np. Provytan representerar endast en ringa del av hela hygget och av samma
skil som vi vid férsok med exempelvis 20 dragningar av kort ur en kortlek
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ej vid varje sddant férsok fa precis 5 h] drter, finna vi ej heller exakt lika ménga
plantor pa olika provytor.

Vi kunna icke mita p, utan vilja i stdllet undersdka, vart vissa enkla an-
taganden om denna storhet leda.

1. Konstant . Om p vore ett sannolikhetstal av t. ex. storleksordningen
0,1, skulle det vara mojligt att med binomialférdelningens hjilp berikna hur
manga av en taxerings totala antal provytor N, som innehalla resp. o, 1, 2
. .x plantor. For grinsfallet p = o, # = oo, varvid #np = m = medelantalet
plantor per yta, 6vergir binomialférdelningen till PorssoN-férdelningen, som
har den enkla formen:

vari p, betecknar sannolikheten f&r att vid en taxering erhalla en provyta
med «x st. plantor. Ytornas teoretiska varians dr

varfér medelplantantalet per yta alltsa utgor en skattning av den teoretiska
variansen. Kvoten Q? dr liktydig med kvoten mellan den observerade vari-
ansen och den teoretiska varians, som skulle uppstd till {6]jd av antagandet p
= konstant. I en PoissoN-férdelning béra tydligen olika taxeringar ge Q2-
virden i ndrheten av I.

Funktionen (8) aterger den plantfordelmng, som skulle uppkomma, om
sannolikheten f6r att finna en planta Gverallt vore lika stor, vilket betyder
detsamma som att plantorna sta alldeles slumpvis férdelade 6ver
arealen. Den tilldrar sig dirfér stort teoretiskt intresse. For att berikna
den slumpvisa plantférdelningen erfordras endast kdnnedom om . Funk-
tionen $, finnes tabulerad i olika matematisk-statistiska handbdcker. Bilder
av funktionen &terfinnas t. ex. hos ENEROTH (1945).

2. Variationen i sannolikheten $ bestims av att plantorna
sta ordnade pa ett visst sdtt 6ver arealen, sisom t. ex. vid en
plantering i regelbundet férband. Om man pa méafi placerar ut en cirkelprov-
yta pa ett sidant hygge, kan antalet smaytor med sannolikheten p = 1, d. v.s.
antalet plantor inom cirkelytan, variera endast beroende pa olika lige hos
cirkelytan i férhallande till det regelbundna férbandet. Den slumpvisa varia-
tionen har nu satts ur spel och vi fa (jfr formel 11 nedan):

For cirkelytor med 1,4 m radie och olika i praktiken férekommande plante-
ringsférband blir 02 < o3 och fsljaktligen ocksd Q2 < 1.
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3. p varierar inom hyggets olika delar, men 4r konstant
inom varje enskild provyta. I detta fall finnas ett genomsnittsvirde
p = p, gillande fér hela hygget. For varje provyta har p olika, men inom
ytan konstanta, vérden och liksom ovan beteckna vi variansen f6r p med aj.
Plantantalets varians blir under dessa férutsdttningar:

0} = o} + (n*—n)a}.

Eftersom # dr ett stort tal, kan (#2>—n) approximativt sittas = #2 och vi fa

dérefter: '

Variansen &r féljaktligen storre dn vid den slumpvisa férdelningen och Q2
= (0} + n?s})/o} ar stérre dn 1. Eftersom vi veta, att i naturliga foryng-
ringar Q? faktiskt 4r stérre dn 1, forefaller det vara en rimlig hypotes, att ett
pa ndgot sdtt fran provyta till provyta varierande p dr orsaken hirtill. Den
vid en viss taxering beriknade variansen s* dr i sd fall en skattning av o%,
och vi finna alltsd pa denna vig en rimlig férklaring till det empiriska faktum,
att kvoten ‘

Q*= ;—i ............................. (12)

4tminstone for dtervixter med samma s, dr ett uttryck fér graden av ojimn-
het.

Emellertid kunna vi approximativt skriva s? = ¢} + #2%?2, d. v. s. den
observerade variansen sammansittes av en del, som ar karakteristisk f6r den
rent slumpmissiga variationen vid konstant p och en annan del — n%s; —,
som fororsakas av de pd grund av det varierande p-virdet uppkomna stér-
ningarna i den slumpmdssiga férdelningen. Vi ha férut nimnt, att Q2 ir ett
matt pd plantférdelningens ojamnhet eller gruppstilldhet, ehuru det endast
kan anvindas for jimforelse mellan féryngringar med samma . Da man
nig?

o3

= n? o‘i /m, vilket, som erfarenheten visar, i stort genomsnitt vixer ungefir
proportionellt mot m. Eftersom stérningarna férorsakas av det vari-
erande p-virdet, béra deras genomsnittliga, relativa storlek kunna métas
av kvoten o,/p,, d. v. s. den varierande sannolikhetens spridning, dividerad
med sannolikhetens medelvirde. Ur (11) fi vi n%0} = o7 — o} och efter

division med n2p2:
2 2 2
2,452
?o Ly

kan skriva =1+ , se vi att Q* paverkas av forhallandet »* a5 Jog
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eller, di vi beteckna o,/p, med g, skriva s*i stillet fér g7 och observera, att
n%? = m? samt vidare enligt (12) sitta Q2 = s?/m:

0 —1

02 = p R EETTERPPRRREY SRS &)

Talet 100 ¢ betecknas av CHARLIER (1920) sdsom »stdrningskoefficientens.
Det &r ett rent tal, oberoende av m och utgér ett matt pa storleken av stor-
ningarna i férhallande till den slumpvisa plantférdelningen. I en sidan &r
Q% = 1 och foljaktligen p? = 0. I det foljande komma vi huvudsakligén att
anvinda storheten p, som, fér att undvika sammanblandning, hir kallas
ystérningeny. ‘

Da Q% ar mindre 4n 1, vilket refererar till fallet 2 ovan, kunna vi genom
overenskommelse skriva:

T — Q?

0= P LR EETERRRRRRY (14)

samt vid berdkning av stérningen

e e (15)

_ Q> —1
S \/ —
varvid plustecknet anvindes di Q?> 1 och minustecknet da Q2<C 1.

I en viktig avhandling har professor O. ENEROTH (1945) visat, att man ge-
nom ett enkelt antagande i friga om det sitt pd vilket sannolikheten p varie-
rar kan komma fram till en funktion, som med mycket god approximation
aterger de naturliga féryngringarnas plantfordelning. I fallet 3 antogs p vara
konstant inom varje provyta, i vilket fall sannolikhetsformeln (8) bor gilla.
Vi anta nu att NPy = iy, NPy = U, - . . aro de medelantal plantor, som skulle.
finnas pd de olika provytorna, om man kunde underséka ett odndligt antal
smiytor med de konstanta sannolikheterna ¢y, p,... Virdet np =y 4r nu
en variabel, som vi anta har en egen, av (8) oberoende frekvensfunktion. Om
dennas form kan man endast bilda sig en mycket ungefarlig forestillning. I
sitt nyssndmnda arbete visade ENEROTH, att den s. k. gammafordelningen?,
som har en frekvensfunktion, vars analytiska uttryck ritt mycket liknar ut-
trycket for sannolikheterna i (8), vil syntes limpa sig som frekvensfunktion
fér u-virdena. Genom detta val kunde ndmligen plantférdelningarna bade i
naturliga féryngringar och i sidder dterges med tillfredsstdllande noggrannhet.

Pd grundval av gammaférdelningen och PoissoN-férdelningen finna vi nu
sannolikheten f6r att i en naturlig f6ryngring erhalla en provyta med x plantor:

be m) f oyt £ “ du o (16)

1 Frekvensfunktion av typ III i PEARSON’s system.
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Denna frekvensfoérdelning betecknas vid de foljande skogliga tillimpning-
arna som ENEROTHS f6rdelning?.

Vid en verklig planttaxering finna vi ett medelplantantal =  och en va-
rians — s?. Konstanterna ¢ och 7 kunna bestimmas s, att (16) far detta me-
deltal och denna varians. Da skall:

¢ =1/ (@) ‘
r = mf(Q*—1)

Slutligen erhéllas f5ljande formler, med vilkas hjdlp man successivt kan be-
rikna frekvensen av ytor med o, I, 2. .. # plantor per yta.

@)
(3

)

w (P56
by =tbys- (m + (x——xég (Q* — x))

For att demonstrera att plantfordelningen uteslutande bestims av medel-
. plantantalet per yta och stérningen, kunna vi med hjilp av (13) skriva t. ex.

I

I o
we ()

Plantornas fordelning

Stérningen. For varje helt hygge har, utan hinsyn till vegetationstyp,
ett virde pd stérningen berdknats med avseende dels pd enbart barrtrids-
plantor, dels pa barrtrdds- och bjorkplantor gemensamt. I ‘text och figurer
anges det senare fallet f6r korthetens skull med beteckningen »barr + bjorkp.
Hyggena samlades i klasser med hénsyn till medelantal plantor per provyta
och i dessa klasser utriknades stérningarnas medelvirden. Resultatet for
barrtradsplantor dterges i fig. 28. Av denna framgir, att vixlingarna &dro

1) Funktionen har framstéillts och foér andra dndamal tidigare anvants av G.UDNY

YUuLE (1910, 1920) och andra (se ENEROTH, 1945). (16) kallas i statistisk litteratur
vden negativa binomialférdelningens.
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stora och att en svag tendens till sjunkande ¢ med stigande plantantal kan
skoénjas. Tendensen framtrader i funktionen:

= I,128T—0,026IM...cc0cvvunrnnans (x8a)
samt i den hirur berdknade tab. 16. For »barr + bjérk» blev resultatet av

motsvarande berdkning likartat. Stérningen var emellertid i detta fall ndgot
storre 6ver hela linjen.

L 1 1 - 1 1 Il 1 1 1 1 1 1 L 1 1 [l ]

0 2 & 6 8 10 12 14 16 18

Antal plantor per yta
Number of plants per plot

Fig. 28. Storningens samband med medelantalet plantor per provyta.
Correlation between perturbation and average number of plants per plot.

Medelvirdet av stérningen g blev fér:
barrtradsplantor..........oooiiiiilL = 41,052,
barrtrdds- och bjérkplantor ............. = +1,202.

Da man kunde misstdnka, att'de olika vegetationstyperna skulle uppvisa
olika storningsgrad, beriknades denna for alla enskilda vegetationstypsom-
raden, som inneho6llo minst 5 provytor. Variansen inom vegetationstyper
blev 0,3878 med 167 frihetsgrader och mellan vegetationstyper 0,1625 med
4 frihetsgrader, som ger negativ inom klasskorrelation och det insignifikativa
F-virdet 2,39. Ingen enskild differens mellan olika vegetationstypers medeltal
blev signifikativ. Foljaktligen har i detta material ingenting framkommit,
som kan ge anledning att rdkna med olika stérning inom de féretridda vegeta-
-tionstyperna.

‘Som av kap. IV framgatt skilja sig vissa vegetationstyper 4t med hinsyn
till plantantalet. Stérningen for ett helt hygge bér dirfér, om det innehaller
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vegetationstyper med olika typindex, bliva nagot stérre dn medeltalet av
stérningen inom vegetationstyper. Fér att underséka, huruvida skillnaden var
av visentlig betydelse, utférdes f6r »barr 4 bjérk» & 103 hyggen (alla utom
sista 4rets, som ej voro ftillgingliga vid tillfillet i friga) en berdkning av
storningsmedeltalet dels f6r hela hyggen, dels fér hela hyggen med endast en
vegetationstyp, dels slutligen inom vegetationstyper. Medeltalen blevo resp.
1,31, I,30 och 1,19. Skillnaderna gé i védntad riktning, men &ro ritt sma och
bedémda i forhéllande till de férekommande spridningarna insignifikativa.

Slutligen underscktes om férekomsten av olika antal frétrad paverkade stér-
ningen. Aven denna undersékning gav insignifikativa resultat. — P4 grund
av dessa understkningar ansdgs berdttigat att som skett berikna materi-
alets medelstérning ur stérningsvirdena for hela hyggen.

Utredningen har alltsa visat, att barrtrddsplantornas bendgenhet att grupp-
stilla sig 4r utomordentligt stor och ungefér lika pd alla i materialet féretradda
vegetationstyper. Beniigenheten fér gruppstillning haller sig visserligen i
huvudsak vid samma nivi under hela féryngringsprocessen, men ir dock
nigot stoérre pd unga, plantfattiga hyggen 4n pd dldre, plantrika sidana.
En tendens till minskad gruppighet pd mycket plantrika hyggen kan saledes
skonjas. Olika férekomst av frétrdd har ej medfért mérkbara skillnader i
ojdmnhet.

Gruppstélldheten blir starkare utprdglad da barrtrids- och bjérkplantor -
sammanriknas. Bjorken torde dédrfér i och fér sig ha dnnu stérre bendgenhet
for gruppstéllning &n barrtrdden.

Pa grund av det ringa antalet provytor inom varje hygge och vegeta-

tionstyp dro de enskilda stérningsvirdena mycket osikert bestimda. Det dr
darfér sannolikt, att man med stéd av storre material skulle kunna faststilla
skillnader och samband, som ej komma fram vid denna undersékning. Si-
lunda har t. ex. ENEROTH (1945) funnit olika nollyteprocenter vid samma
medeltal inom olika vegetationstyper, vilket tyder pé skillnader i stdrning.
Fragan om stdrningen och vegetationstyperna torde dédrfér béra nirmare
utforskas pd ett material, som bittre limpar sig for dndamalet dn det nu
foreliggande.
- Barrtrddsplantornas férdelning. Foér att fa till stind en jdmforelse
mellan observerade och enligt ENEROTHS f6rdelning berdknade plantfrekven-
ser har’ forfarits pa foljande sitt. Eftersom varje enskilt hygge innehéller
alltfér fa provytor, ha hyggena samlats i klasser efter medelantal plantor
per yta. Plantfrekvenserna sammanslogos inom dessa klasser till en gemen-
sam fordelning for varje klass. Ur klassernas frekvensférdelningar beriknades
m-viarden och Q%virden, varefter de teoretiska frekvenserna erhéllos ur form-
lerna (18). Exempel pa observerade och berdknade frekvensférdelningar visas
‘tab. 17.
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Av denna framgar, att Gverensstimmelsen i allmidnhet 4r god. Den svaga
tendensen till f6r stor berdknad frekvens i o-klassen (o plantor per yta) och
for liten i 1-klassen torde bero pa sammanslagningen av ett flertal olika fre-
kvensférdelningar med olika m och olika Q?2, vilket verkar i riktning mot en
dylik avvikelse. Den utomordentligt goda 6verensstimmelse mellan observe-
rade och berdknade o-klassfrekvenser, som funktionen ger pa stérre, enhetligt
material, framgar av ENEROTH (1945). Frekvensférdelningarnas stora varia-
tionsvidd 4r en f6ljd av den starka gruppstilldheten, varigenom dven pé
plantfattiga hyggen enstaka plantrika provytor konstant patriffas.

Plantférdelningarna synes dga ett betydande intresse, d& man s¢ker bilda
sig en forestdllning om de ifrdgavarande féryngringarnas struktur. De teore-
tiska férdelningarna enligt formlerna (18) 4ro relativt omstidndliga att berdkna.
Diarfér har i tab. 18 ENEROTHS funktion utriknats fér vissa medelantal
plantor per provyta (detta tal m multiplicerat med 1 624 ger motsvarande
plantantal per ha). Vid denna berdkning har st6érningen erhéllits ur formeln
(x8 a). ‘

VI. PlantmedelhGjden och dess utveckling

Plantmedelhdjden och dess utveckling med hyggesaldern 4r huvudsak-
ligen av intresse fér bestdmning av planthéjdens frekvensf6rdelningar, i
vilka den utgér en av parametrarna. Den kommer dirfér i korthet att behand-
las i detta kapitel. Planthéjdens samband med plantans &lder undersékes
ddremot icke. — Plantmedelhdjden hos en viss klass av plantor, t. ex. nyfér-
yngring av barrtradsplantor, pd en viss vegetationstyp har berdknats sisom
aritmetiska medeltalet av alla till klassen hérande plantors héjder, métta i
centimeter.

Nyforyngring av barrtridsplantor

P4 samma mark och vid samma hyggesdlder visade sig nyfdéryngringens
medelh&jd vara ungefir densamma inom olika hojdligen. Det tydliga sam-
bandet med hyggesdldern framstilldes i en funktion, som erhéll f6ljande form:

P § EAL
y =920 o + 5,47 To) rrrrreerereeeeees (19)
I funktion (1g) ha konstanterna féljande medelfel.
Konstant Medelfel Dioi %
9,20 2.84 30,82

547 1,33 24,27
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Spridningen nedsattes gehom korrelationen till 82,26 9, av det ursprungliga
virdet. 7 .

Intet inflytande av vegetationstypen kunde sikerstillas. — En bild av
funktionens gang genom materialets gruppmedeltal visas i fig. 29.
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Fig. 29. Medelhojdens utveckhng med hyggesaldern for nyféryngring av barrtrids-
plantor.

Correlation between average he1ght and years after cutting for new regeneration of coniferous plants
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Motsvarande funktion fér bestdndsféryngring erhéll formen:

A
y = 13,52 4 68,09 o crrrrerreeeseseeees (20)
Konstanterna ha f6ljande medelfel.
Konstant © Medelfel Dioi 9
13,52 7,11 © 52,58
68,09 4,64 6,81

Medelfelet pa konstanten 13,52 4r storre 4n 50 9% och den skulle dirfér
enligt hir tillimpade regler ha kasserats. Utjimningen férsimrades dock
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synbart genom utelimning av densamma. D4 férekomsten av en konstant
term i frdga om bestadndsféryngring torde vara principiellt riktig, har den
darfor bibehallits. Spridningen nedsattes genom korrelationen till 77,64 %
"av det ursprungliga virdet.

Medelh'djd, cm °
(verage Aeljﬁl, cm
200
X
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1 1 1 1 1 uj
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H)/ggeséHer‘, ar

Years atter [uz‘n'/z_q

Fig. 30. Medelhojdens utveckling med hyggesaldern fér bestindsféryngring av barr-
tridsplantor (jfr text till fig. 29).

Correlation between average height and years after cutting for stand regeneration of coniferous
plants (cf text fig. z29).

~ Intet inflytande av vegetationstypen kunde sdkerstillas. — En bild av
funktionens gang genom materialets. gruppmedeltal visas i fig. 3o.

Njfb’;yngrz’ng av bjorkplantor

Plantmedelhdjden visar hos nytillkomna bjérkplantor mycket stark varia-
tion och korrelationen med hyggesaldern blir dirfoér relativt svag. Till en del
torde bjérkens ojamna héjder forklaras ddrav, att nyféryngringen delvis
bestar av stubbskott med annan héjdutveckling dn fréplantor.

. Den framstillda funktionen fick féljande form:

A
y = 2568 - (T+060I) ... (21)
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varest vegetationstypsindex I bor ges féljande virden, ndmligen for:
L + LF + F; + FS; = —0,258z2,
F, 4 FS, + S/ + S, = +0,2604.

Konstanterna ha féljande medelfel.

Konstant Medelfel Dioi %
25,68 0,04 0,17
0,69 0.18 . 26,15
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Fig. 31. Medelh6jdens utveckling med hyggesaldern foér nyféryngring av bjoérkplantor
(jfr text till fig. 29).

_ Correlation between average height and years after cutting for new regeneration of birch plants
(cf text fig. 29).

Spridningen nedsattes genom korrelationen till 91,82 9, av det ursprungliga
viardet.
~ Vegetationstypen har ett tydligt och signifikativt inflytande pd bjorkfor-
yngringens héjd. Genomsnittligt hégre héjder antriffas salunda vid samma
hyggesalder pa alla ortrika vegetationstyper samt pd den starkt fuktiga,
ortfattiga typen S,.

En bild av funktionens gidng genom materialets gruppmedeltal visas i

fig. 3I.

Bestandsforyngring av bjorkplantor

For bestdndsféryngringen erholls f6ljande funktion f6r plantmedelhdjden:

Y= I57,97 L5 v (22)
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Konstanten har féljande medelfel.
Konstant Medelfel Doi %
157,97 3,54 2,24
Spridningen nedséttes genom korrelationen till 76,16 % av det ursprungliga
vardet.
Intet inflytande av vegetationstypen kunde sikerstéllas. — En bild av funk-
tionens ging genom materialets gruppmedeltal visas i fig. 32.
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Fig. 32. Medelhdjdens utveckling med hyggesaldern for bestandsféryngring av bjork-
plantor (jir text till fig. 29).

Correlation between average height and years.after cutting for stand regeneration of birch piants
(cf text fig. 29).

VII. Planthéjdens frekvensfordelning

Vid tilltagande hyggesdlder &kar spridningen i héjd, genom att de ildre
plantorna tillvixa och nya sméplantor tillkomma. Héjden utvecklar sig vi-
dare olika for olika tridslag, bland annat avviker bjérken nagot fran barr-
triden. Liknande skillnader rdda dven mellan nyféryngring och bestdnds-
féryngring. Fordelningen paverkas dirjamte av frotridsférekomsten och
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sannolikt, ehuru i mindre grad, av vegetationstypen och héjden éver havet.
Fragan om héjdens frekvensfordelning utgér pd grund av alla dessa inflytelser
ett i hg grad sammansatt problem, som fér en utférlig behandling skulle
kriva ett betydligt storre material dn det féreliggande.

Héjdférdelningarna skola i detta kapitel huvudsakligen tjina beskrivande
dndamal. De enskilda hyggena &ro darvid, liksom i friga om plantantalets
foérdelning, i regel alltfér sma enheter for att vara av storre virde. Hyggena
sammanféras dirfér i grupper pa sitt nedan visas. De sa framstéllda frekvens-
fordelningarna kdnneteckna grupperna med de medelvirden, som de olika
for férdelningen betydelsefulla variablerna enligt materialets sammansittning
ha inom desamma. Fér illustrationsindamal torde dessa férdelningar vara
tillrdckliga. Innan dessa fragor vidare avhandlas, skall emellertid férst héjd-
férdelningarnas storning beréras.

Stérningen. Av skil som nidrmare utvecklas i kapitel IX var det 6nsk-
virt att behandla héjdférdelningen pa ett med plantantalsférdelningen ana-
logt sitt. Darfor ha hojderna prickats i klasser om en halv meters vidd, var-
igenom héjdférdelningen omvandlas till en diskontinuerlig frekvensférdel-
ning av samma typ som plantantalets. Dirmed kan ocksé stérningen beriknas
for hojdens frekvensfordelningar. Det &r visserligen icke sidkert eller ens
sannolikt att detta tillvigagangssitt varit det bdsta, om fragan endast gillt
héjdfordelningen. Pa grund av den efterstrivade analogien med behandlingen
av plantantalet har det likvdl hir blivit anvint.

Stérningen i hojdférdelningarna har beriknats for varje enskilt hygge pa
samma sitt som vid antalsférdelningarna. Medelvirdet av st6rningen g blev
for:

barrtradsplantor. .......... ...l = 1,205,

barrtrdds- och bjérkplantor ............ L= +1,863.

Bjoérkplantorna bidra saledes kraftigt till den for atervixterna karakteris-
tiska ojimnheten i héjd. Aven fér barrtridsplantorna ensamt dr emellertid
stérningen synnerligen stark och tyder pa en avsevird avvikelse fran PoIsson-
fordelningen. Det férutskickas hidr att planthdjden prickad i halvmeters-
klasser timligen vil foljer denna fordelning, férutsatt att plantorna sisom
t. ex. i en plantering 4ro lika gamla och ej hindrats i sin héjdutveckling.
Den stora héjdstérningen torde dirfér visentligen bero pd de naturliga for-
yngringarnas olikildrighet och i vissa fall pd rubbningar i héjdtillvixten
(undertryckning), fororsakade av den starka gruppstéllningen.

D4 héjdstorningen och dess samband med olika faktorer icke ha direkt
betydelse for fortsdttningen, ldmna vi denna fraga och 6verga till frekvens-
fordelningarna.
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Planth6jdens férdelning i hyggesaldersgrupper. En relativt god
forestdllning om planthéjdens frekvensférdelningar torde kunna erhallas av
det i hyggesaldersgrupper sammanprickade ramaterialet. De aterges i tab. 19,
dels i absoluta, dels i relativa tal. Nyforyngring av bjérkplantor har dirvid
delats pa de tva vegetationstypsgrupper, som enligt kap. VI visat olika hojd-
utveckling. Bestandsforyngring av bjoérkplantor férekommer ej i si stor om-
fattning, att frekvensfordelningar kunna anges. Innan tab. 19 framstilldes,
unders6ktes de olika aldersgruppernas férdelningar inom olika héjdligen.
De iakttagna skillnaderna voro emellertid relativt smé, varfér plantorna i
samtliga hojdligen sammanprickades.

EnEROTHS funktion aterger mycket vil dven héjdens frekvensférdelningar
sisom framgdr av tab. 20, dir en jamférelse mellan materialets observerade
och de med funktionen berdknade, relativa frekvenserna for barrtriadsplantor
kan goras. Ett sirskilt Q%-virde har berdknats ur materialets frekvenser for
varje hyggesaldersgrupp. P4 grund av sammanprickningen av hyggen med
olika alder blir Q? visentligt stérre 4n genomsnittet f6r enskilda hyggen.
Inom ett sddant sprider sig planthdjden féljaktligen icke sa starkt som synes
framga av férdelningarna i tab. 19 och 20. Nagra exempel pa héjdfordel-
ningen inom enskilda hyggen skola nedan visas. Dessf6érinnan utnyttja vi
emellertid tab. 19 till en berdkning 6ver den ungefirliga procent av plant-
antalet, som i olika hyggeséildersgrupper kan beriknas befinna sig ovan
brosthéjd.

Procenttal plantor ovan brésth6jd. Genom att i tab. 19 successivt
addera klassfrekvenserna upprittades summakurvor fér nyféryngring resp.
bestandsfoéryngring av barrtradsplantor. Pa de f6r hand utjimnade kurvorna
avlistes procenttalet plantor med en héjd lika med eller 6verstigande 1,3 m.
Procenttalen utjimnades 6ver hyggesaldern och avlisning gjordes vid hela
femtal &r. Resultatet angives i tab. 21, som tillsammans med tab. 14 méjliggor
en grov orientering &ver antalet barrtridsplantor ovan brosthéjd for de
olika kombinationer av nyféryngring och bestindsféryngring, som erhillas
ur den senare tabellen. Salunda erhallas exempelvis for en hojd 6ver havet
= 200 m, 30 frotrdd per ha och 15 é&rs hyggesélder:

Nyféryngring................. 6451 - 0,028 = 181
Bestandsféryngring............ 2192 * 0,315 = 690
Summa 871

d. v. s. 871/(6431 + 2192) = 10,1 %, av totala plantantalet. Det bér obser-
veras, att detta procenttal dr approximativt, framfér allt emedan tab. 21
grundar sig pd de i tab. 19 fér femariga &ldersgrupper hopsummerade fre-
kvensférdelningarna. '
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Planthé6jdens férdelning inom enskilda hyggen. ENEROTH (1945,
fig. 10, 13—=20) har tidigare visat den utmirkta Sverensstimmelsen mellan
hans funktion och plantantalets observerade frekvenser i enskilda naturliga
féryngringar. Det torde vara av intresse att hir demonstrera motsvarande
Gverensstdmmelse betriffande planthojdens frekvensfordelning. Fér detta
dndamal ha 10 st. relativt plantrika hyggen utvalts och ENEROTHS funktion
anpassats till dessa med hjilp av varje hygges medeltal och stérning. Over-
ensstdimmelsen mellan observerade och beriknade frekvenser fér barrtrids-
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Fig. 33. Medeltal av héjdstérningen pa olika héjd dver havet. Barrtridsplantor.
Average perturbation of height at different altitudes. Coniferous plants.

plantor kan ndrmare studeras i tab. 22. Den 4r i allménhet utomordentligt
god sivdl for hyggen med liga medeltal som fér hyggen med utvalt hoga
sddana. v

Planthéjdens f6rdelning inom enskilda hyggen paverkas visentligt av
dtervixtens sammanséttning av nyféryngring och bestdndsféryngring, vilken
avsevirt dndras med héjden ver havet. For att erhdlla en uppfattning om
planthdjdens frdelning inom ett genomsnittligt hygge vid olika hygges-
alder och héjd 6ver havet ha fér barrtridsplantor f6ljande berdkningar
utforts.

Medeltal av de enskilda hyggenas hojdstérningar ha berdknats inom olika
hojdligen och sammanbundits med en kroklinje, fig. 33. Héjdstérningen
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Medelhsjd enligt klassindelning, klassenheter
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Fig. 34. Sambandet mellan plantmedelhéjd i cm och d:o i klassenheter. Barrtrads-
plantor.
Correlation between plant height in cm and in class units respectively. Coniferous plants.

sjunker med stigande hojd éver havet, vilket framfér allt beror pi4 den sam-
tidigt 6kande relativa andelen av bestandsféryngring i atervixterna. Be-
stdndsforyngringen enbart har ligre hojdstérning 4n nyforyngringen vid
samma hyggesalder, vilket férklarar kurvans ging.’

Dérefter utvaldes 30 st. plantrika hyggen med olika plantmedelhéjd. Den
verkliga i cm uppmitta medelh6jden avsattes i fig. 34 p& abskissan, medan
motsvarande medelhdjd enligt klassindelningen i halvmetersklasserna o, 1, 2

. 0. s. v. avsattes som ordinata. Efter grafisk utjimning erhélls silunda
den i fig. 34 angivna linjen. P4 denna kan for viss medelh6jd i cm den mot-
svarande medelhéjden i klassenheter avlisas. — Undersékningens huvud-
sakligen belysande syfte har i frdga om fig. 33 och 34 ej ansetts motivera den
arbetskrdvande numeriska utjimningsmetodiken.

Med hjidlp av funktionerna (19) och (20) kunna nu nyféryngringens resp.
bestdndsféryngringens medelhdjder vid olika hyggesaldrar berdknas. Ur tab.

5. Meddel. frin Statens skogsforskningsinstitut, Band 38:9.
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14 erhalles antalet plantor vid olika vidrden pa hyggesalder, hojd 6ver havet
och antal frétrad. Pa grund av dessa uppgifter kunna nyféryngringens och be-
standsféryngringens héjder sammanvigas till ett gemensamt medeltal for
varje ur tab. 14 utvald kombination av férutsdttningar. Ovannimnda berik-
~ ningar ha utférts f6r 30 frotrad per ha, 150, 250, 350 och 450 m 6. h. samt
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Fig. 35. Berdknat och observerat procenttal plantor under o,5 m héjd f6r hyggen av
olika &alder. Barrtradsplantor, 100—199 m 6. h.

Calculated and observed percentage of plants less than o.5 m in height for clear cuttings of diffe-
rent ages. Coniferous plants, 100—199 m above sea level.

hyggesaldrarna 10, 15, 20, 25 och 30 ar. De erhallna medelhdjderna fér barr-
tradsplantor omférdes frdn cm till klassenheter med hjilp av fig. 34. Virdet
pa hojdstorningen togs ur fig. 33. P4 grundval av de s erhallna uppgifterna
kunna hela frekvensférdelningarna beriknas medelst funktionen (18). Hir ha
emellertid berdkningarna inskrdnkts till frekvensen i o-klassen (planthéjd =
0—49 cm), som ir den storsta.

De beriknade o-klassfrekvenserna kunna jimféras med motsvarande fre-
kvenser f6r det i aldersgrupper sammanprickade materialet, uppdelat i hojd-
ldgesgrupperna 100—I19g, 200—299, 300—399 och 400— m 6. h. Dessa for-
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delningar dro naturligtvis icke representativa for exakt 150, 250 0. s. v. m
6. h., men torde likvil vara anvindbara for dndamalet. En mera betydelse-
full avvikelse torde vara att vinta pd grund av den skillnad i hdjdstérning,
som enligt vad férut ndmnts rdder mellan det i grupper sammanprickade
materialet och medeltalet for enskilda hyggen inom motsvarande grupper.
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ﬁ’egae/zg/ in the class O
0

/o
100 [

90 |
80 b % x

70 + \"\ X
60}
50 F x
40 |
30 b
20 |-
10

1 ! 1 ) { j

0 5 10 15 20 25 30
Hygpesalder, ar

Years after cutting

Fig. 36. Barrtridsplantor, 200—299 m 6. h. Se text till fig. 35.
Coniferous plants, z00—299 m above sea level. Cf. text fig. 35.

Den faktiskt forefintliga skillnaden framgér av f6ljande tabla, i vilken vi fér
tillfillet beteckna det med plantantalet vigda medelvirdet av de enskilda
hyggenas hdjdstérning med g,, och det likasd med plantantalet i olika
hyggesaldersgrupper vigda medelvirdet av h6jdstérningen inom detihygges-
aldersgrupper sammanprickade materialet med g,.

Hojdlage: 100—199 200—299 300—399 400— m 6. h.
0,, 1,5882 I,4625 I,1632 0,8528
0 I,7330  1,6273 1,4499 I,1905

0,/0m 1,09 I,11 I,25 I,40
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Av tabldns virden for g /g, framgar, att betydande avvikelser dro att
vinta i de hogre ligena mellan rimaterialets sammanprickade frekvensfor-
delning och den genomsnittliga fordelningen inom ett enskilt hygge. Hur
jamfcrelsen mellan procenttalen plantor i o-klassen utfaller kan nidrmare
studeras i fig. 35—38, som 4r denna detaljundersdknings slutresultat. Avvi-
kelserna dro tamligen obetydliga upp till 299 m 6. h. Skillnaden 4r didremot

Frekvens i klassen 0
/'Fegwe/zc_'}/ in the class O
8]

/o
100 -

90 |
80 -
70 b
60 t X
50 - X

40 +
30 b
20 b
10

I 1 ! | 1 J

0 5 10 15 20 25 30
Hygpesalder, ar

Years after cuz’zfz'fg

Fig. 37. Barrtridsplantor, 300—399 m 6. h. Se text till fig. 35.
Coniferous plants, 300—399 m above sea level. Cf. text fig. 35.

fullt tydlig i hojdliget 300—399 m &. h. och hogst betydande i hojdligen
ovan 400 m . h. Skillnaden gir i den riktning som pé teoretiska grunder
kan férutsigas och dess storlek 6verensstimmer vil med vad man har att
vinta enligt ovanstdende tabld. Endast fér hojdlaget 400 m och dérdver dr
skillnaden négot stérre dn vintat, vilket forklaras av att nyf6éryngringens
héjd i detta hojdlige 6verskattas av funktionen (19). Avvikelsen ir emellertid
ej si stor, att den ansetts motivera en sirskild korrektion.

De frekvensférdelningar, som pad ovan beskrivet sitt kan framstillas med
hjilp av tab. 14 eller motsvarande funktioner, funktionerna (1g) och (20)
samt fig. 33 och 34, avse att gilla ett enskilt, genomsnittligt hygge
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under de antagna forutsittningarna. Det torde vara av intresse att ytter-
ligare prova dessa pd langa omvigar erhdllna fordelningar. Detta kan ske
t. ex. genom att berdkna procenttalef plantor ovan brésthdjd och jamféra
detta med motsvarande procenttal enligt den pa enklare sitt framstillda
tab. 21. Vi finna for 15 ar, 30 fr6trid och 150 m 6. h. enligt den genomsnitt-
liga fordelningen for enskilda hyggen 8,5 9% av plantantalet ovan brdsthéjd.

Frekvens i klassen 0
ﬁvegue/zc:y in the class 0
0

/o
100

90 |
80
70 b
60 -
50 |
40
30 f
20 |-
10

1 1 1 1 i i

0 5 10 15 20 25 30
Hyggeséider, ar
Years atier cutz‘[/z_g

Fig. 38. Barrtridsplantor, 400— m 6. h. Se text till fig. 35.

Coniferous plants, 400— m above sea level. Cf. text fig. 35.

Motsvarande siffra enligt tab. 21 och tab. 14 4r 8,7 %. For 15 ar, 30 frétrad
och 450 m 6. h. erhalles siffran 21,0 9, att jimféra med 19,6 9, enligt tab.
21 och 14. Overensstimmelsen ir utomordentligt god. De sistnimnda tabel-
lerna synas dirfér kunna anvindas till approximativa berdkningar dven
for enskilda hyggen. ,

VIII. Planttypens utveckling

Som tidigare angivits (sid. 12) ha plantorna indelats i klasser, huvudtyper
och undertyper samt &satts vixtlighetsindex. Samtliga dessa pa observatio-
ner grundade omdémen ha sammanfattats i det s. k. viktindex (sid. 18).
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Detta avser att ge ett uttryck at det virde, som plantan enligt de angivna
principerna for klass- och typindelningen m. m. kan anses ha sisom medlem
av atervixten. Vi skola i detta kapitel nirmare underséka storleken av vikt-
index och hur det utvecklar sig med stigande hyggesélder inom olika plant-

grupper.

Nyforyngring av barrtridsplantor

Viktindex vixlar f6r olika plantor inom samma hygge och vegetationstyp
frdn vérdet 1,0 till ndgot ldgsta virde, som dock i intet fall understiger
o,1. Spridningen dr féljaktligen alltid mycket stor och inga korrelationer
kunna tdnkas medféra synnerligen stark sinkning av densamma. I medel-
virdena f6ér de olika vegetationstypsenheterna framtrider likvil f6r nyfér-
yngring av barrtrddsplantor ett mycket klart samband med hyggesldern.
En korrelation med denna (varvid antalet plantor anvints som vikter) gav
féljande funktion till resultat:

) A4 A\?
4y = I,0000 — 0,0783 o -+ 0,0119 To) e (23)

A betyder som forut hyggesildern. Di mycket smi, unga plantor, t. ex.
groddplantor och nigra fa ar gamla plantor ej kunna ges annat viktindex dn
1,0, maste funktionen for A = o0 anta virdet y = 1,00. Vid korrelationen har
detta villkor medtagits.

I funktionen (23) ha konstanterna féljande medelfel.

Konstant Medelfel Dioi %
I,0000 0,0000 0,00

—0,0783 0,0090 11,45
0,0II9 0,0042 35,18

Den ursprungliga spridningen i y utgjorde s, = 0,354, som genom korrela-
tignen sdnkts till S, = 0,343 eller 96,89 %, av S,

Funktionens ging genom materialets gruppmedeltal visas i fig. 39. Som
ddrav framgér f6rsdmras planttypen oavbrutet med stigande hyggesalder.
Till icke ringa del torde detta vara en f6ljd av de dldsta plantornas utveckling
mot férvuxenhet, vidkronighet och grovgrenighet.

Bestandsforyngring av barriridsplantor

Motsvarande berikningar ha foér bestindsféryngringen givit foljande re-
sultat, varvid som naturligt dr intet villkor férekommit i normalekvationerna.

Y = 0,7590 4 0,0456 Do e (24)
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I funktion (24) ha konstanterna foljande medelfel.

- Konstant Medelfel Diooi %
0)7590 0,0162 2,13
0,0456 0,0104 22,78

Den ursprungliga spridningen S, har nedsatts till 0,298 eller 96,75 % av s,,.
Funktionens gang genom materialets gruppmedeltal kan ses i fig. 4o.

Viktindex
Z()e[y/Lz‘ (rdex
1.00
090
X
080
| | 1 | 1 ]
0 5 10 15 20 95 30

Hypgesalder, ar
Years atter cutting

Fig. 39. Nyféryngring av barrtridsplantor. Sambandet mellan viktindex och hygges-
alder.

New regeneration of coniferous plants. Correlation between weight index and years after cutting.
X .100—199 m &. h.; m altitude

+ = 200—299 m » » m »
0 = 300—399 m » » m »
A = 400— m » » m »

Denna visar att bestdndsféryngringens medeltyp i motsats till nyféryng-
ringens forbédttras med stigande hyggesalder. Detta synes pd det hela
taget vara naturligt, eftersom marbuskarna i genomsnitt torde se sdmst ut
génast efter huggningen, fér att sedan, i den man de komma i god véxt,
anta ett bdttre och mera normalt utseende.

Nyforyngring av bjirkplantor

Spridningen hos viktindex 4r hir s stor och oregelbunden, att ingen prévad
korrelation medfért nimnvard nedsittning dirav. En nagorlunda god an-
passning uppnds genom funktionen:

A A\z
y = I—o01274 L~ -+ 0,0257 <i—> ................. (25)
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Denna funktion anvindes i fortsittningen endast darfor, att den for 4 = o
ger viktindex = 1 och f6r hyggeséldrar 6ver 1o forloper i ndrheten av medel-
talet. Den gor siledes intet vald pd materialet, men uppfyller de formella
fordringar, som maste stéllas pd sambandet i friga. Liksom f6r nyféryngring
av barrtridsplantor férsimras &dven bjorkplantornes typ med stigande

Viktindex
é[/e[y/cz‘ index

1.00
0.90 - °
0.80 2 A
0.70

0.60 |

i | 1 1 | |

0 5 10 15 20 25 30
Hygppesélder, ar

Years alter cutting

Fig. 40. Bestandsforyngring av barrtridsplantor. Sambandet mellan viktindex och
hyggesalder. Jfr fig. 39.

Stand regeneration of coniferous plants. Correlation between weight index and years after cutting.
Cf. fig. 39.

hyggesélder. Forsimringen dr tydlig endast under de forsta 1o aren. Den
svaga forbittring av planttypen, som funktionen ger fér hyggesdldrar 6ver
25 ar, dr osdker och bor ej betraktas som bevisad.

Bestindsforyngring av bjorkplantor
Dessa forekomma endast sparsamt och visa intet sikert samband med

hyggesildern. En svag tendens till fallande viktindex med stigande hygges-
alder kan likvil skénjas, sisom framgar av funktionen:

A

Yy = 0,8261 — 0,0279 Do rrrrrrrreerereeeeees (26)



38:9 NATURLIG FORYNGRING I NORRLANDSK GRANSKOG 73

vari dock lutningskoefficienten dr osiker. P4 grundval av detta material kan
ddrfor intet uttalande géras om hur viktindex férindras med hyggesaldern.
I den man viktindex for bestdndsféryngring av bjérkplantor erfordras, bor
darfér medeltalet o,7867 anvdndas. Detta virde erhilles ur (26) genom att
sitta in 4 = 14,1.

Det ar emellertid mycket sannolikt att man pid ett stérre material skulle
kunna faststdlla indexvdrdets negativa utvecklingsriktning. Detta skulle
innebdra, att bestandsforyngring av bjork utvecklar sig till det simre med
stigande hyggesélder i motsats till bestdndsféryngring av barrtradsplantor —
huvudsakligen gran — vars genomsnittliga typ forbattras med tiden.

E3

Planttypens utveckling for de olika plantkategorierna askadliggéres i tab.
23, varest viktindex finnes utrdknat enligt funktionerna (23), (24) och (25)
for varje hyggesaldersar fran o till 30 ar. Det framgér av tabellen, att nyfor-
yngring av bjérkplantor genomgaende har en simre typ 4n nyféryngring av
barrtridsplantor samt att bestdndsféryngring av barrtradsplantor forst vid
hyggesaldrar 6ver 25 ar hunnit anta en med nyféryngringen jamférbar typ.

Yiterligare undersokningar av viktindex

For andamal, som narmare avhandlas i kap. IX, 4r det av intresse att veta,
huruvida viktindex inom samma hyggesaldersgrupp avsevirt férindras med
héjden 6ver havet eller med plantornas medelhéjd.

Den forsta frigan undersoktes genom berikning av medelvirden for vikt-
index i de olika hyggesaldersgrupperna 0—g, 10—I4 ar o. s. v. inom varje
hojdlige. Aldersgrupperna visade ungefir samma medelindex i
alla hojdldagen. Efter sammanslagning av alla aldersgrupper erhéllos de
medelindexvirden, som uppférts i tab. 24. Eftersom ett starkt samband
rader mellan héjden &ver havet och plantantalet per ha, torde man vara be-
rittigad till slutsatsen, att viktindex 4r oberoende av sivil héjden 6ver havet
som 1 stort sett dven av plantantalet per ha.

Planthéjdens inflytande pa viktindex underséktes genom berikning av
medelindexvirden i planthéjdsgrupperna 0—24, 25—49, 50—74 cm o. s. V.
Resultatet av undersékningen for hojdliget 200—299 m framgér av tab. 25,
vilken torde berittiga till slutsatsen, att viktindex praktiskt taget 4r obe-
roende av planth6jden. Den tendens, som synes framtrida f6r bestandsfér-
yngring av bjérkplantor, spelar i och for sig ingen roll och torde for ovrigt
pa grund av materialets ringa omfattning vara osiker.

Vegetationstypens eventuella inverkan pd viktindex har ej sirskilt under-
sokts.
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S.F.I:s saml., 1940.

Fig. 41. Skogsbete i en 1928 utford tallsadd. Nyby.

Cattle grazing in a pine seeding of 1928.

Betesskador

Som ndmnts pd sid. 15 antecknades betet sasom orsak till skador och de-
formeringar pad plantorna, si ofta skil hidrfor uppenbarligen syntes foreligga.
De gjorda observationerna &ro visserligen otillrickliga for ett riktigt omdoéme
om betets roll som skadeorsak i féryngringarna. Det torde nidmligen icke
vara mojligt, att av betesskadornas omfattning inom det kvarlevande plant-
bestindet dra sikra slutsatser om storleken av den skada, som betet kan
ha dstadkommit genom att férhindra uppkomsten av plantor. Ej heller kan
den gynnsamma roll, som kreaturen eventuellt spela genom att halla gris
och 16vsly nere, pa ritt sitt uppskattas. Ramaterialets siffror pa procenten
betesskadade plantor torde icke desto mindre vara av ett visst intresse. De
dro sidkerligen korrelerade med totalskadegérelsen och torde atminstone
kunna betraktas som en minimiuppskattning av denna.

I tab. 26 har procenttalet sisom betesskadade bokférda plantor uppférts,
fordelat pa hojdligen och hyggesaldersgrupper. Av tabellen kan utldsas,
att nyféryngring av barrtridsplantor skadats ungefir lika ofta som be-
stdndsforyngring, utom i héjdldget 100—199 m 6. h., dir skadefrekvenserna
pa nyféryngringen &r storre. For nyféryngringen synas skadorna kulminera
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S.F.I's saml., 1939.

Fig. 42. Foryngring fran &r 1914, forstérd av getbetning. Junsele.
Regeneration from 1914 destroyed through goat grazing.

vid en hyggesalder av mellan 10 och 20 ar inom de ldgre hojdldgena. I de hogre
framtrider kulminationen mindre tydligt.

Nyforyngring av bjérkplantor har skadats i avsevirt hogre grad &n nyfér-
yngring av barrtridsplantor. Medeltalen vid lika areal inom alla hyggesdldrar
dro inom de fyra hojdligena foljande:

Barrtr.pl. Bjorkpl.
100—I199 m 6. h............ 5,3 % 94 %
200—299 » » B u.i..ien.... 2,0 % 15,5 %
300—399 » » » ... 2,6 % 11,4 %

400— » D N i 1,3 % 8,3 %

Skadorna pa bjérkplantorna visa i de ligre hojdligena samma tendens
att kulminera mellan 10 och 20 ars hyggesalder, som kan iakttagas betrif-
fande barrtradsplantorna. Liksom f6r dessa blir kulminationen mindre tydlig

- inom hojdlaget 300—399 m 6. h. och har ovan 400 m 6. h. férskjutits mot de
hogsta hyggesaldrarna. — Bestandsforyngring av bjérkplantor férekommer
mycket sparsamt och siffrorna for denna plantkategori paverkas dédrfér syn-
nerligen starkt av rena tillfilligheter.

De slutsatser, som kunna dras av de framlagda siffrorna for barrtrdds-
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och bjorkplantor, dro av férut anférda skidl mycket begrinsade. De torde i
huvudsak inskrinka sig till féljande. Bjérkféryngringen dr avsevirt mera
betesskadad 4n barrskogsféryngringen, vilket vl till stor del beror pa att
bjorken dr mera begirlig fér kreaturen dn barrskogsplantorna. Ett flertal
hignadsforsék pd olika hyggen ha visat en férbluffande ¢kning av bjérk-
plantornas antal och tillvixt inom det fredade omrédet i jimférelse med det
betade hygget utanfor hdgnaden. ) :

Vidare torde man kunna anta, att betesskadornas frekvens i allminhet
sjunker med stigande héjd 6ver havet. Sannolikt sammanhinger detta med
minskat antal kreatur per arealenhet skogsmark i de hogre ligena. Tillfallig-
heter &stadkomma emellertid 14tt lokala avvikelser frdn denna allménna
tendens. Nirhet till stora byar, sirskilt sidana, ddr far och getter hallas,
medfoér bl. a. néstan alltid en kraftig 6kning av betesskadorna.

Av skadefrekvensens dndringar med hyggesildern synes det. vara mera
vanskligt att dra bestimda slutsatser. P4 de unga hyggena 4ro plantorna sma
och skadorna svira att iakttaga. Betesskadorna pd sméplantorna skilja sig
ocksa mindre fran andra skador dn vad fallet 4r pa nagot stérre plantor. Det
ir dirfér mojligt, att den laga betesskadefrekvensen i de yngre hyggesdldrarna
huvudsakligen 4r skenbar. Diremot kan det vara rimligt, att skadefrekvensen
minskar i de hogre aldrarna. De édldre hyggena torde i allminhet erbjuda
sdmre betesmdjligheter 4n de yngre, bland annat emedan atervéxterna i de
ligre hojdligena bérjat sluta sig pd de forra hyggena. Gamla betesskador
lika sméningom igen och nya uppkomma i minskad omfattning, dels av
nyssndmnda skil, dels ocksd emedan plantorna delvis vixa in i h6jder, dir de
undga skador.

Betridffande »6vriga tradslag» kunna féljande medeltal fér procenten betes-
skadade plantor vid lika areal inom de olika hyggesdldersklasserna anges:

Aspplantor............ 17,3%
Alplantor............. 5,0%
Silgplantor. . ......... 42,9%
Rénnplantor. . ....... 23,89

Siffrorna synas tyda pa att asp, sdlg och rénn i d4nnu hogre grad 4n bjérk
dro utsatta for skadegérelse genom betning.

IX. Om jimforelser mellan olika atervixter

Det har tidigare framhallits (sid. 23), att foryngringsresultatet réttvist
mites av markvirdet vid féryngringstidens bérjan och att detta darfor dr en
riktig grundval for jamforelser mellan olika atervixter i1 ett ekonomiskt
skogsbruk. A andra sidan ir det uppenbart, att var kinnedom om olika ater-
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viaxters framtida virdeproduktion i allmédnhet &dnnu &4r alltfér otillricklig
for ekonomiska jaimférelser av detta slag. Sirskilt giller detta naturliga for-
yngringar av den struktur och beskaffenhet, som det dr friga om i denna
uppsats. Sddana atervixter ha tidigare praktiskt taget aldrig forekommit i
Norrland. De dldre bestanden ha dir sa gott som undantagslost uppkommit
efter skogseld. Utan tvivel dr det darfér av vikt, att dessa atervixter pd grund
av deras siregna struktur och allméinna forekomst beaktas vid framtida pro-
duktionsundersékningar.

Béde med hidnsyn till svarigheterna vid ett ekonomiskt bedémande av
atervixterna och pd grund av den briadskande foéryngringssituationen i
Norrland synes det vara énskvirt att finna utvégar till ett s vitt mojligt
enkelt, ssmmanfattande omdéme om atminstone de viktigaste av en féryng-
rings manga olika egenskaper. Detta omdéme maéste naturligtvis grunda sig
pa iakttagelser i féryngringarna. I kap. IV—VIII ha en del av atervixternas
egenskaper behandlats. P4 denna framstillning béra vi i fortsdttningen
bygga, men den maste sammanfattas och koncentreras fér att kunna tjina de
praktiska syften vi nu skola avhandla.

Professor O. ENEROTH (1945) har tidigare varit inne pa liknande tanke-
giangar. Han nirmade sig problemet med utgdngspunkt frdn slutenhetsbe-
greppet. En féryngring har t. ex. slutenhetsgraden o,7, nir den vid en taxering
visar sig innehdlla 1,0—0,7 = 0,3 eller 30 9%, nollytor. Taxeringen bér dirvid
utféras med ytor av en viss storlek, som bestdims av vad ENEROTH bendmner
»pretentionsnivan». Sma provytor medfdra i en viss féryngring storre procent
nollytor dn stora, varfér 30 9, nollytor innebdr tdtare plantbestdnd vid taxe-
ring med sméd provytor dn med stora.

Vid den féreliggande undersékningen, vars huvudsyfte var den i kap. IV—
VIII utférda analysen av féryngringarnas struktur och beskaffenhet, mdaste
provytor av samma storlek anvindas. Intet skil kunde andragas fér en vari-
abel ytstorlek, dels emedan undersékningen syftade lingre 4n till enbart ett
slutenhetsmétt, dels emedan den ritta pretentionsnivin var och alltjamt ar
obekant for alla skiftande produktions- och avsittningsligen. Trots dessa
avsevirda skillnader i utgidngspunkt, om vilka fér 6vrigt ENEROTH och forf.
pa sin tid voro fullt 6verens, skall det nedan visas, att den f6r oss bada ge-
mensamma tankegidngen i visentliga delar kan fullf6ljas och utvecklas pa
grundval av det hdr framlagda materialet.

Foryngringspopulationens viktigaste egenskaper

Intet tvivel torde vil rdda om att plantantalet per hektar ir en av
de viktigaste egenskaperna att ta hidnsyn till vid bedémningen av en for-
yngring. Mdjligen kan det pastds, att pad 6vre och inre Norrlands tallmarker
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antalet plantor 6ver en viss héjdgrdns dr dnnu viktigare. Den frigan behdver
hir icke ndrmare dryftas. Ett 6nskemal i den riktningen kan fér 6vrigt litt,
och sdkert ocksd i princip riktigare, tillgodoses genom viktindex 4n genom
att helt utelimna en stor del av féryngringen. Det hogre plantbestandet re-
kryteras ju fran det ldgre, och detta bér ddrfér icke vara alldeles virdeldst.

En strukturegenskap av visentlig betydelse fér féryngringarnas beskaffen-
het 4r deras grad av gruppstédlldhet. Goda skil torde finnas f6r uppfatt-
ningen, att produktionsférloppet blir gynnsammare och virdeproduktionen
storre, om féryngringarna dro jimnt férdelade Gver arealen, 4n om de &4ro
ojimnt férdelade. Genom gallring kunna emellertid ojimna plantbestind
bibringas en avsevdrt jimnare férdelning. Gruppstilldhetens skogliga bety-
delse bér dirfor icke dverdrivas. '

En tredje egenskap av vikt dr féryngringarnas ojamnhet i h6jd. Aven
denna torde i regel ogynnsamt paverka produktionen. De férvixande vargar-
nas oférdelaktiga inverkan i bestdnden ir t. ex. vil bekant. Annu stérre skada
astadkommes, ndr ett glest, kvalitativt undermaligt &verbestind delvis
sluter sig och ddrigenom férhindrar stora méngder smérre plantor att gora sig
gillande i produktionsprocessen. ’

Slutligen spelar plantornas beskaffenhet en viktig roll fér produk-
tionens ekonomiska resultat. Daliga trdd maste avldgsnas vid de bestands-
vardande huggningarna, fér att bereda bittre utvecklingsmojligheter for de
goda. De daliga triden ge dirvid mindre utbyte 4n de skulle ha gjort, om de
varit fullgoda. Annu svérare férluster uppsta, om stérre delen av bestandets
producerande trdd dr av dalig beskaffenhet.

Ovanndmnda fyra egenskaper hos atervixterna skola vi i det féljande s6ka
sammanfatta i ett enda omdome. Detta bér vara objektivt och vil definierat
till sin innebdrd, samtidigt som det ur skoglig synpunkt si vitt méjligt bor
ansluta sig till de skilighetskrav, som enligt vir nuvarande uppfattning béra
stdllas pa foryngringar av olika slag. Det fir betraktas som sjdlvklart, att
omdomet i fraga fir karaktdren av en approximation, bl. a. emedan det
méste innehalla bidde kvantitativa och kvalitativa element.

Dessutom bor tilliggas, att vi avsiktligt utelimna den tid det tar att
uppna ett visst foryngringsresultat och att féljaktligen ocksa plantornas abso-
luta storlek ldimnas utan avseende. Ledning for bedémande av féryngringarnas
utvecklingsstadium kan erhallas ur hyggesildern, héjdkurvorna (kap. VI)
och planthéjdens frekvensférdelningar (kap. VII).

Korrektionsfaktorer for plantornas fordelning over arealen

Plantantalet per hektar eller per yta av viss storlek skulle vara fullt till-
fredsstdllande som grund fér en jamférelse mellan tva féryngringar, om plan-
torna stode férdelade 6ver arealen pd samma sdtt, om deras héjder
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S.F.I:s sam., I942.
Fig. 43. Grupp av plantor i naturlig féryngring. '

Cluster of plants in a natural regeneration.

vore foérdelade pi samma sitt och om deras beskaffenhet vore
lika. Man torde t. ex. knappast vilja géra nidgon invindning mot pastiendet,
att tva planteringar p4 samma mark, i samma férband, utan nollgropar och
med samma planttyp dro fullkomligt jimférbara. De dro i sjdlva verket
fullkomligt lika, om vi €] stricka vara fordringar pa likhet lingre &n till de
fyra egenskaper, som ndmndes i férra avdelningen. Om detta giller for dter-
vixter i regelbundet férband, géller det dven andra férdelningar, som defi-
nieras av en bestimd frekvensfunktion med lika parametrar i de bada jim-
férda fallen. '

Vi kunna emellertid ga ett steg lingre. Lit oss f6r 6gonblicket endast ta
plantantalet och dess férdelning 6ver arealen i betraktande — saledes utan
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inblandning av plantornas storlek i diskussionen. Om tva féryngringar iro
lika tédta, dd deras plantférdelningar ha medeltalet m och dven i Gvrigt
lika parametrar, torde ocksa nedanstiende definition férefalla naturlig.
Vi forutsdtta, att foryngringarna f6lja en given frekvensférdelning, som vi
kunna anta har hogst tvad parametrar. Den ena dr medeltalet #, den andra
kan uttryckas i ett obenimnt tal och ir alltsi oberoende av skalan.

Man synes di kunna sdga, att om tva féryngringar ha medel-
talen m resp. ¢-m, medan den &4terstiende parametern har
samma vidrde i bdda fallen, sa 4r den senare féryngringen ¢
gidnger sa tdt som den foérra, d. v. s. tdtheterna dro proportio-
nella mot:medeltalen. '

Sérskilt sjdlvklar forefaller denna definition, da féryngringarnas for-
delning beskrives av PoissoNs funktion, som endast har parametern .
Om nimligen en Porsson-férdelad féryngring med medeltalet e, erhiller
ett tillskott, si att medeltalet 6kar med beloppet m,, 4r dven summan
Porsson-férdelad med medeltalet (m;+m,). I friga om de ENEROTHS-fo1-
delade naturliga féryngringarna ar férhallandet likartat. Nar en dylik for-
yngring titnar, sker detta i genomsnitt pd ett sidant sitt (jfr. tab. 18),
att fordelningstypen bibehalles och parametern ¢ férblir ndrmelsevis
konstant. Med utgangspunkt hirifrdn kunna vi f6ljaktligen i enlighet med
definitionen betrakta tdtheterna vid konstant storning som proportionella
mot medeltalen.:

Tva ENEroTHS-fordelade foryngringar med samma medeltal dro siledes
lika téta, endast om deras stérningar dro lika. Om i den ena stérningen &dr
stérre 4n i den andra, dr den forstndmnda starkare gruppstilld d4n den sist-
nidmnda, vilket féranleder oss att betrakta denna sidsom ur skog-
lig synpunkt sdmre.

Tva fragor uppstilla sig nu for besvarande, ndmligen:

1. Vilken konkret innebérd skola vi i detta sammanhang ge 4t begreppen
béttre och sidmre?
2. Hur skall lampligen godhetsgraden métas?

1 Foljande kan hir anmirkas. Summan av tva oberoende, PoissoN-férdelade variab-
ler med medeltalen m: och m. dr Poisson-férdelad med medeltalet (m:-+m,). Summan
av tvd oberoende ENEROTHs-férdelade variabler med medeltalen m: och m, samt
storningen @ dr daremot icke ENERoOTHs-férdelad med medeltalet (m:-+m,) och stor-
ningen @. Detta &ar helt naturligt. Om vi betrakta formeln (16), representeras den
varierande sannolikheten p av uttrycket e-euur-I. Vid addition av tva oberoende va-
riabler komma p-virdena i den ena férdelningen att regellost sammantriffa med p-
vardena i den andra foérdelningen, varigenom en stark utjimning av p-virdenas varia-
tion uppstdr i summan. Stérningen fér summan blir alltsid ligre 4n fér vardera av
de summerade fordelningarna f6r sig. En summering av detta slag kan naturligtvis
icke forekomma i verkligheten. P4 hyggena forblir tvirtom markens sannolikhetsméns-
ter i det nirmaste konstant och utjimnas endast obetydligt och langsamt med sti-
gande hyggesalder. :
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- S.F.Is saml., 1942.
Fig. 44. Lucka i naturlig féryngring. ‘

Gap in a natural regeneration.

For att besvara den férsta frigan béra vi s6ka klargéra, vilka atgirder
som man ur skoglig synpunkt kan tidnkas féretaga for att battra ett daligt
tillstind. Eftersom problemet i sin helhet berér naturlig foryngring och dess
relativa godhetsgrad, har hjédlpkultur i luckor och liknande atgéirder princi-
piellt intet berittigande i sammanhanget. Det dterstir dd endast att genom
gallring upplésa de tita grupperna f6r att ddrigenom dstadkomma en jimnare
stamfordelning. Battre dr foljaktligen den féryngring, vars plantférdelning
péfordrar relativt mindre gallringsingrepp, simre 4n den, som pafordrar star-
kare sidant f6r uppndende av en viss jamnhetsgrad. ‘

Gallringsingreppets relativa styrka borde siledes kunna utnyttjas fér mét-
ning av foryngringarnas godhetsgrad. Gallringen kan emellertid i absolut

6. Meddel. frin Statens skogsforskmingsinstitut. Band 38:9.
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S.F.I:s saml., 1942.

Fig. 45. Lucka i naturlig f6ryngring.

Gap in a natural regeneration.

métt gbras hur stark som helst och plantfordelningen i det ndrmaste hur
jamn som helst. Ju fler plantor som gallras bort och ju jimnare plantférdel-
ningen till £51jd harav blir, desto mindre antal plantor blir kvar. Det &r dirfér
tydligt, att mycket ldngt drivna krav pd jimnhet kunna medféra, att bestan-
det blir glest och saledes med hénsyn till bAde jdémnhet och plantantal
av simre beskaffenhet dn det var fran borjan. Foljaktligen maste en grins
sdttas for gallringsingreppets styrka.

Uppldsningen av grupperna skall naturligtvis for nu aktuella jimférelsednda-
mal endast syfta till en utjamning av plantférdelningen, ej till uppnaende av
nagot visst 6nskvirt plantantal. Gallring dr siledes ur jamforelsesynpunkt
lika berdttigad i gruppstéllda, glesa féryngringar som i tdta. Gransen for ut-
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Fig. 46. Kartbild av en gruppstilld naturlig foryngnng

Map of a clustered natural regeneration.

jamningen synes med férdel kunna dras vid den grad av gruppstélldhet, som
icke kan undvikas ens pd marker av den mest idealiska jimnhet. Denna grupp-
stdlldhet: uppstar i slumpvis férdelade féryngringar, vilkas férdelning
alltsa foljer PoissoNs funktion (8). Sedan genom gallring gruppstilldheten, si
langt detta 4r mojligt, bragts i Gverensstimmelse med den Poisson-férdel-
ning, som har samma medeltal som den ursprungliga féryngringen, vilja
vi betrakta det kvarvarande plantantalet sisom en uppskattning av det for
o6vernormal gruppstilldhet korrigerade plantantalet i féryngringen.

I féljande stycke skall f6rst berdkningen av de erforderliga korrektionerna
behandlas, varefter dessas verkningssdtt ndrmare kommer att belysas.

Korrektionsfaktorer f6r plantornas ojdmna férdelning o6ver
arealen. I fig. 46 framstilles en fingerad kartbild av ett hygge med plantor.
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Hygget 4r indelat i 100 kvadratiska »sprovytor». Medelantalet plantor per
provyta dr m = 2,97, ¢ = 7,79, Q? = 2,62 och g = 0,739. I protokollform
ter sig plantférdelningen pa sitt, som framgar av tab. 27, i vilken, utom de
observerade frekvenserna, dven de enligt Poissons funktion beriknade an-
givits i heltalsvdrden. Dessutom ha differenser uppskrivits och slutligen de
efter grupputjimningen kvarvarande plantornas fordelning.

Av tabelluppstillningen framgar, att den observerade frekvensférdel-
ningen visar ett 6verskott av ytor med stora plantantal, underskott i nir-
heten av medeltalet samt ater 6verskott av ytor med laga plantantal, hir o
och 1. En omvandling av den observerade férdelningen i rikt-
ning mot en Poisson-férdelning kan tydligen ske genom utgles-
ningav de alltfér plantrika ytorna. Sdlunda kan den observerade ytan
med 11 plantor férvandlas till en yta med 6 plantor,i vilken klass som tabellen
visar ett underskott av 3 ytor finnes. Detta sker genom att 5 plantor bort-
huggas. Underskottet i klassen 6 minskar ddrigenom till 2, medan 6verskottet
i klassen 11 bortfaller. I klassen g avldgsnas 3 plantor per yta inom 2 ytor,
som ddrigenom férvandlas till ytor med 6 plantor. Underskottet i 6-klassen
forsvinner nu. P4 de tva iterstdende ytorna i g-klassen avldgsnas 5 plantor
per yta. Overskottet i g-klassen &r dérefter borta, och underskottet i 4-klassen
har minskat till 6. Sdlunda fortsdttes med 8- och 7-klasserna, vilkas dverskott
av ytor avligsnas genom utglesning till ytor med 4 plantor. Vi férutsitta,
‘av skil som senare beréras, att dessa utglesningar ske utan sirskilt val av
plantor.

Slutligen framkommer pa detta sitt en plantférdelning, som i klasserna
o och 1 visar ett dterstaende 6verskott av resp. 19 och 1 ytor samt i klasserna
2 och 3 ett dterstdende underskott av resp. 1o och 10 ytor. De kvarvarande
plantornas férdelning erhalles alltsd genom att addera de aterstaende diffe-
renserna med sina tecken till Poisson-fordelningens frekvenser, vilket skett i
sista kolumnen av tab. 27.

Medeltalet i den kvarvarande férdelningen utgér 2,48. Om decimaler med-
tagas i PoissoN-férdelningen och differenserna erhdlles mera exakt 2,48s50.
Det ursprungliga medeltalet var 2,97. Kvoten mellan de bada medeltalen
ir 2,4850/2,9700 = 0,8367. Det for Gvernormal gruppstélldhet korrigerade
plantantalet 4r alltsi 83,67 9, av det ursprungliga.

Ett mera praktiskt rikneschema &n det i tab. 27 angivna aterfinnes i tab.
28. Vid undersékningar av verkliga hyggen med ett litet antal ytor per hygge
hénder det ej sillan, att utjimningen av 6verskottsdifferenserna kan ske pa
mer dn ett sitt. Det sdtt har d& alltid anvints, som ger minsta
mojliga gallringsprocent. Detta uppnis genom anvindning av rikne-
schemat i tab. 28, vilket anvisats av fil. lic. B. MATERN. I tab. 28 framkom-
mer i sista kolumnen antalet utgallrade plantor med positivt tecken. D4 det
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ursprungliga plantantalet foére gallringen 4r 2,97 - 100 = 297, fi vi relativa
antalet kvarvarande plantor = (297—48,5)/297 = 0,8367 som férut.

Det pa nyss angivet sdtt berdknade relativtalet kallas i fort-
sidttningen arealfaktiorn och betecknas R,. Plantférdelningen hos
de kvarvarande plantorna kallas den normaliserade foérdel-
ningen.

Vi skola nu genom négra exempel pavisa, att denna férdelnings medeltal
kan betraktas som en approximativ uppskattning av det fér 6vernormal
gruppstdlldhet korrigerade plantantalet.

Frekvens %

ﬁegu ency %

30 b

20 C .

——n

] 1 1 1 1 ! ) I

0 1 2 3 4 5 & 7 8 9 10 11 12
Antal P|antor per yta
Number of plants per plot

Fig. 47. Tre normaliserade foryngringar med det ursprungliga medeltalet 3,0 och stér-
ningskvadraterna resp. I1.40, I.00 och o.6o.

‘Three normalized regenerations with original mean 3.0 and squares of perturbation 1.40, 1.00 and
0.60 respectively.

Genom normaliseringen uppstar en diskontinuerlig férdelning, som fran o
till en klass i ndrheten av medeltalet 6verensstimmer med den ursprungligas
EnEroTHS-férdelningen och dérefter med PoissoN-fordelningen. Om tva
EnEROTHS-fordelningar med samma medeltal och stérning normaliseras,
forbli de identiskt lika. Ar diremot stérningen i den ena storre 4n i den andra,
uppstd tva olika, normaliserade fordelningar. Olikheten yttrar sig emellertid
endast i den del, som féljer de ursprungliga ENEROTHS-férdelningarna.

En bild av den verkan normaliseringen har pi nigra olika frekvensférdel-
ningar visas i fig. 47. De tre férdelningarna ha framgétt ur ENErRoTHS-férdel-
ningar med medeltalet 3,0 och stdrningskvadraterna resp. 1,4, 1,0 och 0,6,
vilket intervall omspédnner nistan hela variationsvidden (jfr fig. 28). Fre-



kvenserna avvika mer eller mindre fran varandra inom klasserna:o—4, men
sammanfalla dérefter frdn och med 5 uppat. Medeltalen 4ro 2,22, 2,37 resp.
2,56, vilket visar, att férdelningen med den storsta stérningen efter norma-
lisering dr den glesaste och férdelningen med den minsta stérningen den ti-
taste. Stérningskvadraten i de normaliserade férdelningarna dr g% = o,s50,
0,37 och 0,23 mot de ursprungliga I,40, I,00 och 0,60. Stérningskvadraten
har siledes nedgatt hégst avsevirt,-vilket visar att férdelningarna betydligt
ndrmat sig motsvarande Poisson-férdelningar.

Enligt vad i féregdende avdelning sagts skulle féryngringarnas tathet
vara proportionell mot medeltalen, om férdelningarna hade samma form.

FFEI(VenS
/[/-’E'gdf/ZCy
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1 ! 1 ]
6 1 2 3 4 5 6 7 8 9 10 11 12
Antal plantor per yta

Number oF /olcznz‘f per /o/oz‘

Fig. 48. Tre normaliserade férdelningar med approximativt samma medeltal men med de
ursprungliga stérningskvadraterna resp. 1.4, 1.0 och. o.6.

Three normalized distributions with approximately equal means but original squares of pertur-
bation = 1.4, 1.0 and 0.6 respectively.

Uppenbarligen 4r detta icke fallet betrdffande dessa tre normaliserade férdel-
ningar. En uppfattning om skillnaderna mellan dem kan erhillas av fig. 48.
Den intermedidra kurvan &r hir den normaliserade frekvensférdelningen med
medeltalet 2,37 och stérningskvadraten 0,37, vilket framgétt ur den ursprung-
liga foryngringen med medeltalet 3,00 och stérningskvadraten 1,0. De bada
andra kurvorna ha erhallits pa f6ljande sitt. Genom forsok har utrénts, att en
foryngring med p? = 0,6 och ett ursprungligt medeltal av omkring 2,7 efter
normalisering erhéller ett medeltal av nidrmelsevis samma storlek som i den
forstndmnda fordelningen eller m = 2,33. For o? = 1,4 ger ett ursprungligt
medeltal av 3,2 efter normalisering av foérdelningen medeltalet 2,34. De bada
kurvorna ha beriknats med utgingspunkt frin dessa virden pa medeltal och
storning. De tre i fig. 48 avbildade frekvenskurvorna ha sledes i det ndrmaste
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samma medeltal och skillnaderna mellan dem ge dirfér uttryck 4t den i de
normaliserade férdelningarna kvarvarande olikhet, som beror enbart pa skill-
nader i stérning. ’ :

Fig. 48 visar, att fordelningarna ha ett i huvuddragen likartat férlopp.
Skillnader kvarsts emellertid. Det 4r av vikt att soka komma till en s& klar
och gripbar férestillning som méjligt om vad dessa skillnader kunna ha att
betyda fér omdémet om en féryngring. Fig. 48 dgnar sig icke vil hirfor. I
stdllet ha kartbilder av de teoretiska férdelningarna framstillts med hjilp
av tabeller ¢ver »random numbers». Platserna foér kvadratiska ytor med o,
I,2..... plantor ha forst bestimts med ledning av tva tabellsiffror, angi-
vande ytornas koordinater i ett rédtvinkligt koordinatsystem. Dérefter har
inom varje yta pa samma sitt plantornas plats bestdmts. Av kartbilderna I,
IT och III i fig. 49 framgdr, hur de tre ursprungliga féryngringarna se ut och
av bilderna IV, V och VI hur de motsvarande normaliserade féryngringarna
te sig.

Gruppstéllningen i de ursprungliga féryngringarna I—III dr péfallande.
Efter normalisering i IV—VI framtrider den dédremot starkt férsvagad. Upp-
skattningen av det fér &vernormal gruppstdlldhet korrigerade plantantalet
som produkten av arealfaktorn och det ursprungliga plantantalet per hektar
innebdr i detta exempel, att féryngringarna IV—VI ur f6érdelningssynpunkt
betraktas som i grova drag likvirda. I sjdlva verket torde de ocksa med
mycket god approximation kunna jidmstillas. En omsorgsfull granskning av
bilderna IV—VI visar visserligen, att gruppstéllningen 4r ndgot mindre
utpriglad i IV 4n i VI, vilket ocksd med hidnsyn till g2-virdena 0,23 resp.
0,50 bor vara fallet. Skillnaden synes emellertid vara si ringa, att den fér
ifrdgavarande jamforelseindamdl kan férsummas (jfr dven diskussion & sid.
78). Dérigenom bli starkt gruppstdllda féryngringar ndgot mindre och svagt
gruppstillda ndgot mera nedklassade dn som vore skiligt i férhallande till en
medelstarkt gruppstilld féryngring.

Vi komma saledes till f6ljande slutsats. Om plantantalet per
hektar i en naturlig féryngring betecknas med N, erhédlles med
god approximation det f6r 6vernormal gruppstdlldhet korrige-
rade plantantalet sisom produkten:

R,-N

Slutenhetsgrad och slutenhetsform. Vad i féregidende stycke an-
forts kan latt anknytas till de kinda begreppen slutenhetsgrad och slutenhets-
form i den mening dessa begrepp fi, dd de avse plantantal och arealférdel-
ning. Arealfaktorn paverkas, som senare skall visas, ndstan enbart av féryng-
ringens storre eller mindre grad av gruppstalldhet. R, - N kan dédrfér betraktas
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som det f6r slutenhetsform korrigerade plantantalet. Om vi kunna faststilla
vilket plantantal N’, som foér ett visst virde R’, pa arealfaktorn bér anses
motsvara féryngring av fullgod tdthet och fordelning, si mites den for slu-
tenhetsform korrigerade slutenhetsgraden av:

s=R,N/R',-N'

Arealfaktorn enligt materialet. Arealfaktorn, med hinsyn tagen en-
dast till barrtrddsplantor, har utriknats enligt schemat tab. 28 f6r varje en-
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Fig. 50. Arealfaktorns samband med medelantalet plantor per yta.

Correlation between area factor and average number of plants per plot.

skilt hygge. Berdkningarna visade varierande, men for olika hyggesgrupper
mycket lika, medelvirden. Medeltalen i grupper efter plantantal per yta
ligga, som av fig. 50 framgdr, i stort sett pi samma niva {6r alla grupper. I
sjilva verket kan man emellertid spara ett mycket svagt, nagot bagbdjt
samband mellan R, och , vilket f6r 6vrigt nidra dverensstimmer med det,
som enligt nedan nidmnda teoretiska utredning ir att vinta (jfr fig. 52).
‘Sambandet synes f6r praktiska dndamil kunna limnas utan avseende.
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Materialet visar alltsd, att arealfaktorn vidxlar frdn hygge till
hygge, men att den har ett ndrmelsevis konstant medelvirde.
Detta medelvirde ar:

R, = 0,790.

Under férutsdttning att ENEROTHS funktion giller fér plantférdelningarna
och att antalet ytor dr mycket stort kan arealfaktorns teoretiska virde be-
riknas antingen direkt ur formlerna for ENERoOTHS funktion och Porsson-
funktionen eller — f6r vissa m-virden — ur tab. 18. Resultaten bli lika bort-
sett fran avrundningsfel pa fjarde decimalen. Sadlunda fis det teoretiska
vardet pd R, for:

m=1, R, = 0,83
m =4, R, = 0,77
m =38, R, = 0,82

med medeltalet 0,81, vilket med mindre 4n 0,02 §verstiger motsvarande
virde for det utjimnade materialet. Den positiva skillnaden torde férklaras
dédrav, att hyggena endast innehélla vardera ca 25 provytor. Som papekats
av fil. lic. B. MATERN bér det teoretiskd virdet pd R, i detta fall vara nigot
lagre 4n dA provyteantalet dr odndligt stort. For att verifiera slutsatsen ha ett
antal ENEROTHS-férdelningar om 25 ytor i varje framstéllts med hjilp av
tabeller 6ver »random numbers». Av de olika serierna bortsorterades de,
vilkas p2-virden alltfér mycket avveko fran de teoretiska ENEROTHsS-fordel-
ningarnas. Sdlunda kvarstodo 7 st. serier framstéllda fér m = 1 och g2 = 1,214.
Dessa 7 serier hade medelvirdet g% = 1,230. Fér = m = 4 kvarstodo 11 serier
med medelvirdet o2 = 1,029, mot den teoretiska seriens @? = 1,048. For
m = 8 slutligen erhéllos 6 serier med ¢? = 0,814 mot det teoretiska 0,84s.
De teoretiska g2-virdena iro desamma som kunna avlisas i tab. 16 for m = 1,
4 och 8 och motsvara siledes materialets utjamnade védrden i dessa punkter.

Foér de slumpvis framstidllda ENErRoOTHS-f6rdelningarna om 25 ytor blevo
efter nyssndmnda beskdrningar medelvirdena av R, de nedan tillsammans
med de teoretiska vdrdena fér N = oo angivna.

m N =25 N = o0
I 0,82 0,83
4 0,75 0,77
8 0,76 0,82

Medelvirdet av R, for N = 25 4r 0,77, vilket med 0,01 understiger mot-
svarande’ virde for det utjimnade materialet och med 0,035 understiger
motsvarande teoretiskt berdknade virden. Man ser vidare, att den systema-
tiska underskattningen av R, vixer med stigande .
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De utfoérda férséken dro visserligen mycket fataliga men synas likvil med
tillriacklig sdkerhet bekrdfta det férutsedda resultatet, nimligen att areal-
faktorn nagot underskattas vid planttaxeringar, som omfatta endast 25 prov-
ytor. Skillnaden mellan arealfaktorns virde vid taxering med odndligt ytantal
och med 25 ytor 4r emellertid ej synnerligen stor. Vid férséken i friga uppgick
den till 4,5 9% av det efter taxering med 25 ytor erhdllna genomsnittliga
virdet 0,77. For den aktuella jimforelsemetoden dr denna skillnad utan stérre
betydelse. Den teoretiska berdkningen visar vidare, att arealfaktorn fér en
ExERrOTHS-fordelning nidgot paverkas av plantantalet. Vid konstant stérning
ir sambandet svagt bagformigt med ett minimum i nirheten av m = 5 (jfr
fig. 52). I materialet utrdtas formen pa grund av samverkan mellan sjunkande
stérning och systematisk feluppskattning (fig. 50 och tab. sid. go).

Arealfaktorn och ytstorleken. Genom gruppstillningen pad hyggena
ordnas plantorna i ett monster, vars detaljstruktur dnnu till stérsta delen 4r
obekant. Det dr déarfor moéjligt, att taxeringar med en annan ytstorlek 4n
6,16 m? kunna leda till andra arealfaktorer 4n de ovan beriknade och att
foljaktligen ytstorleken kan paverka jdmférelserna.

Pa inrddan av fil. lic. B. MATERN ha ndgra hyggen taxerats med olika
ytstorlekar i avsikt att vinna nigon uppfattning om ett eventuellt samband
mellan ytstorlek och arealfaktor. Berdkningen av arealfaktorn grundar sig pa
skillnaderna mellan den faktiska f6érdelningen av smérre provytor med olika
antal plantor och motsvarande Poisson-férdelning. Vid de dirvid erforder-
liga, mer eller mindre konkret uppfattade, utglesningarna forutsittes, att de
borttagna plantornas plats inom provytan ej sdrskilt utviljes utan bestimmes
av slumpen. Detta 4r nédvindigt med hédnsyn till de senare nimnda korrek-
tionerna fér ojimn hojdfordelning och planttyp, vilka béra kunna féretagas
oberoende av korrektionen for arealférdelningen. Ur skoglig synpunkt torde
férutsdttningen ej medféra skadliga konsekvenser, si linge provytorna iro
tamligen sm3, t. ex. 2 & 3 m2. A andra sidan r det uppenbart, att det skogligt
sett icke dr likgiltigt var en planta borttages pa en mycket stor provyta. Med
tiden kommer den i ungdomen starkt gruppstillda féryngringen genom be-
stdndsvirdande huggningar att mer och mer utjimnas. Redan innan stam-
antalet nedbragts till 500 per hektar bér stamférdelningen vara i huvudsak
jamn. Da trddantalet 4r 500 per hektar, representerar varje stam en yta av
20 m? Vid denna ytstorlek dr det icke ens i ett langt framskridet utvecklings-
stadium likgiltigt, var pd ytan trddet stir. Den nu aktuella undersékningen
synes dirfér kunna begrinsas till ytstorlekar mellan 3 och 20 m?

Vid taxeringarna anvdndes serier av cirkelprovytor med radierna 1,0,
I,4, 2,0 och 2,5 m och gemensamt centrum. Tre féryngringar pa frisk ristyp
taxerades med resp. 64, 50 och 55 provytegrupper. De betecknas nedan sasom
gles, medeltdt resp. tit. Arealfaktorerna blevo fdljande.
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Radie Gles Medeltat Tat
Radius Sparse Medium dense Dense
I,om 0,80 0,81 0,82
I,4» ‘ 0,80 0,79 0,84
2,0 » 0,78 0,86 0,86
2,5 » 0,81 0,87 0,84
Medeltal 0,80 . 0,83 0,84
Mean
0 1,19 I,06 0,87

Av sammanstillningen framgér, att arealfaktorn i ett och samma be-
stand knappast mérkbart paverkas av dndringar i ytstorlek inom intervallet
3,14—19,63 m2. Den stigande tendensen fran det glesa till det tita bestindet
forklaras av den samtidigt avtagande stérningen. I nedersta raden har dennas
medelvirde fér de fyra ytstorlekarna angivits.

Med reservation fér det knapphidndiga materialet ha vi si-
ledes funnit, att arealfaktorn inom ritt vida grinser 4r néir-
melsevis oberoende av ytstorleken. Ur praktisk synpunkt ir
detta anméirkningsvdrda resultat av stor betydelse. Didrigenom
kommer produkten R, -N sdsom mdatt pd féryngringarnas tidthet
efter korrektion fér 6vernormal gruppstdlldhet att férena en
konkret skoglig innebérd med en betydande grad av allméin-
giltighet.

Enligt férfattarens uppfattning torde mera djupgdende matematiskt-sta-
tistiska studier av plantfordelningsproblemet kunna véntas leda till ur prak-
tisk och teoretisk féryngringssynpunkt vérdefulla resultat. Ej endast natur-
féryngringarnas utan dven skogsodlingarnas férdelning 6ver arealen synes
ddrvid béra beaktas. Det forefaller icke osannolikt, att dylika undersék-
ningar skola kunna ge en belysning av de sirskilda ménster, som kdnneteckna
olika marktyper och féryngringar samt darigenom bidra till uppsparandet av
de biologiska realiteterna bakom desamma.

Arealfaktorns samband med st6érningen. Stérningen och areal-
faktorn péverkas bada framfor allt av gruppstéllningsgraden. Sambandet
mellan stérning och arealfaktor bor dirfér vara starkt.

S& dr ocksd fallet, som framgér av féljande regression av R, pa g:

R, = 1,0000—0,2276 0 4- 0,0204 0% ... ... .. i i (27)

Genom korrelationen har den ursprungliga spridningen s, sdnkts frin
0,1259 till Sy = 0,0595, utgérande 47 Y, av S, Korrelationskoefficienten ar
0,884, vilket anger en mycket stark samvariation (jfr fig. 51).
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Emellertid paverkas arealfaktorn ej endast av stérningen utan dven, ehuru
téamligen svagt, av plantantalet. Detta har forut pavisats (sid. go) for exakta
ExNeroTHS-férdelningar. Det teoretiska sambandet for tva olika vdrden pa g?
far den i fig. 52 atergivna formen. Till {6ljd hirav torde det vara teoretiskt
mera tillfredsstdllande att berdkna arealfaktorn for ett aktuellt hygge enligt
rikneschema II, tab. 28, 4n genom berdkning av stérningen och direfter an-
viandning av funktionen (27). Det senare tillvigagdngssittet ger emellertid
en god approximation.

Ra
1.0~F
0.9 |
2
08 O~=10
07 0%-20
0.6
05
0.4
03
0.2 r
01k
1 1 1 L 1 1 1 A
0 1 2 3 4 5 6 7 8m
Medelantalflantor per yta
ﬂueﬂaye number of plants per plot”

Fig. 52. Sambandet mellan arealfaktorn och plantantalet, beriknat ur ENEROTHS funktion.
Correlation between area factor and number of plants as computed from the function of ENEROTH.

Sammanfattning. Det betraktas som sjdlvklart, att tdtheterna i for-
yngringar med samma arealférdelning 4ro proportionella mot plantantalen.

Genom gallring i de tdta grupperna i gruppstillda foryngringar kunna dessa
bringas i partiell 6verensstimmelse med motsvarande PoissoN-férdelningar.
Dirigenom uppstd normaliserade plantfordelningar, vilka oavsett den ur-
sprungliga graden av gruppstdlldhet 4ro tillrackligt lika, for att approximativ
proportionalitet kan anses rdda mellan tdthet och plantantal fér desamma.

Det efter gallringen i naturliga foryngringar kvarvarande plantantalet,
dividerat med det ursprungliga, utgér arealfaktorn, som har medelvirdet
0,790, men vixlar frdn hygge till hygge. Arealfaktorn ar praktiskt taget obe-
roende av ytstorleken inom intervallet 3—20 m?2
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Produkten av arealfaktor och plantantal per hektar 4r en approximativ
uppskattning av det fér 6vernormal gruppstélldhet korrigerade plantantalet.
Denna produkt dr dérfor direkt jamforbar for olika foryngringar.

Korrektionsfaktorer for plantornas hijdfordelning

Spridningen i h6jd férorsakas i en naturlig féryngring till stérsta delen av
den olika langa vixttid, som olika gamla plantor haft till férfogande. Precis
lika gamla plantor pd samma lokal ha emellertid ocksd en viss hé6jd-
spridning. Det forefaller icke orimligt att ldgga likaldriga plantors héjd-
fordelning till grund for jimforelser mellan olika“féryngringar med avse-
ende pd hojdstrukturen. Den spridning sadana plantor uppvisa kan icke und-
vikas ens i den mest idealiska sjdlvioryngring, som uppkommit efter ett enda
froar. '

En viss uppfattning om denna férdelnings beskaffenhet kan erhallas ge-
nom undersdkningar av planteringar i olika utvecklingsstadier. Sidana
undersokningar ha dirfor utforts (materialet redovisas i tab. 2). Av litt in-
sedda skil méste huvudparten av materialet hdmtas frin mellersta Sverige
och sédra Norrland. Emedan de flesta planteringar utférts med ett féga va-
rierande férband, representerar materialet endast detta genomsnittliga medel-
forband, ehuru med de variationer, som férorsakats av olika nollgropsprocen-
ter och hidr och var i ringa méngd férekommande sjdlvsadd.

Tall- resp. granplanteringarnas hojder prickades dels i enmetersklasser,
dels i halvmetersklasser, varvid klassen 0—qg, resp. 0—49 cm betecknades
o, de foljande 1, 2, 3 0. s. v. Medelh6jd och spridning i klassenheter samt
stérning berdknades ddrefter. Medeltalen av stérningen blevo f6ljande:

1 m klasser o,5m klasser
Tall och gran..........ovovvvviinnn., —0,305 —0,031

For halvmetersklassificeringen, som tydligen ligger ritt ndra en vanlig
Poisson-fordelning, blevo medeltalen av storningen for:

tall = —o,027
gran = —0,035

En dnnu nirmare 6verensstimmelse med Poisson-férdelningen hade siker-
ligen kunnat uppnds med nigot mindre héjdklasser 4n 0,5 m. Emellertid
ansdgs det uppnadda resultatet vara tillrickligt gott, varjimte praktiska
synpunkter starkt talade for att bibehalla halvmetersklassificeringen. I huvud-
sak likaldriga plantbestinds héjdférdelning i halvmetersklasser med num-
rering enligt vad ovan sagts betraktas dédrfor i fortsdttningen som i medeltal
nirmelsevis fordelade enligt Poissons funktion.
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S.F.I:'s saml., 1942
Fig. 53. Foryngring med ojamn héjdférdelning.
Young stand with uneven height distribution.

Pa grund hdrav kunna korrektionsfaktorer fér plantornas ojimna hojd-
fordelning berdknas pd ett sdtt, som i princip Gverensstimmer med berik-
ningen av korrektionsfaktorerna foér plantantalets ojdmna férdelning dver area-
len. Korrektionsfaktorn fér héjdférdelningen bendmnes hdjdfaktorn och be-
tecknas R,.

For att uppskatta den korrektion nedat av plantantalet, som rimligtvis
bor féranledas av 6vernormal héjdspridning, skola vi 6verviga vilka dtgiarder
man i den skogliga praktiken kan tillgripa for att forbattra ett daligt tillstdnd.
I sjdlva verket finns for de hir ifrdgavarande typerna av itervixter tva dia-
metralt olika utvdgar. I mycket framskridna, orérda féryngringar torde
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man oftast féredra att bygga det framtida bestandet pa de lingst komna
hojdskikten, dven om dessa dro timligen stamfattiga, Det dr dirvidire-
gel ganska likgiltigt, om- de undre skikten avlidgsnas eller limnas kvar att
tyna bort under 6verbestdndet. Pa ett tidigare stadium diremot skulle
man sannolikt i de flesta fall ha féredragit att virda féryngringarna ge-
nom den praktiska skétseldtgird, som &r kdnd under namnet »plantskogs-
rojning». 1 fortsittningen skola vi endast ta detta alternativ under 6vervi-
gande. Termen »plantskogsréjning» torde ha inférts av J. E. VRETLIND, som pd
Mald revir i stor utstrickning utfért plantskogsréjning i sjalvsadder. Darvid
avligsnas de férvdxande plantor, som kunna ersittas av i niarheten befintliga
smirre plantor. Medelhdjden, hojdspridningen, medelaldern och plantantalet
minskas till f6ljd hirav. Plantskogsr6jningen bér emellertid icke fa lov att
drivas hur langt som helst. Nedan skola vi understka vilket resultat som
uppstar, om grinsen i analogi med tidigare resonemang sittes vid den punkt,
dir de aterstdende plantornas héjdférdelning kommit i ndrmast méjliga Gver-
ensstimmelse med PoissoN-férdelningen.

Berdkning av héjdfaktorn. Som av tab. 19 framgar innehdlla for
barrtridsplantor klasserna o och 1 i regel mer dn 45 9, av hela plantantalet.
Den Porsson-férdelning, som kan framstdllas genom successivt avligsnande
av férvixande plantor, kommer saledes att bestd av plantor i nigra fa av de
ldagsta hojdklasserna, bland vilka klasserna o och 1 helt dominera. Vi kunna
dirfér lampligen sdtta grdnsen foér »plantskogsréjningen» vid den punkt,
dir en Porsson-fordelning uppnas, som har samma absoluta frekvenser
som ursprungsféryngringen i klasserna o och I.

Vid tillimpning pa det aktuella materialet, vars hyggen ofta 1nnehalla
helt fa plantor och dir foljaktligen frekvenserna i o- och 1-klasserna dro starkt
paverkade av tillfdlligheter, ersittes lampligen de observerade frekvenserna
med de enligt ENEROTHS funktion hdrledda. Om alltsd i héjdens ENEROTHS-
fordelning de relativa frekvenserna i o- och 1-klasserna betecknas E, resp.
E, och i den efter »plantskogsrojningen» kvarvarande Porsson-férdelningen
P, resp. P,, finna vi:

m2
E1=E00—2;P1=P0~mpsamt:

I ovanstdende formler betecknar m medelh6jden i klassenheter i den ur-
sprungliga ENEROTHS-férdelningen, medan m, &r motsvarande siffra i den
resterande Poisson-férdelning, vars relativa frekvenser i klasserna o och I
forhélla sig till varandra pd samma séitt som den ursprungliga héjdférdel-
ningens utjimnade frekvenser i samma klasser.

7. Meddel. fran Statens skogsforskningsinstitut. Band 38:9.
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Antalet plantor maste som litt inses vara lika stort i Porsson-férdel-
ningens o- och 1-klasser som i ENEROTHS-férdelningens, emedan en PoIrsson-
fordelning méste uppnds innan 4dnnu dtminstone 2z-klassen helt avligsnats.
Om saledes féryngringen ursprungligen innehdll N plantor, vilket antal
efter »plantskogsréjningen» nedbragts till » plantor fa vi N(E,+E) =mn

(Po + P)) och hiarav N (I + i3 > E,= n<1 -+ P ) P, eller slutligen, efter-

som EI/E0 = P,/P,, #/N = Ey/P,. Emellertid 4r #/N lika med den s6kta
héjdfaktorn R, och féljaktligen:

. .
R, = FO ........................... (29)

=]

Hojdfaktorn ar alltsd ett uttryck for den del av det totala
plantantalet, vars hdojder, registrerade i halvmetersklasser,
félja en' Porsson-férdelning med samma férhallande mellan fre-
kvenserna i o- och r1-klasserna som i den till ursprungsféryng-
ringen anpassade ENERoOTHS-f6rdelningen, eller — om vi vilja
uttrycka det sid — med samma absoluta frekvenser i o- och
1-klasserna som i ursprungsféryngringens ENERoTHS-f6rdelning.

Ehuru av alldeles underordnad praktisk betydelse bér likvil pipekas, att
de observerade frekvenserna i klasserna o och 1 tillsammans med de pa
grundval av (28) berdknade frekvenserna i klasserna 2, 3 o. s. v. bilda en
exakt Poisson-férdelning, endast da de bada férstnimnda frekvenserna &ro
lika med motsvarande frekvenser enligt ENEROTHS funktion. Om i en viss
foryngring detta icke &r fallet, kan ur densamma i verkligheten endast en
approximation till Poisson-férdelningen (28) framstillas.

Som illustration till berdkningen av héjdfaktorn kan till exempel hygge
nr 75 i tab. 22 anvindas. De observerade och enligt ENEROTHS funktion be-
rdknade plantantalen i olika héjdklasser angivas i tab. 29. Ur de observerade
frekvenserna beriknas m = 0,4153, 6% = 0,7692 och foljaktligen m, = 0,2243.
Vidare finna vi ur (18) E, = 0,7407 och ur (8) Py, = 0,7994, varfér R, =
0,9266 och den erforderliga réjningsprocenten = 7,34. Antalet kvarvarande,
Poisson-férdelade plantor erhilles genom multiplikation av de ur (8) berak-
nade relativa frekvenserna med R+ N = 0,9266 - 183 = 169,6. Dessa plant-
antal ha uppférts i tab. 29, sista kolumnen, efter avrundning till heltal. Sum-
man blir dirigenom 169 i stillet f6r 169,6. I verkligheten finnas i klassen o
endast 134 plantor, medan den exakta Porsson-férdelningen fordrar 136 st.
I klassen 1 finnes dter ett 6verskott av 4 plantor. Serien 134, 34, 3 ar fol]akt—
ligen endast en approximativ PorssoN-férdelning.

Hoéjdfaktorn enligt materialet. Ett virde pd hoéjdfaktorn har be-
rdknats enligt (29) fér varje enskilt hygge med avseende pa barrtridsplantor.
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Medelvirdet for hela materialet blev R, = 0,862. Héjdfaktorn visade sig
sjunka med stigande hyggesalder, varfér en korrelation utférdes, vilken gav
foljande resultat:

4

R; = 1,0054 — 0,0922 FPEEEEERUERRRPRRRPPRRER (30)

Den resterande spridningen kring regressionslinjen fororsakas till -stérsta
delen av den pa olika hyggen vixlande proportionen av bestdndsféryngring,
med vilken R, som naturligt 4r star i ndra samband.

Konstanterna i (30) ha féljande medelfel.

Konstant Medelfel Dioi %
I,0054 0,0512 5,10
0,0922 0,0312 33,85

Regressionslinjens foérlopp genom materialets gruppmedeltal framgar av
fig. 54. Héjdfaktorns virde for varje ar fr. o. m. 5 t. o. m. 30 har berdknats
enligt (30) och uppférts i tab. 3o0.

Produkten av R, och plantantalet per ha i en viss foryngring ger det antal
plantor, som med avseende pa héjden dr approximativt Porsson-férdelat.
Man har alltsd med samma beteckningar som ovan # = R, - N. Hédrav finna
vi att »plantskogsréjningen» enligt ovan anférda principer lett till en gall-
ringsprocent av 100(1-R;). Givetvis skulle héjdfaktorn sisom del av jim-
forelsesystemet vinna 6kat virde, om denna gallringsprocent motsvarar de
vid praktiska plantskogsréjningar i genomsnitt tillimpade procenterna. Trots
att plantskogsréjning for ndrvarande atnjuter en betydande popularitet,
synes dock endast féga vara bekant om ingreppens genomsnittliga styrka.
Fran jigmistaren J. E. VRETLIND har forfattaren med tacksamhet mottagit
de foérmodligen enda sikert kdnda siffror, som fér nirvarande finnas till-
gingliga.

Inom ett ar 1936 16pbrdnt hygge med sparsamt férekommande frétrad
utfordes plantskogsréjning i augusti 1940 pa tre olika provytor. Darvid bort-
togos av tall och gran pa ytorna nr 1, 2 och 3 resp. 11,2, 8,1 och 9,8 %, av det
ursprungliga plantantalet, d.v.s. i genomsnitt, utan hinsyn till provytornas
nagot olika storlek, 9,7 %. Enligt vid denna unders6kning anvdnt sitt fér
bestimning av hyggesdldern 4r denna 14 ar. For detta virde erhalles enligt
(30) R; = 0,8764, som motsvarar en réjningsprocent av 12,36. Overensstdm-
melsen mellan den observerade roéjningsprocenten och den pa teoretiska
grunder beriknade torde fi anses vara mycket god, sirskilt om vi ta i betrak-
tande, att materialet f6r berikningen av R, innehiller avsevdrda méingder
granmarbuskar (bestdndsféryngring), vilket ej i ndmnvird omfattning kan
vara fallet pA WRETLINDS brinda hygge. Granmarbuskarna bidra emellertid i
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Fig. 54. Sambandet mellan héjdfaktorn och hyggesaldern.

Correlation between height factor and number of years after cutting.

regel till en sdnkning av R, och féljaktligen till en ¢kning av réjningspro-
centen, vilket f6r Gvrigt ur skoglig synpunkt synes vara berdttigat. — Av
detta enda exempel kunna visserligen inga vittgdende slutsatser dragas, men
det synes dtminstone visa, att héjdfaktorns storlek ej pafallande avviker fran
vad som skogligt sett kan anses rimligt.

Sambandet mellan planttdthet och planthdjd. Om vi skulle
vilja uppskatta plantantalet i en f6ryngring efter korrektion fér gruppstilld-
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het och korrektion fér 6vernormal héjdspridning till beloppet R, : R, N
kan detta enligt féregdende framstédllningar ske, men dock endast under
forutsdttning att plantantalet ej visar starkare korrelation med planthéjden
Om en stark positiv korrelation skulle rdda, férekomma ndmligen de hoga
plantor, som vid »plantskogsréjningen» avldgsnas, 6vervidgande i de tdta
grupperna, dir utglesning 4nda maste ske f6r uppnaende av den efterstrivade
arealférdelningen. Man har dd mdjlighet att vid denna utglesning i frimsta
rummet avldgsna de héga plantorna. Dirigenom skulle produkten R, - R; - N
medféra en oskiligt stark korrektion nedét, eftersom redan R, i sig innefattar
en storre eller mindre del av R,

For att utréna korrelationen mellan planttithet och planth&jd ha f6r 10
hyggen av olika aldrar mellan 100 och 400 m &. h. f6ljande berdkningar ut-
forts. Forst berdknades det antal plantor = (1—R )N, som bor borttagas vid
splantskogsréjningen». Direfter uppstktes de (1—R;)N hogsta plantorna
och antalet plantor antecknades f6r de provytor, pa vilka dessa stodo. Medel-
antalet plantor pa de ifrdgavarande ytorna betecknas med ;.

Om ingen korrelation finns, innebédr detta att de (1—R,;)N hogsta plan-
torna kunna betraktas som lika manga slumpvis uttagna plantor vilka som
helst. Medelantalet plantor pa den yta, pa vilken en slumpvis uttagen planta
star, dr emellertid enligt f6ljande av fil. lic. B. MATERN angivna formel lika
med

n—1I

My = m 4 Q2
varest m betecknar medelantalet plantor per yta pa hela hygget och # antalet
ytor. v
- Om nu m, dr stérre dn m,, féreligger en positiv korrelation, d. s. v. hoga
plantor dro koncentrerade till plantrika ytor. Om m, & mindre dn wm,, ir
korrelationen negativ och héga plantor triffas féretrddesvis pa glesa ytor.
Undersékningen visade, att korrelationen endast pa ett hygge var o men pa
de 6vriga negativ. I medeltal blev m, = 9,67 och m, = 6,72 plantor per yta.
Det totala medelantalet plantor per yta fér de 1o hyggena blev 5,78. Da sa-
lunda m, vanligen ligger inom det omride av férdelningen, dir i allminhet
inga plantor borttagas vid den fér berdkning av arealfaktorn nddvindiga
utglesningen, dr det tydligt, att hela effekten av héjdfaktorn kan medtagas
utan ndmnvird risk fér oskiligt stark korrektion. Som f6rsta approximation
antaga vi ddrfor, att upplésningen av grupperna och plantskogsréjningen
utféres oberoende av varandra och att diarvid atgirdernas sammanlagda
effekt mites av produkten R, Kj - N.

Sammanfattning. Korrektion fér plantornas ojimna hé6jdférdelning kan
utforas genom en atgird, som mycket liknar plantskogsréjning. Dérvid av-.
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ligsnas foérvixande plantor intill den grins, dd de &terstdende plantornas
héjder bilda en approximativ Porsson-fordelning. Kvoten mellan de kvar-
varande och de ursprungligen befintliga plantornas antal utgér héjdfaktorn
R;. Hojdfaktorn sjunker med stigande hyggesdlder. Dess genomsnittliga
virde utgdr 0,862. Det for ojimn héjdférdelning korrigerade plantantalet
uppskattas till beloppet R - N, varvid f6r olika hyggesildrar R, beridknas
ur (30) eller tages ur tab. 30.

Det for savil gruppstdlldhet som Gvernormal héjdspridning korrigerade
plantantalet uppskattas till beloppet R, - R, * N.

Korrektionsfaktorn for planttyp samt den kombinerade
korrektionsfaktorn

1 tab. 23 6ver viktindex finna vi uppgifter om hur den genomsnittliga plan-
tan av nyféryngring resp. bestandsféryngring uppskattats vid olika hygges-
aldrar i forhallande till en felfri, vdlformad planta. D4 som forut sagts plantor-
nas utseende spelar en roll vid bedémningen av féryngrinigsresultatet, synes
denna viktindex — eller #ypfaktor, om vi vilja uppritthalla analogien med
arealfaktorn och héjdfaktorn — kunna utnyttjas som en korrektionsfaktor R,,
vilken, multiplicerad med plantantalet, ger en uppskattning av féryngringens
totala innehall av felfria plantor.

Foljaktligen antaga vi, att R,-N utgdr det f6r planttyp kor-
rigerade plantantalet.

Typfaktorn dr oberoende av planthéjden (sid. 73) och kan i varje fall €j
regelbundet vara simre i de tdtare plantgrupperna &n i de glesare hygges-
omradena. Om vi saledes kombinera samtliga korrektionsfaktorer och upp-
skatta en féryngrings plantantal efter korrektion fér areal- och hojdfordel-
ning samt planttyp till ett antal plantor av:

torde vi ddirmed ej ha kommit till en oskiligt 14g uppskattning.

Den kombinerade korrektionsfaktorn har berdknats for nyféryngring resp.
bestandsforyngring av barrtridsplantor och uppférts for olika hyggesaldrar
i tab. 3I.

Jimiorelseféryngring. Den féryngring, som aterstir efter korrektioner
f6r 6vernormal gruppstilldhet, ojimn héjdférdelning och planttyp, kunna vi
bendmna ja@mfirelseforyngring. Den kan sigas vara en foryngring av felfria
plantor med Poisson-fordelade hjder och en arealférdelning, som obetydligt
avviker frin en normaliserad ENEROTHS-férdelning. Avvikelsen beror pé den
rubbning av den normaliserade ENEROTHS-férdelningen, som i verkligheten
-uppkommer vid en »splantskogsréjning», dd planthdjd och plantantal ej dro
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fullstindigt okorrelerade. Plantantalet i den jamférelseféryngring, som mot-
svarar en given naturlig f6ryngring, kan berdknas ur (31). Vardet pa korrek-
tionsfaktorerna utrénes ddrvid genom undersékning pa marken. For grova
6verslagskalkyler kunna de tidigare angivna medelvirdena anvindas (tab.
31). Plantantalen i olika jdmférelseféryngringar dro direkt jimférbara med
varandra i s métto, att de utgéra plantantal i féryngringar, som i stort sett
-dro lika férdelade over arealen, lika férdelade i héjd och bestd av lika goda
plantor. Jdmforelseféryngringarna &dro med andra ord ur struktur- och
kvalitetssynpunkt likartade.

Planteringars (skogsodlingars) jamforelseforyngringar

Vid planteringar och flicksddder, som i nedanndmnda avseende kunna jim-
stillas, stravar man i allmédnhet efter en sd jimn arealférdelning som méjligt.
I praktiken kan emellertid férbandet vanligen icke hallas si precis, att den
teoretiskt mojliga jimnheten fullt uppnds. I manga fall gér man &dven med-
vetet avsteg fran det regelbundna férbandet, emedan man anser det viktigt,
att planteringsgropar och saddflickar placeras pa sidana stillen, dir de litt
kunna astadkommas och dir plantorna synas ha den stdrsta utsikten att

leva kvar. Trots alla férsiktighetsmdtt férekommer dock i regel en viss av-
géng, som kan betraktas som normal. Tillsammans med oregelbundenheter i
forbandet fororsakar denna, att ofta rdtt mycket fattas i den teoretiska jimn-
heten. Den verkliga férdelningen kommer dirigenom att mer eller mindre
nirma sig en PorssoN-férdelning.

Om vi utgd frdn en Porsson-férdelning med ndgot hogre medeltal dn t. ex.
en plantering, kan den genom ldmplig gallring omféras till en arealférdelning,
som starkt padminner om planteringens. For att bestdmma gallringsgraden
anvindes rakneschemat I, tab. 27, varvid PoissoN-fordelningen sittes i andra
kolumnen och planteringens observerade férdelning i tredje kolumnen. Vid
limpligt val av medeltal i PoissoN-férdelningen far man efter gallringen i
regel en férdelning, som tdmligen exakt Sverensstimmer med den observe-
rade. Dock kan naturligtvis de enskilda plantornas plats inom provytorna
icke fullt bringas i 6verensstimmelse med planteringen.

For niarmare undersékning ¢ver fragan hur Porsson-fordelningens medeltal
bor viljas vid ovannimnda berdkningar har endast ett material av kart-
lagda sadder stitt till forfogande. Sannolikt uppvisa emellertid norrlindska
sidder och planteringar ungefir lika grad av oregelbundenhet, varfor
materialet torde fi anses anvindbart for ifrigavarande dndamél. Det visade
sig, att de gallrade PoissoN-férdelningarna kunde bringas i mycket nira
Overensstimmelse med de observerade fordelningarna, om deras medeltal
var hogst omkring 40 9, storre 4n siddernas. Dessas medeltal (antal flickar
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per provyta) vixlade i de 12 undersékta fallen mellan 0,8 och 3,2 och procent-
talet nollstreck mellan omkring 1 och 12 %,. Intervallet m = 1 till m = 3
omfattar de férband, som f6r nidrvarande torde vara av huvudsakligt intresse,
nimligen fran 2,5 till 1,4 m. Materialet visade, att sdddernas medeltal i genom-
snitt behovde hojas med 28 %, (1 virde pa 1 %, de 6vriga 11 virdena mellan
20 och 40 %). Saddderna utférdes under aren 1945—1948 och kartlades sist-
nimnda ar. Med tdmligen stor sikerhet kommer inom de ndrmaste dren noll-
flicksprocenten att 6ka, vilket verkar i riktning mot en sinkning av pro-
centtilligget. Av den anledningen och dven dirfér, att siffran i friga pa
nuvarande stadium icke bér pressas alltfér hart, torde vi foér jaimforelse-
metoden lampligen béra anvidnda ett neddt till 25 9%, avrundat virde.

Den mot en i praktiken utférd plantering eller sidd sva-
rande Porsson-férdelningen boér alltsd ha ett medeltal, som i
genomsnitt 4r 25 9% hogre d4n skogsodlingens, da tills vidare
hinsyn tas endast till arealférdelningen. Om skogsodlingens
medelantal plantor (flickar) per yta dr m, boér alltsa PoIsson-
fordelningen ha medeltalet 1,25 m plantor per yta.

Fig. 55 visar kartbilder dels av sddder med olika antal flickar per yta (I—
II1), dels av de gallrade PoissoN-férdelningar, som svara mot sddderna (IV—
VI). Bilderna I och IV ha samma medeltal, likasa IT och V samt III och VI.
Parvis dro dessa fordelningar identiskt lika sa till vida, att antalet ytor med
0, I, 2 ... plantor ir lika stort i bada till samma par hérande férdelningar.
De gallrade Poisson-férdelningarna (IV—VI) dro dock icke fullt sd jamna
som sddderna. Storre likhet dven i férdelningen inom provytorna hade kunnat
uppnis genom att utgd frin Poisson-férdelningar med mer dn 25 %, storre
medeltal 4n sddderna. Det torde emellertid kunna ifragasidttas om den skog-
liga betydelsen av plantornas orientering inom sa sma arealer som 6 m? &r
nog stor f6r att motivera detta. Redan vid det férsta gallringsingreppet kommer
sannolikt storre delen av de pd det tidiga plantstadiet iakttagbara skillna-
derna i arealférdelning att utpldnas.

Vi kunna nu vad arealférdelningen betriffar géra 6vergangen fran skogs-
odlingar till Porsson-férdelningar. Férut ha vi visat, att de naturliga féryng-
ringarnas ENEROTHs-férdelningar genom normalisering kunna bibringas en
viss grad av jimnhet. For att sammanknyta kedjan mellan skogsodlingen
och den naturliga féryngringen aterstar alltsa steget mellan den normaliserade
ENEROTHS-férdelningen och nigon ldmplig Poisson-férdelning. Detta steg ar
langt ifrén 14tt. Den uppgift vi féresatt oss att 16sa bestar i att finna motsvarig-
heten mellan de extremt gruppstillda, naturliga féryngringarna och de till
synes ojamforligt likformiga skogsodlingarna. Detta kan givetvis ske s, att
vi utgd frdn mycket plantrika naturliga féryngringar, som gallras sd hért, att
de kvarvarande plantorna komma att std just dir en planta skulle ha haft sin
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plats, om marken hade skogsodlats. Denna lésning pa problemet méste emel-
lertid betraktas som oanvindbar pa grund av de oerhért hoga fordringar,
som dirigenom stillas pi de naturliga féryngringarnas plantantal.

I stiallet gd vi till viga pa foljande sdtt. Problemet giller att till en
normaliserad ENERoTHS-férdelning anpassa en Porsson-fordelning sa,
att de oundvikliga avvikelserna mellan de bdda férdelningarnas klassfre-
kvenser bli sa litet pafallande som mojligt. Om vi beteckna den normaliserade
ExerotHs-fordelningens procentuella frekvens i klassen ¢ med N, och Po1sson-

Faktorn E/P
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Den naturliga foryngr:s medeltal
/lean of the natural regeneration

Fig. 56. Kvoten mellan den naturliga foryngringens medeltal E och nirmast motsva-
rande PorssoN-férdelnings medeltal P (barrtriadsplantor).

Quotient between mean of natural regeneration E and mean of approximately corresponding
PorssoN distribution P (coniferous plants).

férdelningens procentuella frekvens i samma klass med P;, har minsta virdet

av summan y2 = X [(N,— P,)?/P;] varit till god ledning fér bestimmandet

av det foérhdllande mellan férdelningarnas medeltal, vid vilket férdelningarna
enligt framstillda kartbilder te sig mest likartade. Férhallandet mellan den
ursprungliga ENEROTHS-férdelningens medeltal E och ndrmast motsvarande
Poisson-fordelnings medeltal P aterges i fig. 56. Kartbilder av normaliserade
ExeroTHS-férdelningar med de ursprungliga medeltalen # = 1, 3 och 6 samt
nirmast motsvarande PoissoN-férdelningar, vilkas medeltal 4ro resp. 0,8,
1,9 och 4,4, visas i fig. 57.

Vi kunna nu pé grundval av de féregiende utredningarna uppstilla en tabell
6ver de medelantal felfria och normalt héjdférdelade barrtrddsplantor per
provyta, som enligt virt virderingssitt motsvara varandra i olika viktiga
fordelningar (tab. 32). I rad 1 i tab. 32 star plantantalet i en héjd- och typ-
korrigerad naturlig féryngring med genomsnittlig stérning och séledes
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S.F.I's saml., 1942.
Fig. 58. Norrlandstall planterad i 2 m férband.
’ North swedish pine planted in 2 m spacing.

arealfaktorn o,790. I rad 2 anges medeltalet i motsvarande normaliserade for-
delning (utgérande 0,790 X medeltalen i rad 1). Dessa normaliserade férdel-
ningar motsvara enligt kurvan i fig. 56 PorssoN-férdelningar med de i rad 3
angivna medeltalen. Férut ha vi funnit, att en vanlig planterings medeltal
bor héjas med 25 9, for att ge medeltalet i en motsvarande PorssoN-fordelning.
Skogsodlingens medeltal utgér alltsd sifforna i rad 3 dividerade med 1,25.
Dessa virden, som alltsd ange medelantalet plantor eller flickar i en skogs-
odling, std i rad 4. Mot dessa plantantal svara de i rad 5 angivna, genomsnitt-
liga kvadratférbanden.

For att forklara de i rad 6 upptagna siffrorna maste féljande forhallanden
tas 1 betraktande. Vid mycket glesa planteringsférband bli plantor av
vanligt utsdide med tiden starkt spirrvuxna och grovgreniga. De skulle vid
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undersdkning en viss tid, t. ex. 30 &r, efter planteringen ha &satts ett relativt
l3gt viktindex. D4 vi ta hinsyn till viktinex (typfaktor) vid bedémandet
av de naturliga féryngringarna, bér si ske dven.i frdga om planteringarna.
Visserligen veta vi ytterst litet om typfaktorns varde i olika slag av skogs-
odlingar och vid olika férband, men vi kunna dock icke underldta att med
ledning av allmin erfarenhet och ett fatal undersoknmgar 's6ka gbra en sa
god bedémning ddrav som mdjligt. Vi kunna ddrvid utgd frin det allmént
kinda forhédllandet, att lyckade planteringar i omkrlng 1,3 m férband ge upp-
hov till trdd av fullgod typ, alltsd med viktindex 1,0. Vid omkrmg 2,5 m for-
band diremot uppstd enligt institutets forbandsférsok med tall (jir LANGLET
(1937), NASLUND (1944)) starkt vidkroniga och sparrvuxna typer. Enligt
typschemat tab. 8 bér viktindex i detta fall ha virdet 0,7. Det kan nidmnas,
att en siffra av denna storlek ej forefaller oberittigad ur ekonomisk synpunkt.
Redan en kvalitetsnedsittning frin osorterat till kyiﬁta medfér en virde-
minskning av 25 %, vartill kommer férluster genom dyrare avverkning och
transport. Genom att férbinda de tvd ovan bestimda punkterna med en
kurva pa sitt fig. 60 visar, torde vi f4 anse oss ha gjort 3 yad som for nirvarande
kan goras i denna dnnu alltfor ofullstandlgt utforskade fraga Fig. 60 avser
nirmast planterad tall. For sadd tall och plantera(;, resp. sddd gran har kur-
van sikerligen ett nagot avvikande forlopp. Néirmafé hallpunkter for hur den i
dessa fall bor se ut saknas emellertid, varfér den i fig. 60 angivna kurvan t. v.
maste godtagas som en forsta orientering (jfr 4ven nista avsnitt). P4 grund-
val av fig. 60 och uppgifterna i-tab. 32 rad 5 kan nu litt berdknas, vilka for-
band som efter typkorrektion motsvara férbanden i rad 5. Dessa férband
anféras i tab. 32 rad 6. Den salunda utférda typkorrektionen avser planterade
bestdnd vid ett s framskridet aldersstadium — lat oss siga omkring 30 ar
— att trddtypen hunnit anta sitt fér férbandet typiska utseende.

Med ledning av uppgifterna i tab 32, raderna 6 och 2 kan slutligen fér varje
forband beriknas hur manga plantor per hektar, som finnas i motsvarande
jamfoérelseforyngring, (se sid. 102). Berdkningen har utférts i tab. 33,
som for forband fran och med 1,0 till och med 3,3 m med 1 dm intervall an-
ger dels planteringens verkliga plantantal, dels motsvarande jimforelsefor-
yngrings plantantal per hektar (kol. 3a och 3b, se.nedan). Sistnimnda siffror
kunna direkt jamféras med plantantalen i de naturliga féryngringarnas jam-
forelseféryngringar, d. v. s. med virdet R -R, R, N enligt (31).

Jémfirelse mellan de naturliga foryngringarna och planteringar

Vid berdkningen av tab. 33, som avser att mojliggéra jamitrelser mel-
lan naturliga féryngringar i vilken &lder som helst frdn o till 30 4r 4 ena
sidan och 3o0-driga planteringar & den andra, méste den sannolika typut-
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S.F.I:s saml., 1936.
Fig. 59. Sydsvensk tall planterad i 2 m férband.

South swedish pine planted in 2 m spacing.

vecklingen bedémas antingen f6r planteringarna eller for jimférelseforyng-
ringarna. Det senare alternativet har hir valts, vilket leder till de i tab.
33 kol. 3a och 3 b angivna grinsvirdena for jamférelseféryngringarnas plant-
antal.

Kol. 3a avser ddrvid jimf6relser mellan naturliga foryngringar och plan-
teringar, da de forra ha samma utvecklingsgrad (approximativt = alder)
som en 30-arig plantering. Kol. 3b har erhallits genom att dividera siff-
rorna i kol. 3a med planteringarnas typfaktor enligt fig. 60. Dessa virden
pa jamforelseféryngringarnas plantantal dro avsedda att tillimpas vid jim-
forelser mellan mycket unga naturliga féryngringar och 30-ariga planteringar.
Vi kunna enligt fig. 39 anta, att plantorna i nolldriga nyféryngringar dro
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Fig. 60. Typfaktorn foér planteringar i olika forband.

Type factor of plantations of different spacings.

felfria, ehuru sddana féryngringar visserligen knappast existera. De bada
serierna i kol. 3a och 3b bli hirigenom grinsvirden, silunda att kol. 3a
giller f6r 30-ariga och kol. 3 b for o-ariga foryngringar. Fér mellanliggande
aldrar ligger jimforelseféryngringens plantantal mellan dessa grinser.

Det vid férsta pdseendet svaréverskadliga sammanhanget kan fortydligas -
pa foljande sitt. 1. Vi ha en 30-arig naturlig féryngring, som gallras, plant-
skogsréjes och typsittes enligt givna regler. Dess jamforelseféryngrings
stamantal 4r R,R;R;N =1at siga 3050 fullgoda plantor. Detta motsvarar
enligt tab. 33, kol. 3a en 30-arig plantering i 2,0 m férband. 2. Den na-
turliga foryngringen har fullgod typ, men &4r endast t.ex. 5 &r gammal.
Den behandlas pd samma sitt som ovan och ger dven resultatet R,R;R;N
=3050. Nu kan den emellertid, efter det de nimnda atgirderna verkligen
utforts, och. under foérutsittning att inga plantor direfter tillkomma eller
avgd, icke motsvara en 3o0-arig plantering. Ty dess struktur och gleshet
dro nu ungefir desamma som planteringens, och under vixttiden fran 5
till 30 ar férsimras dess typ sd som om den vore en plantering, fér att
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vid 30 ar foljaktligen ha antagit adtminstone i det ndrmaste samma virde
som i denna. Om den understkes da, kommer dess jamférelseforyngring
endast till f6ljd av typfoérsimringen att understiga 3050 plantor och bli
=3050x0,825, dir 0,825=typfaktorn fér 2,0 m férband. — Vi maste
foljaktligen i detta fall kriva ett storre plantantal i jimforelseforyngringen,
nimligen 3050/0,825 = 3700 (avrundat). I sjdlva verket ar vixttiden i
exemplet 25 ar och den 5-driga naturféryngringen ar i allménhet icke
fullgod. Diarfér boéra vi interpolera mellan de i tab. 33 berdknade grin-
serna, varvid vi skulle erhalla virdet 3 590.

Med ledning av uppgifterna om barrskogsféryngringens plantantal i tab. 14
och de kombinerade korrektionsfaktorerna i tab. 31 ha i tab. 34 jimforelse-
foryngringarnas plantantal per ha berdknats fér ett antal kombinationer av
héjd 6ver havet, antal frétrad och hyggesalder. Uppgifterna i tab. 34 avse
" enligt vara tidigare utredningar relativt jimnt arealférdelade féryngringar

(jfr fig. 57: I—III) med en h&jdférdelning liknande den, som uppstar i lik-
aldriga bestdnd och bestdende av plantor, som efter en bestimd virderings-
grund (tab. 8) omriknats till fullgoda (typkorrigerats). Mot dessa plantantal
svarar approximativt de i tab. 33, kol. 3a och 3b angivna plantantalen. Dessa
plantor idro férdelade 6ver arealen pa ungefir samma sitt som plantornaitab.
34 (jfr fig. 57), ha ungefir samma hd&jdférdelning och dro virderade efter sam-
ma grunder. Plantantalen i jamférelseforyngringarna tab. 33 motsvara vidare
de i samma tabell (kol. 1) angivna planteringsférbanden (jfr fig. 55). Folj-
aktligen motsvara jimférelseféryngringarna i tab. 34 vissa i tab. 33 angivna
planteringsférband. Dessa kunna vi sdledes finna genom att ga frdn ett givet
plantantal i tab. 34 till ett lika stort plantantalitab. 33 beldget alltefter hyg-
gesaldern mellan kol. 3a och 3b, och slutligen dérifran horisontalt ut till kol.
1, ddr motsvarande planteringsférband kan avlisas. ‘
Ett par saker torde i detta sammanhang sirskilt béra framhallas.
Det 4r en allmidn erfarenhet, bestyrkt bland annat av NASLUND (1944)
. och EXLUND och Huss (1946), att virkeskvaliteten blir nagot bittre i sidda
an i planterade bestdnd, d& férbandet dr lika. Som férut sagts (sid. 109) saknas
bestimda hallpunkter fér en uppskattning av skillnadens betydelse i detta
sammanhang. Det torde emellertid vara férklarligt, om man trots detta rent
omdomesmissigt vill séka bilda sig en ungefirlig uppfattning hirom. Ett
forsok i den riktningen har gjorts. Resultatet blev f6ljande. Mot planteringar
intill omkring 1,7 m férband svara ur kvalitetssynpunkt sadder i ca 15 cm
storre forband och mot planteringar i férbandsintervallet 1,8—2,0 sadder i
omkring 20 cm storre férband. — Vi skola exemplifiera hur dessa uppgifter
béra utnyttjas. Om vi ha en 3o0-arig naturlig féryngring, vars jamfcrelse-
foryngring innehéller 3 o50 plantor per ha (se tab. 33), kan en plantering
1 2,0 m férband berdknas ge ett ungefdar likartat resultat, och dvensa en
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sddd i 2,0 + 0,2 = 2,2.m forband. Vi kunna diremot icke vidnda
pé saken och pasta, att om en plantering i 2,0 m férband kan godk&dnnas
och féljaktligen ocksd en sddd i 2,2 m férband, sd fordras av en god-
kannbar jamicrelseféryngring endast 2 250 plantor per ha (se tab. 33).

Vid den nu genomférda jidmférelsemetoden tas hdnsyn endast till plant-
antalet samt till féryngringarnas struktur och typ (jfr kap. IX). Den tid
som &dtgar for att uppna ett visst resultat tas didremot som
forut sagts ej i betraktande. Tillbakasittningen av en naturlig {6r-
yngrings utvecklingsstadium genom plantskogsréjning ar emellertid en vik-
tig faktor, som kan spela en betydelsefull roll vid en virdesittning av
vissa foéryngringar ur ekonomisk synpunkt. I friga om den hir studerade
typen av féryngringar synes dock utvdgen att hugga underifran foér att
dirigenom undvika tidsférlust icke ha ndmnvirda utsikter att i allminhet
leda till gynnsamma resultat. Detta framgdr skenbart ritt vil vid jim-
forelser mellan tab. 14 och tab. 20, men torde i SJalva verket vara en
fraga, som tarvar ytterligare utredning.

Jamforelsemetoden ensam utgér visserligen ej tillracklig grund fér ett eko-
nomiskt val mellan olika féryngringssiatt. Med- dess hjdlp kan dock en friga
av betydelse fér detta val viss man belysas, ndmligen fragan om féryng-
ringstidens och védntetidens lingd vid den form av f6ryngringsvard, pa
vilken metoden ifrdga grundar sig. Vi aterkomma hdrtill i det féljande.

Foryngringen pa de norrlindska granskogsmarkerna

Det visentliga syftet med denna avhandling har varit att framligga det
material och den bearbetning dirav, pa vilka vi kunna grunda ett omdoéme
om féryngringsresultatet pd de undersékta trakternas obridnda granskogs-
hyggen. De skogliga slutsatserna ha i huvudsak dragits redan tidigare (TIREN,
1945) och behéva dirfor icke i detalj upprepas hir. Efter ar 1945 har mate-
rialet emellertid delvis ombearbetats. En del smérre férandringar av 1945 ars
siffror ha dérvid uppstatt. Vi skola férst i korthet angiva dessa fordndringar.

Arealfaktorns medeltal var enligt 1945 ars bearbetning 0,77 och har dndrats
till 0,79. Héjdfaktorn har beriknats enligt en ny funktion, vars virden nigot
avvika fran den ar 1945 anvinda. Skillnaden 4r ringa. For hyggesaldern 5 ar
var héjdfaktorn ar 1945 = 0,95 mot 0,96 nu, f6r hyggesaldern 15 ar dro de
lika, och for hyggesdldern 30 ar var den &r 1945 == 0,77 mot 0,73 nu. Vikt-
index 4r oférindrat. Okningen av plantantalet frdn en plantering till dess
nirmast motsvarande Porsson-férdelning berdknades ar 1945 till 18 9, av
planteringens plantantal. Okningen har nu héjts till 25 9,. Viktindex i plan-
teringar angavs ar 1945 till 0,95. Detta virde har nu ersatts av kurvan i fig.
37, vilket dr den viktigaste olikheten. Dessa fériandringar ha till f6ljd, att for-

8. Meddel. frdn Statens skogsforskningsinstitut. Band 38: 9.
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yngringsresultatet enligt tabellerna 33 och 34 uppskattas nagot annorlunda
dn som skedde ar 1945. Skillnaden féranleder dock ingen visentlig 4dndring
av de slutsatser, som sistnimnda ar drogos av undersokningsresultaten.

Hir 4r icke platsen att avgéra vad som bor riknas som god eller néjaktig
foryngring. En diskussion av de i realiteten uppnddda féryngringsresultaten
fores dock littast med hjilp av vissa héllpunkter i detta avseende. Férden-
skull antaga vi, att en ndjaktig foryngring i de ifrdgavarande trakterna kan
erhallas upp till 200 m 6. h. genom plantering i 1,6 m férband samt att plante-
ring i glesare forband 4n 2,0 m i intet hojdlage leder till fullt godtagbart re-
sultat. De naturliga féryngringarna i denna unders6knings material bestd i
regel av bade tall och gran — genomsnittligt till ungefir lika delar — varfor
de angivna férbanden kunna betraktas som medeltal av nagot trdngre for-
band avseende ren tall och nigot vidare férband avseende ren gran. Bjérken
lamnas tills vidare utanfér diskussionen.

Under de salunda fér exemplifiering av jamforelsemetoden faststillda anta-
gandena skulle vi genom direkt jamférelse mellan siffrorna i tab. 33, kol. 1
och 3 samt tab. 34 bedéma de pa frisk mark faktiskt uppnadda féryngrings-
resultaten pa foljande sitt. Enligt tab. 33 motsvaras en plantering i 1,6 m
férband av 5 400—5 600, 1 medeltal for 15-ariga féryngringar 5 500, plan-
tor per ha i jamforelseféryngringen. Tab. 34 upplyser om att de naturliga
atervixternas jamforelseforyngringar vid en hoéjd 6ver havet av 100 m i
medeltal uppnétt detta plantantal redan innan 10 ar forflutit efter avverk-
ningen, oavsett om frétridsantalet varit, 10, 30 eller 50 st. per ha. Vid 150
m 0. h. framtrider betydelsen av ett tillrdckligt antal frétrid, i det att ater-
vixten ej kan bed6mas som néjaktig efter 10 ar, om frétradsantalet varit
sa lagt som 10 st. per ha. I detta fall fordras omkring 17 ar fér uppnaende
av 5 500 plantor i jimférelseféryngringen, medan 10 ar 4r mer 4n tillriackligt,
déd frotradsantalet dr 30 eller ddréver.

Innan vi gd vidare torde det vara ldmpligt att redogéra fér innebérden av
de bada pé sid. 113 utan ndrmare forklaringar anvinda termerna f6ryngrings-
tid och vantetid. Med féryngringstid avses hidr det antal vegetationsperio-
der, som forflyta frdn den visentliga féryngringshuggningen och till, men
icke med, den vegetationsperiod, under vilken ett visst néjaktigt eller eljest
onskvirt féryngringsresultat uppnés.

I skogsekonomiska kalkyler dr vintetiden — framfér allt vintetiden pa
naturlig féryngring — en viktig faktor. Dirmed avses tiden fran féryngrings-
huggningen till det ar, som kan betraktas som bestindets f6delsear, vilket
ir detsamma som undersokningsartalet minskat med medeldldern hos det
kvarvarande plantbestindet, under férutsittning att detta kan anses som
nojaktigt eller eljest har uppnatt 6nskvird t4thet. Sambandet mellan plant-
antal och hyggesalder dr visserligen icke linjart utan krokt i sddan riktning,
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att vintetiden blir nagot mindre #n hilften av foryngringstiden. A andra
sidan sker genom plantskogsrojningen en sinkning av bestandets medelalder,
vilket verkar i riktning mot en héjning av vintetiden. Utan annan motive-
ring 4n denna godta vi f6r tillfillet som en approximation den regeln, att
vintetiden 4r hilften av foryngringstiden.

Sélunda finna vi, att vid o0 m 6. h. féryngringstiden 4r mindre &n 10 &r
och vintetiden mindre 4n 5 ar. Vid 150 m 6. h. och 30 frotrdd eller mer giller
detsamma. Om frétrdden endast dro 10 st. per ha dr dock féryngringstiden
ca 17 ar och vintetiden 8,5 ar.

Vid en niva av 200 m 6. h. se vi av tab. 34, att under férutsittning av 30
frotrdd per ha néjaktigt foryngringsresultat uppnas efter ca 17 ar (vintetid
alltsd ca 8,5 ar), medan vid 50 frétrad per ha féryngringstiden 4r obetydligt
6ver 13 ar och vintetiden 6,5 &r. 10 frotrdd per ha ge i detta hojdlage icke
nojaktig foryngring ens efter 30 ar. For att komma ned till en féryngringstid
av 20 4r och en vintetid av 10 ar maste vi hir sidnka fordringarna pa néj-
aktig foryngring frdn ca 5500 till 4 300 plantor i jamférelseféryngringen,
d.v.s. oka forbandet fran 1,6 m till 1,8 m.

Ovanfor 200 m 6. h. sker en snabb férsimring av betingelserna fér ndjaktig
foryngring. Om vi med férbigdende av hojdliaget 250 m ga direkt till 300 m
6. h. observera vi, att 5500 plantor i jamforelseféryngringen 6ver huvud
taget ej kunna erhéllas i genomsnitt for ett stérre antal hyggestrakter. 1o
frotrdd per ha ge i detta hojdlige efter 20 ar och en vintetid alltsd av ca
10 ar ej bittre foryngringsresultat dn som motsvarar en plantering i 2,3 a
2,4 m férband. Aven om frotridsantalet ir 50 st. per ha, frambringas dér-
igenom efter en zo-arig féryngringstid ett féryngringsresultat endast motsva-
rande en plantering i ca 2,1 m férband, vilket enligt vara antaganden ej kan
godtagas som né&jaktig foryngring. Ovanfér 300 m 6. h. férsimras betingelserna
for naturlig féryngring pa de obrdnda granskogsmarkerna 4n mera, och redan
vid 350 m ge t. ex. 30 frétrdd per ha efter 2o ar ett medelresultat, som mot-
svarar en plantering i omkring 2,5 m férband. P4 medelgoda marker i detta
héjdlage kan ett sddant resultat sikerligen ej anses som tillfredsstdllande.

De slutsatser vi siledes komma till 4ro utan tvivel dgnade att ingiva all-
varliga farhdgor fér det norrldndska skogsbrukets framtid sdrskilt inom de
ofantliga skogsmarksvidder, som ligga mer dn 250 & 300 m 6. h. Sikert finnas
annu manga férbattringar att géra inom féryngringshuggningens, hyggesskot-
selns och atervixtvardens omriden, varigenom vi kunna hoppas att i fram-
tiden nd gynnsammare resultat dn vi hittills gjort. Men likvil maste vi medge,
att stora arealer skogsmark i Norrland icke &ro och icke heller kunna bringas
till god produktion av barrskog utan hjilpatgirder av olika slag. Sddana &t-
girder ha numera allmént bérjat komma i gang. Dérigenom ldgges ett tungt
ansvar pd den nuvarande skogsmannagenerationens skuldror, ty pa dess arbete
beror det i hog grad, hur Norrlands framtida virkesskérdar skola gestalta sig.
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Abridgement

On natural regeneration in unburnt cutting areas in Norrland
spruce forests

Introduction

Regeneration can be brought about with or without artifices of various kinds.
By natural regeneration is meant in this connection, the raising of a regen-
eration without any artifices in the form of seeding, planting, ripping of the soil,
burning or other measures for the preparation of the ground. Removal of timber
and waste from a cutting area, however, is regarded as a measure normally be-
longing to the methodics of natural regeneration.

‘When it comes to taking a position to the question of how regeneration is most
suitably realized, a knowledge of the biological possibilities of the various regen-
eration methods is of basic importance. The eventual economic decision will have
to be founded on this knowledge. Our knowledge of the biological possibilities of
regeneration are imperfect in many respects, however, both as regards natural
regeneration and artificial forestation and as regards intermediate methods. In
view of this, the following report on a regeneration investigation carried out at
the forest department of the forest research institute of Sweden, chiefly during the
years 1939—1942, should be of interest as it makes it possible to elucidate certain
sides of the problem of natural regeneration in Norrland. The investigation was
restricted to unburnt cutting areas in spruce forest or in slightly pine-mixed spruce
forest within the provinces of Viasterbotten, Vasternorrland and parts of Jamtland.
A few of the most essential results have previously been put forth in a paper read
at the 1945 forest week and published in Meddelanden frdn statens skogsforsk-
ningsinstitut, Serien uppsatser nr 2, off-print from Svenska Skogsvardsféreningens
Tidskrift nr 2, 1945.

I. Chief outlines of the planning and execution of the investigation

On account of the rapidly proceeding logging of the old spruce forests in Norr-
land it was considered important when the investigation started, to reach as soon
as possible an understanding of the prospects of its natural regeneration. For
this reason the investigation is based on observation of the number of plants in
already extant cutting areas of otherwise different ages and qualities. In this case
the sampling of the material is an one-time job that can be concluded comparatively
fast. The more complete solution of the problem, which could with certainty be
attained through the observation of gradual changes of the plant result in per-
manent sample plots, would demand considerably more time and was therefore
out of the question.
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The “‘static’’ method of work thus applied here, implies briefly for this investi-
gation the following. The young growth is observed in a number of sample plots,
distributed on cutting areas of varying qualities. The planting result is influenced
by a number of circumstances such as e.g. height above sea level, number of
years elapsed since the cutting, number of seed trees surrounding the plots, close-
ness to edge of forest, vegetation type etc. These different qualities should there-
fore also be observed in each individual sample plot. It is our aim to find, with
the help of the investigation material, the relation between the planting result
— the dependent variable — and the other factors — the independent vari-
ables. When we have found such a relation, which can then be expressed more or less
perfectly in the form of an equation, it can be used to calculate the probable plant-
ing result for an arbitrarily chosen combination of independent variables. Should
this calculation have prospects of being correct, however, special demands have
to be put on the material on which it is based.

An essential condition is that the composition of the material is not distorted
through a subjective selection of better or worse regenerations. No guarantee for
freedom from subjectivity that could stand a critical scrutiny, can be given in
the present case. It is the opinion of the author, however, that the selection pos-
sibilities have been very restricted.

On account of the scarcity of material fulfilling certain wishes stated more
closely hereinafter, almost all cutting areas have actually been used that met
certain formal demands as to the independent variables. Of course this does
not guarantee that the material forms a random sample representative for the
area of investigation, but on the other hand it is extremely improbable that the
quality of the material with regard to regeneration has shifted systematically in
some direction able to be indicated in advance. — Another important demand is,
that no external changes important to the regeneration have taken place in or
near the sample plots after the regeneration cutting took place. This is understood
from the fact that the regeneration extant in the plot is considered as the result
of certain conditions existing in the cutting area at the moment of investiga-
tion. Therefore it should be of importance that these conditions have not been
changed in essential respects after the cutting was done. For instance seed trees
and cull forest should not have been removed, forest borders not changed, etc.
‘When sampling material the greatest importance has been attached to the satis-
factory fulfilment of this demand. In some respects it could not be completely
fulfilled. Thus the number of seed trees is e. g. normally reduced through repeated
stormfalls during the cutting period and through other causes. No regard could
be taken to this loss of seed trees, but it can be proved that its influence has not
been of any great importance.

Disbelief in the possibilities of natural regeneration is undoubtedly greatest,
as regards the raw humus spruce forests at high altitudes. An essential part of
the investigation material has therefore been concentrated on the levels over 400
m above sea level. As we are looking for relations that can be described mathe-
matically, however, much material had to be taken from lower levels above sea.
The height line of 100 metres has in this case been accepted as the lower line of
limitation.

The sampling of material offered much greater difficulties than was expected. |
These last few decades fellings have proceeded at a great pace. Older cutting areas
have in the process been widened to a great extent, have been marked anew or re-
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forested and thus been made unsuitable for this investigation. As mentioned before
the scarcity of suitable objects for investigation thus made itself felt to a certain
extent. Ideas concerning the execution of regeneration felling, prevalent at various
times also put their mark on the material of course. In order to illustrate the
variation in this respect we shall give a short recapitulation of the outlines of the
development.

Cuttings expressly aiming at regeneration were not applied to governmental
forests until 1902 and then in the form of group selection cutting. This type of
cutting did hardly attain an extensive range until HOLMGREN’s (1914) coulisse
cutting method appeared. For some time it was extensively used in overaged
spruce forests. This was a method of cutting which, besides promising regeneration,
also liberated the executor from the anxiety he felt with greater or less cause
about the threat of spruce drying and stormfall. The hopes raised by the coulisse
cutting method were not fulfilled completely, but its underlying principle — a
more or less complete baring of the ground — remained in the modified types of
regeneration cutting that were applied in subsequent years. HESSELMAN (1916—
1917) propounded in a well known treatise the importance of nitrogen transfor-
mation in the humus cover for the growth and “‘comfort’ of the plants and showed
that clear cutting promoted nitrogen mobilization. This lent great support to the
method of cutting.

‘What characterizes the clear cutting method is in the first place, the aim in
a short time to found anew regeneration. Small, promising plants originating
from the cut stand can of course be left in the cutting, but in that case they re-
present a deviation from the principle rather. Very early, a cutting method was
applied, however, — especially by Mo och Domsjé Aktiebolag — aiming at found-
ing the regeneration to a high extent on the plant material already extant in
the old forest at the moment of cutting. Supported by release cutting and
draining this method could yield good results in favourable cases.

In the case of coulisse cutting and other forms of compartment cutting the
forester has to see to the seeding of the cutting area. This could be done in two
ways, often combined, viz. by limiting the size of the cutting, which
should afford seeding from surrounding forest borders and by standing seed
trees. Originally only the standing of pines as seed trees was recommended.
The removal of unmarketable cull forest, which should be carried out on principle
in the system of compartment cutting, was often omitted, however, the sequel of
which was, that the cutting areas at times looked like worthless lacerated stands.
During the 1920-ies and 30-ies, however, the interest for removal of cull trees from
cutting areas increased and these measures were gradually applied more and more.
In many places the pine, sparsely represented in the spruce forest, had been re-
moved at previous dimension markings orat the very compartment system marking.
As experience had taught that good small dimensions of spruce could survive
and grow green in the cuttings, the custom became prevalent to leave such “‘seed-
carriers’” as seed trees.

A very great number of small dimensions were often left in the cuttings, on
account of which these actually came to occupy an intermediate position between
cutting area and stands of the cull-tree type. The character of a stand was the
more accented as several good, marketable dimensions were left not so seldom.
This type of cutting was very common in the Norrland spruce forests in the be-
ginning of the 1940-ies. Their origination can hardly be fixed to a definite period,
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as a matter of fact they seem to have originated during the whole period mentioned
here, but not the least during the 1930-ies. Without doubt production viewpoints
have consciously or unconsciously influenced this type of cutting. In many of
the cases denoted it is obvious that cutting has been carried out. without full
consciousness of the demands for either regeneration cutting or for thinning.
Thus these camouflaged cuttings greatly contribute to the impression of a bad
state which the Norrland spruce forest blocks offer in many places.

‘When sampling material for this investigation it has been our aim to attain a
good distribution of the cutting areas on height levels, numbers of years elapsed
since the cutting (= cuttings ages) and vegetation types as well as quality with
regard to the existence of seed trees, cull forest, etc. We have succeeded in some
parts. Thus the distribution on height levels and years after cutting is extremely
good. Of vegetation types, the common Vaccinium type with or without Dryopteris
or other low herbs is most richly represented and next the swamp moss types
and their transitionary forms to ordinary healthy forest land. The high herb
types on the other hand are more weakly represented, depending on the easily
understandable aversion that has been shown against making cuttings on this
type of ground.

For reasons mentioned above the distribution of the cutting areas as to forest
type suffers from a considerable one-sidedness. Thus totally clear-cut areas and
even cuttings with a considerable number of good seed-trees of larger diameters are
quite sparsely represented. A satisfactory variation of the extent of the cutting
areas could not be attained, above all because the edges of the cutting areas were
often undefinable besides which very small areas were practically lacking. Conse-
quently the cutting area cannot be included as a special independent variable,

Certain data on the composition of the material are given in Table 1. Corres-
ponding data in Table 2 refer chiefly to planted stands investigated for purposes
stated later on.

Technically the investigation has been conducted as follows. The area chosen
for investigation was marked on the ground. When possible that whole part of
the cutting area was included, which could not have been influenced by changes
having arisen during the existence of the cutting in its surroundings. In each
cutting not totally surrounded by older cutting areas, one or more essentially
virgin forest borders should be found. In those cases where the cutting area could
on account of its size or uncertainty about the borders not be investigated in its
entirety, the forest border or the angle between two meeting forest borders was
always the starting point. A sketch map was drawn up by the leader of the investi-
gation and on this map all vegetation types occurring were plotted and named.
Thus they have always been judged by the same person. Subsequently the compart-
ment was appraised with the aid of circular sample plots with a radius of 1.4
metres, plotted in regular spacing to the number of abt 25 per compartment.
The collected material comprises 3,075 such sample plots distributed on 132
cutting areas. In the sample plots all plants were counted and registered, classifi-
cation being carried out in several different respects.

Round each sample plot a so called “‘cull tree plot” of 5 m radius was plotted
and also a so called ‘‘seed tree plot’’ with a radius of 25 metres. In the former the
occurrence of all kinds of forest was observed which was measured and registered.
In the latter the occurrence of all kinds of seed trees was noted. Each sample
plot was noted on a map, drawn up in connection with the assessment. Also the
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specially described forest borders were marked on the map. For each individual
plot a ground description was made out with appurtenant measurings, and notes
were made about the plants occurring.

The size of the sample plots and their number in each cutting area were decided
through a compromise. From the standpoint of representation it is advantageous
to have many small sample plots, besides giving a slightly smaller standard error
for the same assessed area than larger plots. On the other hand the descriptive and
measuring work increase considerably in proportion to the number of plots. A
plot area of 6.16 m? (= a circle area with a 1.4 radius) and a number of 25 plots
per cutting area was accepted with regard to the above mentioned points of view
as being a feasible middle course.

II. Measurements and observations carried out

All measurements and observations have been based on conditions prevailing
at the moment of investigation. A great part of the observations carried out will
not be closely treated in this paper, on account of which these and also ordinary
routine measurements will not receive detailed treatment hereinafter. For certain
observations further explanations are given below.

Cuttings performed

The date and method of performed cuttings were noted. In doing so the chief
accent was put upon the essential regeneration cutting and subsequent removals.
The age of the cutting has been noted as the number of summers from the
summer immediately after the essential regeneration cutting up to and including
the summer immediately before the summer of the investigation. Thus the sum-
mer last mentioned is not included in the age of the cutting.

Plants and trees
The plants have been divided into two main groups, viz. those originating:

1. Before the regeneration cutting.
2. After » » »

Both these groups return regularly in the following description on account of
which it is advantageous to have special names for them. Thus the former group is
called “‘stand regeneration” and the latter “new regeneration”. Both
groups can be distinguished from each other through counting the annual rings
or the terminal shoots. Thus the limit between stand and new regeneration could
be defined as closely as about a year or so.

As a matter of course all new regeneration is counted among plants or regen-
eration. Added are some of the plants that have originated before the logging.
Our aim has been to count among ‘“‘plants’’ the part of them having attained a
maximum height of 2 metres when cutting took place. It was considered to imply
unreasonable consumption of time, to assess this limit by boring at 2 metres in
each individual case. The leader of the investigation therefore examined the
present height of some borderline cases in each individual cutting where this was
necessary. At the subsequent assessment all individuals were counted among
plants that reached at the highest the maximum height limit thus indicated by
the leader. 2 metres added to the maximum height of the new regeneration often
proved to be a suitable limit.



124 o LARS TIREN ' 38: 9

Vegetation type

The division into vegetation types is based on purely floristic observations
on the composition of the ground vegetation. It was necessary to presuppose
from the beginning that the inclination to regeneration could vary in different
vegetation types. It was consequently desirable for the sake of application to use
the same vegetation type scheme in the cutting as in the uncut stand and moreover
the type scheme should be of such a nature that it gave the same result either
assessment took place in one spot or the other.

It could not be decided beforehand how such a scheme ought to be. The vege-
tation in each individual sample plot was described therefore, thus creating a
possibility of examining the influence, if any, of the composition of the vegetation
Besides a simple type scheme was used on trial, which very soon proved to be
very useful and therefore was applied during the continued investigation. It had
the following aspect.

Vegetation type scheme
Lichen type
Lichen type with forest mosses
Forest moss type poor in herbs
Forest moss type rich in herbs
Forest moss type poor in herbs with elements of swamp mosses
» » » rich » » » » » » »

Swamp moss type poor in herbs

» » rich » »

IR

Within the types 4, 6 and 8, the most luxurious variants were sorted out as
special high herb types.

In the above scheme are principally denoted by:

Lichens: Cladina rangiferina and silvatica, Stevocaulon pascale, Cetraria islandica.
Forest mosses: Hylocomia, Dicvana, Ctenium cvista castvensis.

- Swamp mosses: Sphagna, Polytrichum commune.
Herbs: Aconitum, Mulgedium, Filipendula, Valeviana (= special high herbs),
Dryopteris limnéana and phegopteris, Gevanium, Anemone, Cornus, Oxalis, Majan-
themum.

When fixing types according to the scheme vegetation type with elements of
swamp mosses has been considered to exist, when the swamp mosses played a clearly
tangible role in the vegetation. Sporadic occurrence has been left without regard.
Of the swamp moss types it has been demanded that the swamp mosses played
a prominent or dominating role. The denotion rich in herbs finally has been
based on individual (but not sporadic) or richer occurrence of one or several of
the pilot herbs mentioned. .

On the whole the formulation *‘clearly tangible role” corresponds to the covering
degrees isolated-scattered (!/;4—abt !/,) according to the HULT-SERNANDER scale
and ‘‘prominent or dominating role’’ to the covering degrees abundant-plentiful
(/4—1). In certain cases the vegetation in the cuttings as a whole recedes strongly
so that large areas become vegetationless, in other cases certain types of plants
spread, e. g. Aiva, Epilobium, high herbs, extraordinarily well so that they
oust other kinds. Therefore the boundaries between various vegetation types
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could from the beginning not be fixed according to certain covering degrees but
had to be given in general terms rather, pending the result of a detailed analysis
the observation material could give.

An idea of the influence of the type scheme when comparing between cutting
area and stand can be had from Table 3. In those cases where on topographic
grounds it could be supposed with certainty that the same groundcontinued
from a dense stand into the cutting area, a vegetation description was made up
within a limited area on either side of the edge of the cutting some distance into
the cutting and the stand resp. Generally a very good conformity is shown to
exist between the occurrence of the type plants in-the cutting area and in the
stand. It is found, however, that on account of its general occurrence among most
types of vegetation, Polytrichum commune plays an inferior rdle as type plant
and that it should in this respect be second to Sphagnum. This fact was obser-
ved at an early stage and thus no great importance was attached to Polytrichum
when classifying ground into the vegetation type with swamp mosses.

The investigation carried out has shown-that the type scheme
will to a very high degree meet the demand so important in this
connection i.e. essentially to give a uniform result whether applied
to old or young cuttings or to uncut forest.

Seed tree plots

As mentioned before a circular plot with a 25 m radius was plotted round the
centre of each sample plot, within which all pine, spruce, birch and aspen trees
capable of producing seed were counted. In older regenerations it happens some-
times that a few plants have a certain slight capacity of cone setting. These plants
have not been counted as seed trees. Their influence on the regeneration if any
is accounted for by the cutting age.

Cull tree plots

‘Within an area with 5 m radius round the centre of each sample plot, the number
of trees of all woods were counted. Besides, the diameter, height, age, crown quality,
terminal shoots, mean crown radius and the width of the 5 last annual rings were
measured, The trees assessed as being i:apable of producing seed were marked
differently from the rest.

Forest borders etc.

The situation and direction of the forest borders in relation to the various
sample plots appear from the map made out for each compartment investigated.
From the map can be seen i.a. the distance from the individual sample plots to
the nearest forest border. Certain notes have been made about the qualities of
the various borders, which are not touched upon here.

The vegistration of plants

Within each sample plot the number of plants of all woods occurring, both
living and dead were counted.
The plants were divided into three classes according to the following scheme.
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Classification of plants

a = faultless
b = seriously injured
¢ = dead

The denotation ‘b implies only serious injuries probably detrimental to the
future development of the plant, and caused by fungi or insects and injuries of
other types having caused serious top damages or stem damages (such as stag-
headedness, heavy top ruptures and bayonet shapes, serious stem damages, etc.).
General inferiority or poor growth on the other hand do not incur the denotation
“b” (vide below). Neither do slight attacks of snow blight. But rot is always cal-
culated among the serious damages (vide below).

Rot-damaged plants are denoted by an index-figure added at the top of the
b-denotation:

b = rot to !/, of the radius at the root,
b? = » from !/, to ®/, of the radius at the root,
b= » » 3/, of the radius at the root,

or corresponding rot-infested area of cross section. If two or more different damages
are found in the same individual, of which one is rot, the b-denotation is given
twice, with the rot-index added to the second one. The b-denotation and the
rotindex are combined when calculating the weight index (Page 129).

To this purpose the plants were divided into type classes in accordance with
the following scheme:

Type classes of plants

Main types

#n = plants whose crown development is subjectively deemed normal (of or-
dinary type) and well proportioned

v = plants seeming broad-crowned, in which case
v — denotes slightly broad-crowned
v » » »
v+ » pronouncedly broad-crowned

s = plants seeming narrow-crowned

= plants whose crown development seems stunted or deficient.

Subtypes

g = stout-limbed individual. Combined with main type.

d = individual deformed or with abnormal growth caused by external damage
(such as grazing, stem or branch rupture, snow pressure, defects due to
felling, trampling etc. and knees caused by such injuries, many-branched-
ness and other growths, forked terminals and other faults of that nature).
If the individual has been classified in the class & on account of such a de-
formation and has no additional deformation or abnormal growth, the
denotation ““d” is put between brackets. .
Combined with main type.
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¢t = individual deformed or with abnormal growth through other causes than
direct external injuries (e. g. suppression).
Combined with main type. :

k = individual forked or fork-stemmed. When feasible (= furcation under 20
cm from ground and each stem having the character of an individual plant
or stem) such individuals are counted as a separate plant each, whose con-
nection is denoted by a bracket. No k-denotation necessary in this case.
Otherwise the denotation % is used. A single & denotes furcation over 20 cm
above ground and implies that the plant is considered as one individual.
Bundles of stump sprouts or suckers are also denoted by %, the number
of essential sprouts being counted and noted. All measurements (cf below)
are carried out on a sprout of medium size. If the furcation has been caused
by exterior injuries e. g. grazing, necessitating the denotation d, the denotation
k is added within brackets. The qualification for the denotation %Z has been
that the various stems show a totally clear stem character and a tendency
to develop into independent plants or stems. For a shrubby, many-branched
form of growth the denotation 4 is used inasfar as exterior injury can be
considered the cause, otherwise v is used. The k-denotation is combined
with main type.

All damages or deformations caused through grazing or trampling through
grazing have been specially mentioned.

Moreover each plant has been classified into ‘‘degrees of vigour” by the addition
of a vigour index. At the right top of the type denotations #, v, s and f was
added an index figure, where the indexes denoted:

1 = vigorous plants with satisfactory terminals and healthy colour,
2 = plants of mediocre vigour,
3 = poorly developed or declining plants with poor terminals and unhealthy colour.

Effect of the classifications

As the height, the crown radius (= the mean, including the shoot of the
year of investigation, of 4 crown radii at right angles to each other of which
one is the largest), the diameter of the thickest branch at the stem and the lengths
of the three last terminals (the terminal shoot of the year of investigation uncount-
ed) for all conifer seedlings and the majority of birches have been measured,
it can be established objectively in essential points how the classification has
worked. Through multiple correlation of objectively selected parts of the material
the mean crown radius of pine, spruce and birch have thus been calculated for
various plant heights and main types. Besides the thickness of the thickest branch
of the crown has been calculated for pine and spruce seedlings of different heights
having received the denotation g. .

The mean crown radius of pine. Computation yielded a function of the
following form:

y=14+x@+cl)+22bFdl)................. (1)
in which:

y = the mean crown radius in cm,
x = height of plant in metres,
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I = index for plant type. When the function is used the index is to be given the

following values, viz. for main type:

s = -—0.404
n = -—0.195
v — = -+ 0.290
v = + 0481
v+ = 4 0.987
The constants a, b, ¢ and d have the following values:
a = + 30.008 + 0.488 (= 1.63%)!
b=— 2,468 4 0139 (= 5.64 %)
¢ = + 20.032 4 1.691 (= 8.44 %)
d=— 2.174 + o450 (= 20.71 %)

Through the correlation, the standard deviation (s.d.) s, of the mean crown

Yy

radius about the total mean value of the material has been reduced to the value

S, being 19 % of s,,.

The function has been calculated for certain plant heights in Table 4.
The mean crown radius of spruce. A function of the same form (1) was
obtained for spruce, in which, however, the type index I has to be given the fol-

lowing values, viz. for main type:

s = —0.592
nand f = — 0.342
v—= - 0.076
v = -+ 0.234
v+ = 4 o.560
The constants for spruce have the following values:
a = 4+ 39.292 4 0.336 (= 0.86 %)
b =-— 4199 4 0.098 (= 2.33 %)
¢ = + 25.969 4 1.206 (= 4.64 %)
d =— 3.407 4 0.377 (= 11.07 %)

After correlation the s. d. S, is 24 % of s,
for certain plant heights in Table 5.

The function has been calculated

The mean crown radius of birch. For birch also a function of the form (1)

was obtained with index I for:
s = —o0.369

nand f = ——0.178

v— = - 0.330

v = + 0.684
v+ = 1.008

The constants for birch have the values:

a = + 23.996 + 0.357
b =— 1.498 4 0.087
¢ = 4 17.438 4 0.879
d = — 0.829 4+ 0.166

(= 1.49 %)
(= 5.82%)
(= 5.04 %)
(= 20.03 %)

1 The percental standard errors of the constants are given in brackets.
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After correlation the s. d. S, is 26 % of s,.

The function has been calculated for certain plant heights in Table 6.

The diameter of the thickest branch of the crown of those plants that were
given the denotation g in field work, has been further examined only for pine and
spruce as the denotation g occurred very seldom in birch.

Thickest pine branch. The following function was obtained:

in which y = diameter in millimetres of the thickest branch, measured at the
stem,
» = the height of the plant in metres.

The constants have the following values: :
a =+ 9.258 4 0.641 (= 6.93 %)
b = + 3.386 4 0.200 (= 5.89 %)
S, is 51 % of s,

Thickest spruce branch. Spruce proved to demand the following function:
Yy=a -+ by F ¥ .. e (3)
in which y and » have the same meaning as above in (2).

The constant values are:
a = + 10.128 4- 0.755 (= 7.46 %)
b=+ 3.103 + 0423 (= 13.61 %)
¢ = — 0.107 4- 0.041 (= 38.48 %)
S, is 54 % of s,
The function (2) and (3) have been calculated for certain plant heights in Table 7.

Weight index

The various class and type arrangements of the plants have chiefly aimed at
affording an unprejudiced conclusion as to the quality of the plants. For practical
reasons it is desirable to express this conclusive assessment in one single figure,
here named weight index.

As it is unsuitable to tag the plants with such an index figure during actual
field work, on account of the risks of subjective influences, a series of index figures
has been worked out in camera at the conclusion of the investigation and based on
the class and type denotations. In doing so the scale has been adjusted thus, that
fully faultless plants have been given the index 1.0, while the lowest index given
to the worst and most damaged plants is o.1. By means of the weight index the
plants are thus graded according to a 10-degree scale comprising all assessments
of the plants. It appears from Table 8 how the weight index has been adjusted
with regard to plant class, plant type with subtypes and vigour index. The scale
has been obtained by assigning certain multiplication factors that were deemed
reasonable, to the various plant qualities. For plants simultaneously having two
or several qualities, the type index has been obtained by multiplication of the
individual factors at each step rounding to the nearest tenth. By putting the
type denotations within brackets during field work, when necessary it could be
avoided that the same quality entered more than once into the index calculations.

9— Medd. frin skogsforskningsinstitutet.4Band 38:9.
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At the correlations carried out in Chapter VIII the mean weight index for the
plants belonging to a certain vegetation type within a certain cutting area has
been calculated through weighing with the plant height, thus mean weight index
I = Z(h-1))/3 %, inwhich 2 = height of plant and I, = the weight index of the
individual plants.

Fuvther obsevvations

Among further observations and measurings can be mentioned: height above.
sea-level, latitude, general direction and degree of slope, occurrence of forest fires,
description of soil including degree of moisture in which case regard was taken to
the physical quality of the mineral soil, to the plants and to the directly observable
presence of water, the thickness of the humus cover, division of layers and struc-
tural qualities, humification index, soil profile type, geological substratum. Besides
observations have been made on the ground cover, its division into layers, quality
and composition of various kinds of plants.

III. Orientation in the method of investigation, the variables and
the calculation

On the limitation of the investigation method

From the material we get knowledge of the amount and quality of regeneration
in a great number of cutting compartments on various kinds of ground, various
height levels and of different ages and forest types. Our principal task is, with
the help of these data, to create the possibility of assessing the mean value of the
regeneration result for cutting compartments characterized by an arbitrary,
but conceivable, combination of observed qualities. This work implies a smoothing
and interpolation procedure, at which the correlation analytic methods are of
the greatest value. .

Let us formulate the following question: What was the most probable regen-
eration result in a cutting of such and such quality within the area of investigation?
Through an interpolation in the material suitably performed, an indubitable
answer to this question may be obtained. Of course the answer may appear more
or less insufficient and uncertain, due to flaws in the representation, to our inability
correctly to characterize a cutting and to the extent of our demands, but need
not otherwise be marked with restricting reservations.

The conditions become quite different if we put a question of the following
form: What is the most probable regeneration result that can in the future be
expected from a cutting area cut at the moment and of such and such quality?
It’s easily seen what the change is. The problem here is not to establish what
regeneration result has actually been achieved under certain conditions, but to
predict what result will probably be obtained under the same conditions. A
number of variables important for the regeneration result such as e. g. the climate,
seed formation and its periods, the quality of the seed trees, the general intensive-
ness of silviculture, etc., however, could either not be assessed with the necessary
accurateness or were not observed for other reasons. Concerning such factors it
is generally assumed at the statical investigation that they are at their mean
values for the investigation period. When precalculating the future regeneration
result one has to assume that these factors will keep the same unknown mean
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values. In many cases such an assumption can be made on good grounds. On the
other hand it is known that certain factors are subject to variations, both sudden
and gradual, which do not permit of too definite assessments of their mean values
for a certain future period. The assessments for distant periods will of course be
very insecure. On account of the statical method of investigations these difficulties
cannot be entirely avoided. Still questions of the kind propounded here need not
be rejected for this reason. By restricting the time of prognosis it should be possible,
to derive satisfactory guidance from the results of the static investigation, also
for the assessment of future development tendencies of the regeneration at least
for the nearest future.

‘We shall now give a brief treatment of questions connected with the selection
of variables at the regeneration investigation.

On the selection of variables at the vegemevation investigation

It would be a great advantage of course, if one could, when characterizing
a locality from the point of view of regeneration, measure the very qualities of
the locality that are directly and immediately connected with the result of the
regeneration. For several reasons, however, the possibilities of doing so are extremely
restricted. As a matter of fact we know that the regeneration result is essentially
dependent on conditions prevailing as to:

Abundance of seeding.

Germination and the capability of development of the plants dur-
ing the first few years.

The subsequent growth capacity.

In each of the three cases we find processes the course of which is subject to
a complicated interaction of a number of isolated, more or less primary factors.
In many cases we have only a rudimentary knowledge of what these factors are
and in almost all cases we meet almost insurpassable difficulties in measuring on
a large scale and under field conditions the factors we know. Moreover the selection
of variables is limited by the investigation method itself which does not permit of
an assessment of the mean value of those variables that change gradually with
time.

In consequence of these circumstances it has seemed that a selection of certain
easily and with certainty assessable independent variables offered the only
now feasible way. These variables, however, can only partly be calculated to
stand in an immediate causal connection with the regeneration result and can
thus only imperfectly reflect the regeneration conditions in isolated localities.
The consequence is that the aim of the investigation should be
directed at a broad description of the characteristic qualities of
the regeneration. When selecting the variables, the general knowledge of
regeneration conditions in spruce forests obtained through the combined activity
of many scholars and foresters and the knowledge of details obtained through
sampling the material, have served as a guidance as well as the conceptions of
causal connection and interaction that it has been possible to derive from them.
Only the independent variables, which according to the correlation calculations
proved to be essentially important to the regeneration result, have been main-
tained in the functions for this arrangement. They include all or for certain woods
some of the following characters: Height above sea-level, age of cutting, number
of seed trees in the surrounding of the sample plot and vegetation type.
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Also with regard to the dependent variable — the regeneration result — we
meet difficulties. As was the case with the dependent variables they are connected
rather with the practical execution of the assessment than the principal side
of the problem. As a matter of fact most responsible people will admit unreservedly
that the result of natural regeneration in an economic forest utilization is justly
measured by the soil value at the beginning of the regeneration period provided
that the best possible silviculture is performed. At present, however, the soil
value cannot be used as a criterion of individual regeneration results. The know-
ledge of the future value production of various reproductions is too insufficient
and undiversified still. For practical reasons moreover, production investigations
have to be based on a comparatively advanced starting point which entails special
difficulties when assessing young reproductions.

Therefore the regeneration result has in this investigation been described by
denoting a few essential main features of the reproductions considered as popu-
lations of a number of individuals different as to size and qualities. In addition
trials have been made to combine the various features into one single comparison
figure aiming at offering a simplified, perspicuous description of the general condi-
tion of the regeneration.

Before treating the details of the investigation more closely, the practical exe-
cution of the arrangement will be briefly mentioned.

The practical execution of the arrangement

For the import of the correlation analysis the swedish reader is referred to
works by professor HENRIK PETTERSON (1932, 1934, 1937) and professor MANFRED
NASLUND (1935, 1940, 1942, 1947). The technical procedure for constant and error
calculations is treated in a great number of textbooks, of which the following
have been of great importance to this investigation, viz. WHITTAKER and Ro-
BINSON (1926), HELMERT (1924), FISHER (1928), and BoNNIER and TEDIN (1940).

The original intention was to make each individual sample plot enter as an ele-
ment into the calculations, which were to be carried out by the aid of punch-card ma-
chines. At the moment when the arrangement had to take place, however, the author
could not dispose of the required machines on account of which all calculations
had to be carried out with ordinary calculating machines. All important calculations
were performed twice, each time by different persons. Besides measures were
taken aiming at the reduction of labour consumption and at the facilitation of
a survey of the material. Due to the circumstances the latter point of view was
of the utmost importance, i.e. the systematic inspection of the material that
could have been made possible through the punch-card machines, had to be largely
reduced and to be substituted to a great extent by a detailed study of graphically
represented partial regression functions. I.a. the mean values of all important
primary data were calculated. These mean values concerned the group of sample
plots belonging to a definite vegetation type and a definite cutting compartment.
Thus the number of elements was considerably reduced. The data were subse-
quently noted on special cards on account of which division into groups and
sorting could be done comparatively easy by hand.

The work was then chiefly continued on the following lines. The material was
first sorted preliminarily according to the height above sea level into the groups
100—199, 200—299 etc. metres above sea level. Each such group was then divided
into sub-groups according to the age of cutting, viz. the groups 1—4, 5—9, 10—14
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etc. years. Within the sub-groups thus obtained additional group divisions were
carried out e. g. according to the number of seed trees in the seed tree plot or the
cull tree plot, the distance from the forest borders, latitude, direction of slope etc.
In this material, limited as to size, the division into groups could not comprise
more than three variables at the time. The remaining variables, however, could
within large sections of the material be investigated thus that one of them was
selected for investigation while the extreme values for the others were sorted out.

After calculation of the mean values in the sub-groups, rough representations
of the various partial regression functions were made. These representations
yielded the required guidance for the assessment of the form of the partial
regression lines and the character of the function that could be expected to re-
present same in a satisfactory manner.

These investigations led to the understanding that most partial regressions
could apparently be best represented through bent curves, sometimes with double
bends and inflection points, sometimes with a culmination point or asymptote.
In general therefore, the regression functions are comparatively complicated. As
could be expected, it appeared besides, that the variables often were strongly
“‘coupled” i.e. the trend of a certain partial regression often depended on what
constant values one or several other variables had. These ‘“‘interactions’ between
different variables are often of great importance and as a matter of fact strongly
contribute to the difficulties of correlation analytical arrangement.

IV. Investigations concerning the number of plants

In this chapter the functions and partial associations derived for the description
of the number of plants are treated, after which the significance of the different
variables for the number of plants is briefly discussed against the background of
the function results.

The denotations used have the following meaning:

y = dependent variable, in this chapter = the number of plants in a circular
sample plot with a 1.4 m radius, area 6.1575 m? For conversion to the num-
ber of plants per hectare y is multiplied by 1,624.

#, 2 = independent variables.

H = the height above sea level in metres.

A = age of cutting in years.

F = number of seed trees in a circular sample plot with a 25 m radius, area
0.1963 hectare. For conversion to number of seed trees per hectare multiply

F by 5.09.
I = index for vegetation type.
yp = the value of a dependent variable calculated with the aid of a certain
function. .
s, = the standard deviation of the dependent variable about its total mean.
S, = the standard deviation of the dependent variable about the regression.

L = lichen type.

LF = lichen type with forest mosses.

F; = forest moss type poor in herbs.

F, = forest moss type rich in herbs.

* FS, = forest moss type with swamp moss elements poor in herbs.
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FS, = forest moss type with swamp moss elements rich in herbs.
S, = swamp moss type poor .in herbs.
S, = swamp moss type rich in herbs.

New regenevation of conifevous plants

The following function was obtained for the number of coniferous plants origi-
nated after the regeneration cutting:

Y = 10.7133 ¥; + 10.0054 ¥3 + 0.52I9 X5 .uuverneenenn... (4)
The independent variables have the following denotation.

AN\ _p1a(H)?
x; = log (I -+ 0.6 —)e 0'14(100)

10
Ny = X 2

H
5 — F 0067 F— o.ss(ﬁﬁ)
% =ITyg
Y = 10.0029 ¥; + I1.0235 ¥,
I = type index, to enter with the following values, viz. for:
(L and LF = — 0.7988, only very few plots)
F; and F, = — 0.0259

FSf, FS,, Sf and S, = + 0.7506
With the guidance of these data the function is conversed to the easier form:
y = # [10.7133 + 5.2205 ] + # (10.9054 + 3.7532 1] ............. (5)

The function #; has been tabulated for various values of 4 and H in table o,
and the function z can be found calculated for different values of H and F in
table 10.

In the function (4) used at the correlation, the constants have the following
standard errors:

Constant Standard error Ditoin %

10.7133 1.1747 10.96
10.9054 1.1744 10.77
0.521I9 0.1496 28.66

The original s. d. of y was s, = 8.346 plants per plot. Through the correlation
it has been reduced to S, = 5.841 or to 69.99 % of s,. At this calculation regard
has been taken to all degrees of freedom ‘“‘consumed’ through constants and index
values. The multiple correlation coefficient has the value o.72, which indicates a
comparatively strong relationship between y and the independent variables. In
Table 14 the number of new regeneration plants per hectare of ordinary healthy
ground has been calculated for certain values of H, A4 and F.

The question of the dependability of the function should appropriately be
discussed as follows. We should remember then, that the elements of the material
consist of the means for a varying number of sample plots within the special
vegetation types in the different cuttings. Consequently we can calculate the s. d.
of the sample plots about the mean of each individual vegetation type in each
individual cutting. We call this s. d. s; being an assessment of the corresponding
theoretical value g;. The calculation of s; is carried through in the various groups
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of vegetation types for which the yg-value calculated with the help of (4) falls
between the limits o—o0.99, 1.00—1.99, 2.00—2.99, 3.00—3.99, 4.00—5.99 and
6.00 and higher. For every such yg-group a mean value of s; is thus obtained.

A corresponding calculation is also made for the s. d. about the regression of
the means of the vegetation types (elements). We denote the assessment of the
s. d. of the individual plot about the regression, obtained from this, by s,. The
mean, value of s, * for the total material is S,? as is previously known.

We are now interested in finding out the theoretic s. d. ¢, which is caused
exclusively by the deviation of the type means from the regression, which we can
at present consider as established with certainty. As the number of plots within
each vegetation type is usually different, an average number of plots is first
calculated for each y, group. If % denotes the number of vegetation types and %
the number of plots within the various vegetation types, the mean number of

k2
plots for a certain y,-group is obtained from the formula 2, = 5 ! (Zk — gk )
—1

Subsequently we receive as an assessment of ¢,% the expression (s,2— s;%)/kg
(cf SNEDECOR, 1946, page 232 ff). The final result of the calculations is recapitu-
lated in Table 11.

The table shows that the s. d. of the plots about the regression (s,) is different
in different parts of it and that absolutely measured it increases with an increased
calculated mean number of plants per plot. Also the s. d. (s;) within the vegetation
types increases with an increased number of plants. The assessed value of the vege-
tation type mean’s theoretic s. d. (¢,,) about the regression increases too, although
a low value has incidentally been obtained for the group most rich in plants.
From the lowest line of the table it appears that the quotient ¢, /m on the other
hand decreases in proportion to increasing richness in plants i. e. the s. d. expressed
in percents of the number of plants is less in cutting areas rich in plants than in
those poor in plants. :

Let us suppose that we stand in front of a certain vegetation type in a-certain
cutting area. With knowledge of the required data we can calculate from function
(4) a value y, for the number of newly originated coniferous plants per sample
plot. We want to compare this value to the actually extant number of plants.
If this is assessed by counting the plants in one single sample plot staked out,
we find a value y, for which the variance for (y —yg) is 0,2 = 0,2 + 02 By
staking out » sample plots a more certain mean value, y,, can be calculated, with
the variance ¢,? = 0,2 4 0,2/n. If n is made large enough the second term in the
right member may be neglected and we obtain a limit value ¢,,2 = ¢,,2. This implies
that the observed mean number of plants for a vegetation type within one single
sufficiently large cutting area can be written y,= vy 4 0,

Table 11, now, shows in the bottom line that ¢,, expressed in percent ofy, (= m)
rises to considerable amounts varying between the approximate limits 18 and
114 percent. This result does not invite one to try by the help of function (4)
to indicate the probable result of new regeneration in an isolated site. To obtain
a reduction to a standard error of 10 percent of the number of plants we must
take in the more central parts of the material into consideration an average of
20 to 30 different sites spread over the investigation area. In cutting areas poor
in plants this demand rises to a number of over 100 sites. It should be observed,
however, that 10 percent standard error in this case is a very high demand. A
number of o.5 plants per plot e. g. corresponds to 812 plants per ha. From a forestry
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point of view it will be of no great importance to establish such a low amount
to within 81 plants. It is more:or less a matter of taste how far we want to lower
the demands on exactitude in badly regenerated cutting areas. Generally it may
be acknowledged that the function affords practically satisfactory exactitude for
groups of 20 to 4o sites, characterized by the same set of independent variables.

Before leaving the dispersion investigations it will be of interest to consider
the values o, and o; partly from a different point of view. We have found that
the variance for a sample plot staked out within a certain vegetation type is 62 =
= 0,2 + 0;%. In function (4) occur only such independent variables as characterize
entire vegetation types, but none intended to describe individual sample plots.
Thus the correlation does not influence ¢;%, and its entire effect is expressed in
the quotient g,2/0%. If we leave a specially low value in the y, group 6.00 — out
of account, the assessments of the quotient ¢, %/0? vary between o.09 and o.201i.e.
of the remaining variance in round figures 10—20 9, fall on the type means,
whereas the variance within the vegetation types is responsible for 8o—go 9.
Consequently it would be plausible if one tried to improve the correlation by
introducing variables that characterize the individual sample plots. Undoubtedly
one would thus be able to gain a better understanding of the causal connections
of the regeneration process and be able to balance more correctly the relative
importance of its various facets. On the other hand it appears that the majority
of the variables in question can only with difficulty be used for direct practical
purposes.

We continue now the description of the various partial regressions. They are
obtained by inserting in function (4) or (5) certain definite values for all independ-
ent variables with the exception of that one wants to study in further detail.
Thus the function will only contain y and this immediately interesting independent
variable and for the rest constants. The regression between these two variables
can thus be calculated and constructed. As besides, the differences between the
observed and calculated y-values have been found out, it is possible after a suitable
grouping to illustrate the distribution of the observed y-values about the partial
regression lines. When calculating the partial regressions represented in Figs
16—19, the various independent variables have been given a rounded value near
their resp. means, viz. for the height above sea level 300 m, for the cutting age
15 years, for the number of seed trees per hectare 41. For the vegetation type,
the index value for healthy ground — o0.0259 has been taken.

The various primary variables H, A, F and I in function (4) occur in combination
with each other, the consequence of which is that an ‘““interaction’ arises between
these variables. A closer study of these interactions generally lead to conclusions
that partly seem self-evident on account of the nature of the variables and partly
are very little enlightening on account of the great quantity of unknown inter-
correlations between the primary variables. Thus e. g.: For a certain height above
sea level and a certain vegetation type the cutting age influences the eventual
plant result more, the more seed trees there are (up to a limit of about 75 seed
trees per hectare). In the same way the number of seed trees has had greater
influence, the higher the cutting age is. The advantageous influence of the seed
trees is on the other hand at a certain cutting age strikingly smaller the higher
the height above sea level is and in connection with it the unfavourable effect of
increasing height above sea level is mitigated to a small degree only, by a greater
number of seed trees. Similar conditions prevail concerning the cutting age when
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the number of seed trees is constant. — A further study of the various partial
regressions can be made in Figs 20—25.

One of the factors that could be supposed to influence the inclination to regen-
erate is the general direction of slope of the cutting compartment. A special
investigation based on the difference between the observed and calculated number
of plants (y — yp), however, showed no evident tendency in the favour of a
definite direction of slope. The highest deficit appeared in the cutting group, the
slope directions of which were situated between SSE and SW as against the great-
est surplus in that of which the directions were between WSW and NW. A special
division of the differences on different vegetation types gave no further enlighten-
ment. Although the direction of slope undoubtedly plays a certain role for regen-
eration through its influence on the climate of the site it could obviously not be
used as a variable for this arrangement.

To investigate the significance of the distance to the nearest forest border of
the sample plots, the plots within the height zone 100—199 metres above sea
level, were grouped according to the distance to the forest border in the groups
1—20, 2I1—30, 3I—40, 4I—50 and 5I— metres. The mean number of plants
and the mean number of seed trees were simultaneously calculated, besides which
different cutting ages were kept apart. The latter classification did not give any
information, however, and the cutting ages were therefore combined. The even-
tual association obtained is shown in Fig. 26. A faint positive effect of proximity
to the forest border may perhaps be traced. An adjustment of the position of the
points with regard to the number of seed trees would lower the three left and
raise the two right ones, thus further weakening the association. It was considered,
therefore, that there were no reasons to add the distance to the nearest forest
border as a variable to the correlation. This remarkable result undoubtedly deserves
the greatest attention. From a forest point of view it gives rise to the following
conclusion: Marginal seeding has not had the regenerative effect one could
have expected and cannot in the ground types in question replace seeding through
seed tree stands.

The influence of the number of years that has lapsed between the regeneration
cutting and the cleaning of the cutting has been investigated for all the height
levels. It was shown that the number of new originated coniferous plants was
higher in cleaned cutting areas than in uncleaned within the height zone 200—299
metres above sea level. For the rest the uncleaned areas were slightly richer in
plants. The differences were small, however, and should of course not be inter-
preted as a proof that cleaning of a cutting area is an unnecessary measure. The
number of years between regeneration cutting and cleaning of the cutting area
could not either be shown to have a tangible effect on the regeneration result.

It has been shown from the vegetation type index that the damper ground
types can more easily be regenerated under similar conditions than healthy forest
land. On the other hand the herb-rich vegetation types did not seem superior
to the herb-poor types with regard to inclination to regenerate. As a matter of
fact the differences between the observed number of plants and the number calcula-
ted from function (4) show a slightly weaker result for the herb-rich types F,, FS,
and S, than for the herb-poor types F;, F'S,and S;. For all the height levels within
the vegetation type F, those differences were furthermore investigated that arise
when the type is divided into three subsections characterized by 1) Geranium,
2) Aconitum or Mulgedium, 3) Dyyopteris, Oxalis or Cornus. The Aconitum-Mulge-
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dium group received the best position, followed by the Geranium-group and at
the end the Dryopteris-Oxalis-Cornus-group. The order seems plausible but as
calculations have shown the differences to be insignificative it should for the
time being be considered as a reasonable possibility only that the various groups
of herbs distinguish various degrees of inclination to regenerate.

A closer investigation of the influence of the latitude on the number of plants
did not give any valuable result, probably owing to the low extent of the investi-
gation area in the direction North—South.

Originally great hopes were set on the trees of the cull tree plots as a variable
in the correlation. If many seed trees in the seed tree plot must be supposed to
have a favourable effect to a certain limit, it can be imagined on the other hand
that a high number of trees on the cull tree plot i. e. in the immediate vicinity of
the plant area, should have an unfavourable effect. After calculating y, through
function (4) the deviations (y — y,) were sorted into classes according to the
size of the sum of basal areas in the cull tree plots. If the line of thought propounded
above were correct positive differences should collect in the classes with low sums
of basal area while the negative differences should be found in the classes with
large basal area sums. This did not take place, however, and thus this variable
could be left out.

Stand vegenevation of coniferous plants

The stand regeneration i. e. the plants that existed in the area already before
the regeneration cutting, as shown through age determination, shows very great
variations. This should be natural with regard to the fact that the stand regen-
eration consists of formerly stunted spruce plants chiefly. The number of these
left at the cleaning of cutting areas is extremely much influenced by the varying
ideas about the proper execution of cleaning. It should therefore be considered
remarkable rather that stand regeneration still shows a comparatively strong
association with the height above sea level and the vegetation type. The following
function was obtained:

Y =1.9420% + 1.0153 -1 ...... ... i, (6)

The independent variables have the following denotation:
H\2
%= 008 (W)

I = type index to enter with the following values, viz. for:
(L 4 LF = —0.9340, only a few plots).
F, +F, =-—o0.0712
] FSf + FS, = + 0.1225
S, + S, = + o0.6502

The function #, has been tabulated for different values of H in Table 12.
In the function (6) the constants have the following standard errors:

Constant - Stardard error Same in %
1.9429 0.0963 4.96
I.0I53 0.3536 34.83
The original s. d. of y was s, = 3.329 plants per plot. Through the correlation

it has been reduced to S, = 2.872 or to 86.25 % of s,. The multiple correlation
coefficient has the value 0.519. The greater part of the reduction of s. d. — almost
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go percent — is caused by the variable #,, i. e. the height above sea level. The
standard error of the function for the value H = 300 m and I = — o.0712 is
o, = 0.0515 and the relative standard error o/f = 0.0578 i.e. 5.78 % of the
function value.

Before the function (6), without regard to the vegetation type, the function

Hy2 :
y =-1.909 0—0'073(100) was produced, in which case the constant — 0.078 was

obtained numerically from the material divided into groups. Through derivation
of the function improvements of both constants were sought. The improvements,
however, were of about the same magnitude as their standard errors. When cal-
culating the values for both the original and the improved function the difference
between them was found to amount to parts of a tenth of a plant per plot. It
could therefore not be considered profitable to recalculate the correlation.

Function (6) indicates that the height above sea level is a variable of the
utmost importance also for the regeneration originating in the stands before log-
ging. Of course the cleanings of the cutting areas can at different heights above
sea level have produced different effects depending on how the viewpoints on the
quality of stunted seedlings and the wish to utilize them for regeneration have
been adjusted to each other at various levels. Still it seems remarkable that the
partial regression of new regeheration and stand regeneration on the height above
sea level are so similar in character as they have proved to be. (Fig. 27.)

Also with regard to the vegetation types the similarity between stand regen-
eration and new regeneration is striking. Thus the types L and LF rank lowest,
immediately over them the types F, and F,, then the half-moist types F'S; and
FS, and finally the wet types S, and S, which rank highest. Opposite to what
was the case at new regeneration, the groups FS; + FS, and S; + S, have been
separated with regard to stand regeneration. As the trend in index values is other-
wise similar, however, it does not seem impossible that a biological connection
is reflected here. It may be observed besides, that also for new regeneration the
types S, and S, ranked higher than the types F'S; and F'S, although not so much
that regard could be taken to the uncertain difference. It is also interesting to
notice that herb-poor and herb-rich vegetation types could here as little as in the
case of new regeneration be separated. '

Data on the number of stand regeneration plants on healthy forest land at
different height levels are found in Table 14.

New regenevation of bivch plants

‘When arranging the data on new regeneration of birch it was shown that a
few sample plots contained an incredibly high number of usually small birch
seedlings a couple of years old. In some cases circumstances had been noted
that could explain this such as e. g. that the sample plot included a footpath or
cattle trail, the old site of a log-fire etc. As the investigator could during field
work not foresee the need to make inquiries about such conditions it is in many
cases impossible to establish a special cause of the high number of seedlings. It
was necessary, however, to remove the sample plots most rich in plants whose
disturbing effect made all attempts at arrangement impossible. When doing so
sample plots with 50 birch plants or more, together 110 plots, were sorted out.
These plots then are not included in any of the arrangements propounded here.
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The following function for new regeneration of birch was obtained:

Y = %5 (3.6061 + 3.7314 . 1) ..o, (7)
The independent variables have the following denotation:

4

x5 = -—e 20,
10

I = type index to be entered with the following values, viz. for:
(L + LF = — 1.0000, only a few plots.) ‘
F, +F, =-—0.2488

FS, + FS, = + 0.8333.

S, + S, =+ 1.5114.
The function x5 tabulated for various values of 4 is found in Table 13.
In function (7) the constants have the following standard errors:

Constant Standard error Same in %
3.6061 0.1920 5.32
3.7314 0.3983 10.67

The original s. d. of y was s, = 13.84 plants per plot. Through correlation it
has been reduced to S, = 12.06 or to 87.14 % of s,. The multiple correlation
coefficient has the value o0.505. The greater part of the reduction in s. d. is caused
by the vegetation type index, responsible for 8o 9,. The relative standard error
of the function (o,/f) is independent of #; and is for the vegetation types:

F, + F, = 8percent
FS, +FS, =6 »
Sf + ST = 7 » B

Through derivation of the original function y = 3.56 Z e "w improvement
10

has been sought of the constant value —o0.2. The improvement was less than one
half of its standard error. With regard to the great dispersions and as a result

. of them the uncertainty about the form of the curve, no reasons could be considered
to exist for a recalculation of the correlation.

Function (7) seems to indicate that the age of the cutting and the type of
ground vegetation are the dominant variables for the new regeneration of
birch. Arranged after their influence on the number of birch plants at a definite
cutting age the vegetation types recur in the same order and group system as in
the case of new regeneration and stand regeneration of coniferous plants. This
considerably supports the conception that the vegetation type index reflects a
biological reality.

During work on the material a weak connection could be found between the height
above sea level and birch regeneration. It was too uncertain, however, to be
utilized in the correlation which was not improved by the inclusion of the height
above sea level. The same condition prevailed for the number of birch seed trees.
Here the connection seemed to be stronger and many attempts were made to
insert the seed tree variable into the correlation. Through the loss of degrees of
freedom thus caused, the result was usually impaired, however, i. e. Sy became
greater with than without the seed tree variable. A comparatively awkward func-
tion, without regard to vegetation type, yielded a reduction of S, to 97.2 %
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nevertheless as against 97.5 9, for the function used above which only contained
the age variable. This insignificant improvement, however, was not considered to
counterbalance the inconveniences connected with the function. — It should be
pointed out that the low reduction in dispersion is for the greater part explained
from the almost complete absence of birch plants in a few old cutting areas where
one could have expected rich birch regenerations.

In Table 15 data can be found on the number of new regeneration plants on
healthy, half-damp and damp ground types at different cutting ages.

Stand vegeneration of bivch plants

Birch plants older than the cutting occur only sparsely in the material. The
weak connection with the height above sea level and the cutting age, that could
be suspected to exist, proved not demonstrable at the arrangement. Only the
effect of the vegetation type on the number of plants appeared reasonably
guaranteed at last. The order and group classification of the vegetation types
recur here for the fourth time as appears from the following tabulation:

. Mean number
Ve%;;aggon of plants Stz:li)a;rd Same in %
per ha
(L +LF o — —)
F, +F, 118 25 21.1
FSf + FS, 201 54 26.9
S, + S, 700 122 17.5

Conclusions of great importance can hardly be drawn from these figures with
regard to the effect different forms of cleaning of cutting areas may probably
have had on them.

Aspen plants

The number of aspen plants per plot seems with great probability to have some
positive connection with the age of cutting. During correlation, however, the
reduction in dispersion was too low to deserve attention. No appreciable influence
of the height above sea-level could be traced. Computed for the different
vegetation types the average numbers of plants per hectare were:

. Number of
Vegetation plants per Stapdard Same in %
type hectare error
F, 844 187 22.1
F, ' 1,234 248 20.1
FS, 146 83 56.8
FS, 438 140 32.0
S, o — —
S, | 633 581 91.8

The tabulation shows that the number of plants for some vegetation types has
been established with great incertainty as also the difference between most of
them. The difference that appears to exist between herb-poor and herb-rich
vegetation types — to the advantage of the latter — is also insignificative.
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Aldey seedlings

The amount of alder seedlings per hectare will probably decrease to certain
extent proportionately to the height above sea-level. The correlation did not
lead to any applicable results, however. The number of seedlings per hectare in
the different vegetation types is given in the tabulation below.

Number of

Vegetation Standard .
type Pl}ilélctf'a IE)eer error Same in %
F, 16 1 68.8
F, 276 91 33.0
FS, 32 23 71.9
FS, 309 115 37.2
S, 244 91 37.3
S, 130 145 III.5

In spite of the high standard errors the tendency to a greater number of plants
on herb-rich than on herb-poor ground must yet in part at least be the sign
of a real difference. Thus the differences between F, and F,= 260 4- 92 and
between IS, and FS, = 277 4- 117 are both significative. The difference between
S, and S;, however, has an opposite trend, which can be explained, however,
from the low number of plots in the type S, (only 23).

Sallow seedlings

The mean number of sallow seedlings per hectare shows only insignificant
differences within different vegetation types and is on an average for the whole
material 117 per hectare.

Rowan seedlings

Attempts at finding an applicable correlation between the number of rowan
seedlings and the height above sea-level and the age of cutting did not
lead to any acceptable result. Therefore the mean numbers for rowan in the differ-
ent vegetation types are given here.

. Number of
Vegt?c;.:lon pl}:;tnts per St:rlﬁi‘rd Same in %
ectare
F, 3216 '388 12.1
r, 9,241 857 9.3
FS, 2,144 477 ] 22.2
FS, 5,700 1,002 17.6
Sy 1,624 489 30.1
S, 3,524 1,353 38.4

As to the overall remarkably high number of rowan seedlings there is no doubt
that the herb-rich vegetation types are superior to the herb-poor types. The
difference between the mean number for the former and the latter is 8,266 —
3 004 = 5262, which difference is strongly significative. An obvious tendency
towards a decreasing number of plants with increasing dampness of soil ap-
pears to occur both in the herb-poor and the herb-rich series. Some of the differ-



38:9 NATURLIG FORYNGRING I NORRLANDSK GRANSKOG 143

ences occurring such as e. g. between F, and FS, are significative, other on the
other hand are not. Jointly the various differences indicate, on account of their
similar trends in both series of types with comparative certainty, a foun- dation
in reality.

V. The distribution of the plants over the area

In the case of planted stands we can in advance form an approximate picture
of the way in which the plants stand distributed over the area. Without regard
to what regular spacing has been used in a certain cutting area, we are i.a. entitled
to expect about the same number of plants — or at least of planting holes — per
area-unit within the various parts of the cutting area. But it is usuaﬁy impossible
to predict anything about the distribution of plants in a natural regeneration
unless special field investigations have first been performed. The distribution of
plants is here influenced by irregularities in seeding and the dissimilar conditions
the soil offers the plants for their origination and continued existence. Our next
task will therefore be to investigate, how these conditions influence the distribution
of the plants. In order to do so we must first explain a few basic theoretic data.

T heovetic grounds

When a regeneration is assessed by means of sample plots, a report on the num-
ber of plants for each sample plot is received. After having calculated the mean
number of plants per plot and the deviations of the individual plots from this,
the s. d. of the plots from the mean can be calculated. The resulting value, s,
constitutes the observed dispersion. It is the estimation of a theoretic popula-
tion value which is denoted by ¢. As the square of the s.d. is called variance, the
observed variance = s = evaluation of ¢% The variance appears to be consider-
ably unequal at the assessment of different regenerations even if the mean number
of plants per plot is of the same size. In successful planted stands the variance
will be small in comparison to the mean number of plants per plot, which we
denote by m. The quotient s?/m = Q2 falls usually below 1. In natural regenerations,
however, the quotient Q2 is usually greater than 1, often considerably much more.
As it is easily understood that for the same number of plants per hectare, the
variance will be smaller if the distribution of the plants is even as against when
it is uneven, i. e. grouped, Q2 appears to be suited for yielding some information
about the degree of irregularity. This happens to the be case if we restrict our-
selves to comparing regenerations with the same number of plants per hectare.
‘We shall afterwards mention a measure for groupedness free from this restriction.

Let us imagine that a small sample plot is staked out in a cutting with natural
regeneration. We find a certain number of seedlings in the plot. It is obvious
that the probability of finding a seedling in the sample plot is greater
within a cutting area rich in plants than within one poor in plants. But a conception
like ‘“‘the probability of finding a seedling in the sample plot”’ must be given a
tangible import in order to be of practical use. We can imagine the sample plot
divided into small spots of the same magnitude as the section surface e. g. of a
seed cut lengthwise. Let the sample plot contain # such small surfaces. Evidently
the number of small surfaces will be very great if the sample plot contains an area
of a few square metres. With reference to the theory of games of chance the small
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plots can be considered as cases of equal possibility among which the plots on
which a seedling has grown are ‘‘favourable”, the other ‘“‘unfavourable’’ towards
the occurring of “the event a seedling”’. When e.g. we have found ;, seedlings
in the sample plot we can put p = m,/n as the approximate value of the probability
of finding a seedling in a certain small area of the sample plot. The probability
$ is a very small number even in the cuttings richest in plants, but as % is a high
number the product np = m, is equal to the number of plants found in the area.
Even if the probability number p were constant everywhere within the cutting,
we could not expect to find exactly the same value for the product #p in various
sample plots. The sample plot represents only a little part of the whole cutting
and for the same reasons as we do not get exactly 5 heart at each attempt when
drawing cards from a pack twenty times, we do not find an exactly equal number
of plants in different sample plots.

‘We cannot measure p but instead we want to investigate where certain simple
assumptions about this quantity lead us.

By this we obtain three types of plant distributions, viz. the Poisson distri-
bution (8) according to which the plants stand distributed at random in the area,
the distribution types characteristic for regular spacing of plants and finally the
negative binomial distribution called below the ENeEroTH-distribution. The fre-
quency of plots with o, 1, 2...... # plants in an ENeroTH-distributed regeneration
can be calculated successively with the aid of the formulas (18) in which m is the
mean number of plants per plot and Q% = s%/m. Instead of or in addition to Q2
we will subsequently use as a measure of the ‘‘perturbations’ with regard to the
random distribution the expression

o= V@@= R (13)

where it is agreed that the plus sign will be used when Q? > 1 and the minus sign
when Q% < 1. 100 g was called by CHARLIER (1920) the “perturbation coefficient”.

The distribution of the plants

The perturbation. For each complete cutting area without regard to vege-
tation type a value for the perturbation has been calculated partly with regard
to coniferous seedlings only and partly with regard to coniferous and birch seed-
lings jointly. The cutting areas were grouped into classes with regard to the
mean of plants per sample plot and the mean value of the perturbations was
calculated in these classes. The result for coniferous seedlings is shown in Fig.
28. It appears from this fig. that the variations are high and that a slight tendency
towards a decrease of g for an increasing number of seedlings can be discerned.
The tendency appears in the function

Q = L.128I-—0.026I M ..o vuvvviyunnnnnn (18 a)

and in Table 16 calculated from it.

A similar result was obtained for ‘‘coniferous + birch” from the corresponding
calculation. In this case the perturbation was slightly greater all-round.

The mean value for the perturbation g was for:

coniferous seedlings = 4 1.052,
coniferous and birch seedlings = 4 1.202.
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As it could be expected that the different vegetation types would show different
perturbation degrees the latter was calculated for all individual vegetation type
areas that contained at least 5 sample plots. The variance within the vegetation
types proved to be 0.3878 with 167 degrees of freedom and between the vegetation
types 0.1625 with 4 degrees of freedom which yield a negative intraclass-correlation
and the insignificative F value 2.39. No individual difference between the mean
of different vegetation types was significative. Consequently nothing appeared
in this material that gives cause to calculate with different perturbation
within the vegetation types represented.

As appears from Chapter IV certain vegetation types are different with regard to
the number of plants. The perturbation for an entire cutting area, therefore, should,
if it contains vegetation types with different type indexes, be slightly greater
than the mean of perturbation within the vegetation types. In order to investigate
in how far the difference was of essential importance, in 103 cutting areas (all
except those of the last year, not accessible at the moment in question) a calcu-
lation for ‘‘coniferous -+ birch” was made of the perturbation mean partly for
complete areas, partly for complete cutting areas with only one vegetation type
and finally within vegetation types. The means were 1.31, 1.30 and 1.19 resp.
The differences show the trend expected but are quite small and judged in connec-
tion with the dispersion occurring insignificative.

Lastly it was investigated whether the occurrence of different numbers of seed
trees influenced the perturbation. Even this investigation yielded insignificative
results. — On the basis of these investigations it was considered justifiable to
calculate — as has been done — the mean perturbation of the material from the
perturbation values for complete cutting areas.

The investigation has thus shown that the tendency to clustering is extremely
high among coniferous seedlings and approximately equal in all vegetation types
represented in the material. The tendency to clustering does keep the same level
during the whole regeneration process but it is slightly higher in young cutting
areas poor in plants than in older ones rich in plants. A tendency towards decreased
groupedness in very plant-rich cutting areas can thus be discerned. Varied occur-
rence of seed trees has not brought with it appreciable differences in irregularity.

The groupedness is more strongly marked when coniferous and birch seedlings
are counted together. Birch should, therefore, show still greater tendency to group-
edness than coniferous trees. On account of the low number of sample plots within
each cutting area and vegetation type the individual perturbation values have
been very uncertainly assessed. It is probable therefore that it would be possible
‘on the basis of richer material, to establish differences and connections that do
not appear from this investigations. Thus ENEROTH (1945) has found different
percentages of o-plots for the same mean within various vegetation types which
indicates differences in perturbation. The question of perturbation in connection
with vegetation types should therefore be further investigated from material more
suited to the purpose than the present material.

The distribution of coniferous plants. In order to arrive at a comparison
between observed seedling frequencies and frequencies calculated through the
aid of the Enerorm distribution the following procedure was used. As each
individual cutting area contains too few sample plots, the cuttings were collected
into classes according to the mean number of seedlings per area. The seedling
frequencies in these classes were combined into one common distribution for

10— Medd. frin Statens skogsforskningsinstitut. Band 38: 9.
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each class. From the frequency distributions of the classes the m- and Q2-values
were calculated after which the theoretical frequencies were obtained from the
formulas (18). Instances of the observed and calculated frequency distributions
are shown in Table 17.

From this table it appears that the concordance is very good in general. The
slight tendency towards a too high calculated frequency in the o-class (o seedlings
per plot) and too low in the 1-class is probably due to the combination of several
dissimilar frequency distributions with different » and different Q2 which has an
effect into that deviating direction.

The extraordinarily good concordance between observed and calculated o-class
frequencies obtained from this function for more extensive, uniform material
appears from ENEROTH (1945). The great width in variation of the frequency
distributions is due to the strong groupedness on account of which isolated sample
plots rich in seedlings may be found also in cutting areas poor in seedlings.

The plant distributions seem to be of essential interest when one tries to form
a conception of the structure of the regenerations in question. It is a circumstantial
job to calculate the theoretical distributions according to the formulas (18). In
Table .18 the ENEROTH function has therefore been calculated for certain mean
numbers of seedlings per sample plot (this number s multiplied by 1,624 gives
the corresponding number of seedlings per hectare). For this calculation the per-
turbation has been taken from the formula 18a.

VI. The mean height of plants and its development

The mean height of the plants and its development with the age of cutting
is chiefly of interest for the determination of the frequency distributions of the
height of the seedlings in which it is one of the parameters. It will therefore be
briefly treated in this chapter. On the other hand the connection between the
age of the seedling and the height is not investigated. — The mean height of
seedlings for a certain class of seedlings, e. g. new regeneration of coniferous plants
in a certain vegetation type has been calculated as the arithmetic mean of the
heights of all the plants belonging to the class, measured in centimetres.

New vegenevation of conifevous plants

On the same ground and at the same cutting age the mean height of a new
regeneration showed to be appr. the same for different levels of altitude. The
manifest connection with the age of cutting was presented in a function that
received the following form:

A4 4\2
Y =020— + 547\ —) .o, (19)
10 10
In function (19) the constants have the following standard errors:
Constant Standard error Same in %
9.20 2.84 30.82
5-47 1.33 24.27

Through the correlation the s. d. was reduced to 82.26 9, of the original value.
No influence of vegetation type could be guaranteed. — A picture of the trend
of the function through the group means of the material is shown in Fig. 29.
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Stand vegenevation of comiferous plants

The corresponding function for stand regeneration was given the form:

4
y = 13.52 + 68.09 To e (20)
o]

The constants have the following standard errors:

Constant Standard error  Same in %
13.52 7.11 52.58
68.09 4.64 6.81

The standard error of the constant 13.52 is higher than 50 %, and in accordance
with the rules applied here it should have been rejected. The smoothing was
appreciably impaired by leaving it out, however. As the occurrence of a constant
term should be correct in principle in the case of stand regeneration it has been
conserved therefore. Through the correlation the s. d. was reduced to 77.64 %
of the original value.

No influence of vegetation type could be guaranteed. — A picture of the trend
of the function through the group means of the material is shown in Fig. 3o0.

New regeneration of bivch plants

The mean height of the birch plants show an extremely high variation and the
correlation with the age of cutting is therefore comparatively weak. To a degree
the uneven heights of birch will be explained from the fact that the new regeneration
consists partly of stump sprouts with a height development different from seeded
plants.

The function obtained received the following form:

Yy = 25.68%— (I +060T) ..., (21)

in which the vegetation type index is to be given the following values, viz. for:

L +LF + F; + FSf = —0.2582,
F, +FS, +S; + S, =+ 0.2694

The constants have the following standard errors:

Constant Standard error Same in %
25.68 0.04 0.17
0.69 0.18 26.15

Through the correlation the s. d. was reduced to 91.82 9%, of the original value.

The vegetation type has an evident and significative influence on the height of
the birch regeneration. Thus averagely higher heights were found for the same
cutting age in all vegetation types rich in herbs and in the strongly moist, herb-
poor type S;.

A picture of the trend of the function through the group means of the material
is given in Fig. 31.
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Stand vegenervation of bivch plants

For the stand regeneration the following function was obtained for the mean
height of the plants: '

4
Yy = 157.97 T rTrererereeeeenie (22)

The constant has the following standard error:

Constant Standard error Same in %
157.97 3.54 2.24

Through the correlation the s. d. was reduced to 76.16 %, of the original value.

No influence of the vegetation type could be guaranteed. —

A picture of the trend of the function through the group means of the material
is shown in Fig. 32.

VII. Frequency distribution of the height of plants

At an increasing cutting age the height dispersion increases as the older seedlings
grow and new small seedlings originate. Moreover the height developes differently
for different woods, i.a. birch deviates slightly from coniferous trees. Similar
differences prevail between new regeneration and stand regeneration. Besides the
distribution is affected by the occurrence of seed trees and probably, although
to a less degree, of the vegetation type and the height above sea level. On account
of all these influences the question of the frequency distribution of the height
forms a highly complicated problem which would for an extensive treatment
demand a considerably more extensive material than the present.

The height distributions will in this chapter chiefly serve descriptive purposes.
The individual cutting areas are in this case too small units to be of great value.
The cutting areas are grouped together, therefore, as shown below. The frequency
distributions thus obtained characterize the groups with the mean values the
different variables have within them. These distributions should be satisfactory
for purposes of illustration. Before further treating these questions we shall discuss
the perturbation of the height distributions.

The perturbation. For reasons set forth in Chapter IX it was desirable to
treat the height distribution in a manner analogous to the distribution of the
number of plants. Accordingly the heights have been plotted in classes half a
metre wide, through which the height distribution is transformed into a discon-
tinuous frequency distribution of the same type as that of the number of plants.
Consequently the perturbation of the height frequency distributions can be calcu-
lated. Of course it is not certain or even probable that this procedure would have
been best if it had been a question of height distribution only. On account of the
analogy with the treatment of the number of seedlings sought, however, it has
been used here.

The perturbation in the height distributions has been calculated for each indi-
vidual cutting area in the same way as for the number of plants. The mean value
of the perturbation g was for:

coniferous seedlings = 4 i.205,
coniferous and birch seedlings = -+ 1.863
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Thus the birch seedlings strongly contribute to the unevenness in height so
characteristic of natural regenerations. Even for the coniferous seedlings alone,
however, the perturbation is very strong and indicates a considerable deviation
from the Poisson-distribution. It is premised here that the height of seedlings
plotted in half metre classes satisfactorily follows this distribution on condition
that the seedlings as e. g. in a planted stand are of the same age and have not been
obstructed in their height development. The strong height perturbations will
therefore be largely due to the age differences of the natural regenerations and in
certain cases to disturbances in the height growth (suppression) caused by the
strong groupedness.

As the height perturbation and its connection with various factors has no direct
importance for the continued investigation we leave this question and proceed
to the frequency distributions.

The distribution of plant height in cutting age groups. It will be
possible to obtain a comparatively good conception of the frequency distributions
of the plant height from the basic material plotted into cutting age groups. It
is presented in Table 19 partly in absolute, partly in relative numbers. In this
case the new regeneration of birch seedlings has been divided into the two vegeta-
tion type groups that have shown different height development according to Ch.
VI. Stand regeneration of birch seedlings does not occur to such an extent that
frequency distributions could be given. Before Table 19 was drawn up, the distri-
bution of the various age groups in different levels of altitude were investigated.
The differences observed were comparatively small, however, and accordingly the
plants in all levels of altitude were plotted together.

The ENEROTH function represents very well also the frequency distributions
of the height as appears from Table 20 in which a comparison can be made between
the relative frequencies for coniferous seedlings observed and calculated from the
function. A special Q2-value has been calculated from the frequencies of the mate-
rial for each cutting age group. As cutting of different ages have been plotted
together Q% is much higher than the average for individual cutting areas. Con-
sequently the seedling height within such an area is not so strongly dispersed
as seemingly appears from the distributions in Tables 19 and 20. A few instances
of the height distribution within individual cutting areas will be shown
below. Previously we shall utilize Table 19, however, for a calculation of the
approximate percent of the number of plants that can within various cutting
age groups be calculated to be above breast height.

Percentage of seedlings above breast height. Through a successive
addition of class frequencies in Table 19 summation curves were drawn up for
new regeneration and stand regeneration resp. of coniferous plants. From the
manually smoothed curves the percentage was read of plants with a height equal
to or surpassing 1.3 m. The percentages were smoothed over the cutting age and
reading was done at whole fives of years. The result is shown in Table 21, which
together with Table 14 permits of a rough orientation on the number of coni-
ferous seedlings above breast height for the various combinations of new and
stand regeneration obtained from the latter table. Thus for a height above sea level
= 200 m, 30 seed trees per hectare and cutting age 15 years e.g.

New regeneration 6,451 .0.028 = 181
Stand » 2,192 . 0.315 = 690
Total 871
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ie. 871/(6,451 4 2,192) = 10.1 % of the total number of plants. It should be
observed that this percentage is approximative especially as Table 21 is based on
the added frequency distributions for five-year age groups in Table 19.

The distribution of the height of plants in the individual cutting
areas. ENEROTH (1945, Figs 10, 13—20) has previously shown the excellent
congruency between his function and the observed frequencies of the amount
of seedlings in individual natural regenerations. It will be of interest to demon-
strate here the corresponding concordance concerning the frequency distribution
of the height of the seedlings. For this purpose 10 cutting areas comparatively
rich in plants were chosen and the ENeEroTH function was adjustered to them by
the aid of the mean and perturbation of each cutting area. The concordance be-
tween observed and calculated frequencies for coniferous seedlings can be studied
in detail in Table 22. It is extremely good in general both as regards cutting areas
with low means and for areas with choice high ones.

The plant height distribution in individual cuttings is substantially affected
by the composition of the new regeneration and the stand regeneration, which
change considerably in proportion to the height above sea level. In order to obtain
an idea of the plant height distribution within an average cutting area at different
cutting ages and heights above sea level the following calculations have been per-
formed for coniferous plants.

Means of the height perturbations of the individual cutting areas have been
calculated within various levels of altitude and connected with a curved line,
Fig. 33. The height perturbations decrease in proportion to an increasing height
above sea level, which is primarily due to the simultaneously increasing relative
share of stand regeneration in the regenerations. Stand regeneration has by itself
a lower height perturbation than new regeneration at the same cutting age which
explains the trend of the curve. ’

Subsequently 30 plant-rich cutting areas with different mean heights of seed-
lings were selected. The real mean height measured in cm is set off on the abscissa
in Fig. 34, whereas the corresponding mean height according to the classification
into half-metre classes o, 1, 2 ... etc. is set off as ordinate. After graphic smoothing
the line .denoted in Fig. 34 was thus received. From it can be read for a certain
mean height in cm the corresponding mean height in class units. The chiefly
illustrative of the investigation has with regard to Fig 33 and 34 not been consi-
dered to motivate the laborious numeric methodics.

‘With the aid of functions (19) and (20) the mean heights at different cutting
ages of new and stand regenerations can now be calculated. From Table 14 the
number of plants for different values for cutting-age, height above sea level and
number of seed trees are obtained. On the basis of these data the heights of the
new and the stand regeneration can be weighed together to a common mean for
each combination of premises selected from Table 14. The calculations mentioned
have been performed for 30 seed trees per hectare, 150, 250, 350 and 450 m above
sea level and for the cutting ages 10, 15, 20, 25 and 30 years. The mean heights
for coniferous seedlings were transposed from cm to class units with the aid of
Fig. 34. The value of the height perturbation was taken from Fig. 33. On the
basis of the data thus received the entire frequency distributions can be calculated
from function (18). In our case, however, the calculations have been restricted
to the frequencies in the o-class (height of seedling = 0—49 cm) being the largest
one.
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The calculated o-class frequencies can be compared to the corresponding fre-
quencies for the material tallied into age-groups, divided into the altitude groups
100—199, 200—299, 300—399 and 400— metres above sea level. These distribu-
tions are of course not representative for exactly 150, 250 etc. m above sea-level
but should nevertheless be suitable for the purpose. A more important deviation
will have to be expected on account of the difference in height perturbation pre-
vailing, as has been mentioned before, between the material tallied in groups and
the average for the individual cutting areas within-the corresponding groups. The
actually extant difference appears from the following table in which we denote for
this purpose by p,, the mean value of the height perturbation of the individual
cuttings weighed with the number of seedlings and by g, the mean value of the
height perturbation in the material tallied in cutting-age groups alsoweighed
with the number of seedlings in different cuttings-age groups.

Altitude: 100—199 200—299 300—399 400— m above sea level
Om 1.5882 1.4625 1.1632 0.8528
0s 1.7330 1.6273 1.4499 1.1905
0s/0m 1.09 1.1T 1.25 I.40

It appears from the values for g /g, in the table that considerable divergencies
may be expected at the Higher altitudes between the tallied frequency distribution
of the raw material and the average distribution within an individual cutting
area. From Figs 35-—38 can further be seen how a comparison between the per-
centages of seedlings in the o-class turns out, these figs being the final result of
this investigation detail. The divergencies are quite insignificant up to 299 m
above sea level. But the difference is fully apparent at the altitude 300—399 m
above sea level and highly considerable over 400 m above sea level. The difference
takes the direction that can be predicted on theoretical grounds and its size agrees
well with what can be expected according to the above table. Only for the altitude
400 m and higher the difference is slightly greater than expected which is explained
from the fact that the height of new regeneration at this altitude is overrated by
the function (19). The deviation is not so large, however, that it was considered
to motivate a special correction.

The frequency distributions that can be obtained in the way described above
with the aid of Table 14 or corresponding functions, the functions (19) and (20)
and Figs 33 and 34, are to be valid for an average cutting area under the
premised conditions. It should be of interest to perform further tests of these
distributions obtained in a roundabout way. This can be done e.g. by calculating
the percentage of seedlings above breast height and compare them with the corre-
sponding percentage according to Table 21 drawn up in a simpler way. We find
for 15 years, 30 seed trees and 150 m above sea level according to the mean distri-
bution for individual cuttings 8.5 %, of the number of seedlings above breast height.
The corresponding figure from Table 21 and Table 14 is 8.7 9%. For 15 years,
30 seed trees and 450 m above sea level, the figure 21.0 %, is obtained compared
to 19.6 9%, from Tables 21 and 14. The concordance is rather good which indicates
that the simpler method is quite satisfactory for practical purposes.

VIII. The development of the plant type

As has been previously mentioned the seedlings have been divided into classes,
main types and subtypes and have been given a vigour index. All these assessments
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based on observations have been computed into the so-called weight index. It
is intended to express the value the seedling can be considered to have as a member
of the regeneration in accordance with the principles stated for the classification
and typification. We shall in this chapter make a closer survey of the magnitude
of the weight index and how it develops as the cutting age within various plant
groups increases.

New regeneration of conifevous plants

The weight index for various seedlings varies between the value 1.0 to some
smallest value in no case being below o.1. Thus the dispersion is always very great
and no correlations can be thought to entail a considerably great reduction of it.
In the mean values for the various vegetation type units, however, there appears
a very evident connection between the index of the new regeneration of coniferous
seedlings and the age of cutting. A correlation with this (where the number of
seedlings is used as weights) resulted in the following function:

4 4\
¥ = 1.0000 —0.0783 — + 00119 | —) ............ (23)
10 - 10

As before 4 denotes the age of cutting. As very small, young seedlings can
hardly be given any other weight index but 1.0 the function for 4 = o must
assume the value y = 1.00. This condition has been included in the correlation.
In the function (23) the constants have the following standard errors:;

Constant Standard error Same in %
1.0000 0.0000 0.00
— 0.0783 0.0090 11.45
0.0II9 0.0042 35.18

The original s. d. of y was s, = 0.354 which was through the correlation reduced
to S, = 0.343 or 96.89 %, of s5,. The trend of the function through the group
means of the material is shown in Fig. 39. It appears that the plant type deterio-
rates uninterruptedly as the cutting age increases. This will be due to a consider-
able degree to the development towards overgrowness, broad-crownedness and
limbiness of the oldest plants.

Stand regenevation of coniferous plants

Corresponding calculations for stand regeneration have given the following
results, at which as a matter of course no condition has been considered.

4
Y = 0.7590 4+ 0.0456 ~RLLRRRCERRTRRRRRTRNE: (24)

In function (24) the constants have the following standard errors:

Constant Standard error Same in %
0.7590 0.0162 2.13
0.0456 0.0104 22.78

The original s. d. s, has been reduced to 0.298 or 96.75 % of s,- The trend of
the material through the group mean of the material can be seen in Fig. 4c. It
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shows that contrary to new regeneration the average type of stand regeneration
improves as the cutting age increases. On the whole this seems natural as on the
average the stunted seedlings will appear worst immediately after cutting while
afterwards in as far they acquire good growth obtaining a more normal appearance.

New regenervation of bivch plants

The weight index dispersion is so high in this case and so irregular that no
correlation tried brought about any mentionable reduction. A comparatively good
fitting is obtained through the function:

4 A\2
Yy = 1—0.I1274 e + o0.0257 (; ............... (25)

This function is used subsequently only because it gives for 4 = o a weight
index = 1 and for cutting ages over 10 has a trend near the mean. Thus it does
not violate the material but meets all formal demands to be put on the regression
in question. As was the case with new regenerations of coniferous seedlings, the
type of birch seedlings deteriorates as the cutting age increases. The deterio-
ration is evident only during the first 1o years. The slight improvement the function
yields for cutting ages over 25 years is uncertain and should not be considered as
having been proved.

Stand vegewevation of bivch plants

These occur sparsely only and show no certain association with the cutting
age. A slight tendency towards decreasing weight index in proportion to increas-
ing cutting age can, however, be discerned as appears from the function:

A
= 0.8261 — 0.0279 — ...ttt 26
y 0.8261 0079IO (26)

in which the negative trend is uncertain, however. No statement can therefore
be based on this material on how the weight index changes as the cutting age
increases. Whenever the weight index for stand regeneration of birch seedlings
is required the mean 0.7867 should be used. This value is obtained from function
(26) by inserting 4 = 14.1.

It is extremely probable, however, that it would be possible to establish the
negative trend of the index value from a more extensive material. This would
imply that stand regeneration of birch develops towards inferiority in proportion
to increasing age of cutting in contrast with stand regeneration of coniferous
plants — chiefly spruce — the average type of which is improved as time goes on.

*

The development of plant types for various plant categories is illustrated in
Table 23, where the weight index has been calculated according to the functions
(23), (24) and (25) for each cutting age year from o to 30 years. It is evident from
the table that new regeneration of birch seedlings throughout has a worse type
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than new regeneration of coniferous seedlings and that stand regeneration of
coniferous seedlings obtains a type comparable to new regeneration only at cutting
ages Over 25 years.

Additional investigation of weight index

For purposes further treated in Ch. IX it is interesting to know in how far
the weight index within the same cutting-age group changes tangibly in proportion
to the height above sea level or the mean height of the seedlings.

The first question was investigated through a calculation .of the mean values
for weight index in the various cutting-age groups o—9, 10—14 years etc. within
each altitude. The age-groups showed appr. the same mean index at
all height-levels. After combining all age groups the mean index values com-
puted in Table 24 were obtained. As there is a strong association prevalent between
the height above sea level and the number of seedlings per hectare, one will be entitled
to draw the conclusion that the weight index is independent of both the height
above sea level and the number of seedlings per hectare.

The influence of the height of the seedlings on the weight index was investigated
through calculation of the mean index values in the seedling height groups o—24,
25—49, 50—74 cm etc. The result of the investigation for the altitude 200—299
metres appears from Table 25, which with certainty entitles one to conclude that
the weight index is practically independent of the height of the seedlings. The
tendency apparently obtained for stand regeneration of birch seedlings does not
as such play any réle and is besides probably, on account of the small range of
the. material, uncertain.

The influence if extant of the vegetation type on the weight index has not been
specially investigated.

Grazing damages

As mentioned before grazing was noted as the cause of damages and defor- -
mations of the plants as often as reasons seemed evidently extant. To be sure
the observations made are insufficient for a correct assessment of the effect of
grazing as causing damage to regenerations. It will be impossible namely, to draw
reliable conclusions from the extent of grazing damages in the remaining stand,
on the size of the damage the grazing may have caused by preventing the origination
of seedlings. Neither can the favourable role the grazing may play through the
suppression of grass and thickets of broad leaved sprouts be correctly assessed.
The figures of the raw material on the percentage of seedlings damaged by grazing
should, however, be of certain interest. They are certainly in correlation with
the total damage and can probably be considered as a minimum assessment of
the latter.

In Table 26 the percentage of seedlings booked as grazing-damaged has been
entered distributed on height levels and cutting-age groups. It can be read from
the table that new and stand regeneration of coniferous plants have been damaged
equally much except at the altitude Too—199 m above sea level, where the damages
in new regeneration are heavier. The damages in new regeneration seem to cul-
minate at a cutting age of between 10 and 20 years within the lower altifudes.
In the higher altitudes the culmination appears less evident.

New regenerations of birch seedlings have been damaged to a considerably higher
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degree than new regeneration of coniferous seedlings. The means for equal areas
within all cutting ages are at the four altitudes the following:

Coniferous s, Birch seedlings

100—199 m ab. sea level.......... 5.3 9.4
200—299 » » » | YN 2.0 15.5
300—399 » » » | S 2.6 I11.4
400— »ooy D 1.3 8.3

The damages on the birch seedlings show at the lower altitudes the same ten-
dency to culminate between cutting ages of 10 and 20 years, which could be ob-
served for coniferous plants. As for these the culmination becomes less evident
within the altitude 300—399 m above sea level and has above 400 m above sea
level moved towards the highest cutting ages. — Stand regeneration of birch
seedlings occurs very sparsely and the figures for this category of plants are there-
fore very easily affected by pure chance accidents.

The conclusions that can be drawn from the figures propounded are for reasons
mentioned previously very limited. They are chiefly restricted to the following.
The birch regeneration is considerably more damaged by grazing than the regen-
eration of coniferous forest which probably depends to a great extent on the fact
that birch is more appetizing to the cattle than coniferous seedlings. Several
fencing tests have shown an amazing increase of the number of birch seedlings
and of their growth within the fenced area as against the grazed cutting area
outside the fencing.

It can further be supposed that the frequency of grazing damages decreases
in proportion to an increasing height above sea level. This is probably connected
with the lower number of cattle per area unit of forest ground at the higher alti-
. tudes. Chance circumstances very easily cause local deviations from this general
tendency, however. Proximity to large villages especially those where sheep and
goats are kept is almost always accompanied by a marked increase in damages
from grazing.

It seems more difficult to draw definite conclusions with regard to the changes
in damage frequency in proportion to the cutting age. In young cuttings the
seedlings are small and it is difficult to observe the damages. Grazing damages
are less different from other damages in young seedlings than in bigger plants.
It is quite possible, therefore, that the low frequency of grazing damages in the
younger cutting ages is apparent chiefly. On the other hand it may be plausible
that the damage frequency decreases for the higher ages. Generally the older
cuttings will offer worse grazing possibilities than the younger ones, i.a. because
the regenerations have started to grow dense in the former cuttings at the lower
altitudes. Old grazing damages are gradually healed up and new arise to a less
extent, partly for the reasons previously mentioned, partly also because several
of the plants attain heights where they are immune from damages.

For ““other woods” the following mean can be given for the percentage of grazing
damaged seedlings for an equal area within the various cutting-age classes:

Aspen seedlings.............. 17.3 %
Alder PN 5.0 %
Sallow » ...l 42.9%
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The figures seem to prove that aspen, sallow and rowan are still more than
birch subjected to damages from grazing.

IX. On comparisons between different regenerations

It has been stated earlier that the regeneration result is justly measured by
the ground value at the beginning of the regeneration period and that this is a
correct base, therefore, for comparisons between different regenerations in econo-
mic forestry. On the other hand it is obvious that our knowledge of the future
value-production of different regenerations is too rudimentary in general to permit
of economic comparisons of this kind. This is especially the case for natural regen-
erations of the structure and quality as treated in this paper. This type of regen-
eration has practically not existed in Norrland previously. The older stands have
almost without exception originated after forest fires. It is undoubtedly important,
therefore, that these regenerations are taken into consideration on the basis of
their unique structure and general occurrence at future production investigations.

Both with regard to the difficulties experienced at an economic assessment of
the regenerations and on account of the urgent regeneration situation in Norrland
it seems desirable to find ways to an in as far as possible simple, comprehensive
judgment at least on the most important of the many different qualities of a regen-
eration. This judgment should of course be based on observations in the regen-
erations. In chapter IV—VIII part of the qualities of the regenerations have been
treated. Consequently we shall have to found our studies on this treatment but it
must be epitomized and concentrated in order to be applied to the practical purpose
we shall now discuss.

Professor O. ENEROTH (1945) has previously touched upon similar ideas. He
approached the problem from the conception of density. A regeneration has the
density degree o.7 e.g. when an assessment shows that it contains 1.0 — 0.7 = 0.3
or 30 9, zero plots. In this case the assessment should be performed with plots of
a certain size fixed by what ENEROTH calls the “‘pretention level“. In a certain
regeneration small sample plots entail a higher percentage of zero plots, on account
of which 30 9%, zero plots implies denser stands of seedlings when assessing with
small sample plots than with large ones.

At the present investigation the chief aim of which was the analysis of the
structure and quality of the regenerations performed in Chapters IV—VIII,
sample plots of the same size had to be used. No reason could be propounded for
a variable size of the plots, partly because the investigation aimed beyond a
measure of density only and partly because the correct pretention level was and
is still unknown for all varying production and sale situations.

The most important qualities of the vegemevation population

There will be no doubt about the fact that thenumber of seedlings per hect-
areis one of the mostimportant qualities to be taken into consideration when asses-
sing a regeneration. It could possibly be asserted that in the pine grounds of Upper
and Inner Norrland the number of seedlings above a certain height limit is still
more important. This question need not be discussed in detail here. A wish in
this direction can as a matter of fact be satisfied more easily and certainly also
more correctly in principle through weight index than by totally leaving out an
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important part of the regeneration. The higher plant stand is recruited from the
lower stand and consequently the latter cannot be totally without value.

A structural quality of essential importance for the quality of the regenerations
is their degree of groupedness. There will be good reasons for the conception
that the trend of production is more favourable and the value-production higher,
if the regenerations are evenly distributed on the area, than when they are unevenly
distributed. Thinning can give uneven seedling stands a considerably more even
distribution. The importance from a forestry point of view of clustering should
therefore not be exaggerated.

A third quality of importance is theinequality in height of the regenerations.
This will as a rule also affect the production unfavourably. The unfavourable
influence e.g. of advancing wolf seedlings in the stands is well known. Greater
damage is caused still when a sparse, qualitatively inferior overwood closes partly
and in consequence makes it impossible for great masses of small seedlings to assert
themselves in the production process.

Finally the quality of the seedlings'plays an important réle for the eco-
nomic result of production. Bad trees have to be removed at the improvement
cuttings to provide better development possibilities for the good ones. In that
case the bad trees provide a lower yield than they would have done if they had
been satisfactory. Greater losses arise still if the greater part of the producing trees
in the stand are of a bad quality.

‘We shall try to combine the four qualities of regenerations mentioned into one
single judgment. This should be objective and well defined as to its tenor, at the
same time conforming as much as possible to the demands of reasonableness
from a point of view of forestry to be put on regenerations of various kinds. It
should be considered self-evident that the judgment in question receives the
character of an approximation i.a. because it must contain both quantitative
and qualitative elements. It should be added, besides, that we purposely omit
the time consumed to attain a certain regeneration result and that consequently
the absolute size of the seedlings is left out of consideration. Guidance for the
assessment of the stage of development of the regenerations can be had from
the age of cutting, the height curves (Chapt. VI) and the frequency distributions
of the plant heights (Chapt. VII).

The distribution of the plants on the avea

The number of seedlings per hectare or per plot of a certain size would be com-
pletely satisfactory as a basis for comparison between two regenerations if the
seedlings were distributed on the area in the same way, if their heights
were distributed in the same way and if their qualities were the same.
Nobody will e.g. object against the statement that two planted stands on the same
ground, with the same spacing, with no zero-holes and the same type of seedlings
are fully comparable. As a matter of fact they are completely equal if our demands
on equality — similarity — are not stretched beyond the four qualities mentioned
in the previous section. If this is valid for regenerations regularly spaced, it is
also valid for other distributions defined by a definite frequency function with
equal parameters in both cases compared.

We can go one step farther, however. Let us consider — for the moment — only
the number of seedlings and their distribution on the area — accordingly without
drawing the size of the seedlings into the discussion. If two regenerations are
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equally dense, when their seedling distributions have the mean m and for the
rest also equal parameters, the definition below will appear natural. We presume
that the regenerations follow a certain given frequency distribution, which we
can assume has two parameters at the highest. One is the mean ., and the other
can be expressed in an indenominate figure and is consequently independent of
the scale. '

One can apparently say, that if two regenerations have the mean
m and c-m resp. while the remaining parameter has the same value
in both cases, the latter regeneration is ¢ times as dense as the
former i. e. the densities are proportionate to the means.

This definition seems particularly obvious when the distribution of the regen-
erations is described through PoissoN’s function which has the parameter m
only. A Poisson-distributed regeneration will conserve its type of distribution in
growing denser. As to natural regenerations of the ENEROTH type it is obvious
(cf tab. 18) that they also will grow denser in such a way that the ENErROTH-dis-
tribution is conserved and the perturbation approximately constant.

Two ENEROTH-distributed regeneration with the same means are therefore,
equally dense only if their perturbations are equal. If in one of them the perturba-
tion is greater than in the other, the former is more clustered than the latter,
which gives us cause to consider this one as worse from a point
of view of forestry.

Now two questions demand an answer, viz.:

1. Which concrete tenor shall we give to the conceptions better and worse in
this connection?
2. How is the degree of ‘goodness most suitably measured?

To answer the first question we must try to elucidate what measures can be
thought to be taken from a viewpoint of forestry, to improve a bad condition.
As the problem as a whole is dependent on natural regeneration and its relative
degree of goodness planting of gaps is principally not justified in this context.
‘What is left only is the thinning of dense groups in order to obtain in that way
a more even distribution of stems. Accordingly the regeneration is better, the
plant distribution of which demands relatively smaller thinning interference,
worse is that which demands stronger interference in order to obtain a certain
degree of evenness.

The relative strength of thinning should therefore be applicable as a measure-
ment of the degree of goodness of the regenerations. Absolutely measured, however,
the thinning can be made unlimitedly strong and the distribution of plants almost
unlimitedly even. The greater number of plants is thinned and consequently the
more even the distribution of the plants becomes, the smaller number of plants
is left. It is evident therefore, that very far pushed demands on evenness may
entail the thinning out of the stand giving it both with regards to evenness and
number of plants a worse quality than it had originally. Consequently a limit
must be set for the strength of the thinning.

The aim of dispersing the groups should of course for the purposes of comparison
now actual, only be the equalization of the distribution of plants not the attain-
ment of a certain desired number of plants. From the point of view of comparison
thinning is therefore equally justified in grouped, sparse regenerations as in dense
ones. The limit for equalization appears to be adjustable to advantage at the
- degree of groupedness which cannot be avoided even on grounds with the most
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ideal evenness. This groupedness arises in random distributed regeneration,
the distribution of which accordingly follows Porsson’s function (8). After the
groupedness has as far as this is possible been made to agree with the Poisson
distribution that has the same mean as the original regeneration, we shall
consider the remaining number of plants as an estimation of the number of plants
in the regeneration corrected for supernormal groupedness.

In the following paragraph the calculation of the required corrections will be
treated first, after which their effect will be further illustrated.

Correction factors for the uneven distribution of the plants
in the area. In Fig. 46 a fictitious map is presented of a cutting with seedlings.
The cutting area is divided into 100 square ‘‘sample plots’’. The mean number of
plants per sample plot is m = 2.97, 6% = 7.79, Q% = 2.62 and'g = 0.739. Drawn up as
arecord the distribution of the seedlings appears as shown in Table 27, in which
beside the frequencies observed, also those calculated from the PoissoN function
have been given in integral numbers. Besides the differences have been noted and
finally the distribution of the plants remaining after group equalization.

From the table it appears that the observed frequency distribution shows a
surplus of plots with a high number of plants, a deficit in the vicinity of the mean
and a surplus again of plots with a low number of plants, here o and 1. A partial
transformation of the observed distribution into a Porsson-distri-
bution can evidently be obtained through thinning the plots too
rich in plants. Thus the observed plot with 11 plants can be changed into a
plot with 6 plants in which class the table shows a deficit of 3 plots. This is done
by cutting 5 plants. The deficit in-class 6 is thus reduced to 2 while the surplus
in class 11 is eliminated. In class 9 3 plants per plot are removed in 2 plots, which
are thus transformed into plots with 6 plants. Now the deficit in the 6-class dis-
appears. In the two remaining plots in the g-class 5 plants per plot are removed.
The surplus in the 9-class is now eliminated and the deficit in the 4 class reduced
to 6. The same proceeding is followed for the 8- and 7-classes, the surplusses of
which are eliminated by thinning to plots with 4 plants. We assume, for reasons
afterwards mentioned, that these thinnings will be performed without any special
selection of plants.

The final result is a distribution of plants showing a remaining surplus of 19
and 1 plots resp. in classes o and 1 and in the classes 2 and 3 a remaining deficit
of 10 and 10 plots resp. The distribution of the remaining plants is consequently
obtained by the addition of the remaining differences with their symbols to the
frequencies of the Poisson-distribution which has been done in the last column
of Table 27. 8

The mean in the remaining distribution is 2.48. If the decimals-are entered in
the Poisson-distribution and the differences a more exact figure is obtained,
viz. 2.4850. The original mean was 2.97. The quotient between both means is
2.4850/2.9700 = 0.8367. The number of plants corrected for supernormal grouped-
ness is therefore 83.67 9%, of the original.

A more practical calculation scheme than the one presented in Table 27 is found
in Table 28. When investigating real cutting -areas with a small number of plots
per area it happens not so seldom that the graduation of the surplus-differences
can be performed in more than one way. The way has in these cases always
been used that gives the lowest possible thinning percentage. This
is obtained through the use of the calculation scheme in Table 28 which has been
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pointed out by B. MATERN In Table 28 the number of thinned plants appear in
the last column with a positive symbol. As the original number of plants before
thinning is 2.97-100 = 297, we obtain the quotient R, = (297 — 48.5)/297 =
0.8367 as previously.

The relative number calculated in the way now mentioned will
in the following treatment be called the area-factor and be denoted
by R, The plant distribution of the remaining plants is called
the normalized distribution.

We shall now demonstrate through a few examples that the mean of this distri-
bution can be considered as the estimate of the number of plants corrected for
supernormal groupedness.

Through the normalization a discontinuous distribution arises which agrees,
from o to a class near the mean, with the original ENEROTH-distribution and
subsequently with the Poisson-distribution. If two ENEROTH-distributions with
the same mean and perturbation are normalized they become identically equal.
If on the other hand the perturbation in one is greater than in the other, two
dissimilar normalized distributions arise. The discrepancy only appears, however,
in the part that follows the original ENEROTH-distributions.

A picture of the effect of the normalization on a few different frequency distri-
butions is shown in Fig. 47. The three distributions have arisen from the ENEROTH-
distributions with the mean 3.0 and the perturbation square of 1.4, 1.0 and 0.6
resp. which interval embraces about the whole width of variation (Cf Fig. 28).
The frequencies deviate more or less from each other within the classes o—4 but
coincide subsequently from 5 upward. The means are 2.22, 2.37 and 2.56 resp.
which proves that the distribution with the highest perturbation after normalization
is the most sparse one and the distribution with the lowest perturbation the densest
one. The perturbation square in the normalized distribution is g* = o.50, 0.37
and o.23 resp. as against the original 1.40, 1.00 and o.60 resp. Thus the perturbation
square has been considerably reduced which proves that the distributions have
approached the corresponding Poisson-distributions.

According to what has been said in the previous section the density of the regen-
erations should be proportionate to the means if the distributions had the same
form. Obviously this is not the case for these three normalized distributions.
An idea of the differences between them can be obtained from Fig. 48. The inter-
mediary curve is here the normalized frequency distribution with the mean 2,37
and the perturbation square 0.37 which has arisen from the original regeneration
with the mean 3.00 and the perturbation square 1.0. Both the other curves have
been obtained in the following manner. Trials have shown that a regeneration
with g% = 0.6 and an original mean of abt 2.7 receives after normalization a mean
of approximately the same size as in the distribution first mentioned or m = 2.33.
For g% = 1.4 an original mean of 3.2 yields after normalization of the distribution
the mean 2.34. Borth curves have been calculated on the basis of these values of
mean and perturbation. The three curves presented in Fig. 48 thus have approxi-
mately the same mean and the differences between them express the discrepancy
remaining in the normalized distributions, which have relation to the differences
in perturbation only.

Fig. 48 shows that the distributions have a trend similar in the main characters.
Differences remain, however. It is important to try and arrive at a conception
as clear and tangible as possible of what these differences may imply with regard
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to the judgment of a regeneration. Fig. 48 is not well adapted to this purpose.
Maps have been made instead of the theoretic distributions obtained with the
aid of tables of random numbers. The places of square areas with o, 1, 2 .....
seedlings have first been established on the basis of two table-figures denoting
the coordinates of the areas in a rectangular system of coordinates. The places
of the seedlings within each area have subsequently been determined in the same
way. It appears from the maps I, IT and III in Fig. 49 what the three original
regenerations look like and from the maps IV, V and VI how the corresponding
normalized regenerations look. ‘
The groupedness in the original regenerations I-—1I1IT is striking. After normaliza-

" tion in IV—VI it is on the other hand extremely reduced. An estimation of the
number of plants corrected for supernormal groupedness as the product of the
area-factor and the original number of plants per hectare implies in this example
that the regenerations IV—VI are considered equivalent from a point of view
of distribution. As a matter of fact it should be possible to put them on equal
footing with good approximation. A careful examination of the maps IV—VI
shows of course, that the groupedness is slightly less pronounced in IV than in
VI, which also should be the case with regard to the p*-values 0.23 and o.50 resp.
The difference appears to be so small, however, that it can be neglected for the
purpose of the comparison in question. Accordingly strongly grouped regenerations
are classed slightly less low and weakly grouped regenerations slightly less high
than would be reasonable in proportion to an averagely grouped regeneration.

Thus we arrive at the following conclusion: If the number of
plants in a natural regeneration is denoted N, the number of plants
corrected for supernormal groupedness will be obtained with good
approximation as the product

R N

a

The area-factor according to the material. The area-factor with only
coniferous plants taken into consideration has been calculated from the scheme
Table 28 for each individual cutting. The calculations yielded varying mean values
very similar for different cutting groups. The means in groups proportionate to
number of plants per plot keep on the whole the same level for all groups as
is apparent from Fig. 50. Actually a very faint, slightly curvilinear relationship can
be traced between R, and m, which besides agrees closely to the one to be ex-
pected in accordance with the theoretic investigation mentioned below (Cf Fig.
52). For practical reasons the association seems to be negligible.

Thus the material shows that the area-factor varies from one
cutting to the other, but that it has an approximative constant
mean value. This mean value is:

R, = 0.790.

Assuming that the ENEROTH function is valid for the plant distributions and that
the number of plots is very high the theoretical value of the area-factor can be
calculated either direct from the formulas for the EnEroTH function and the
Poisson function or for certain m-values from Table 18. The results are equal

11—Medd. frdn Statens skogsforskningsinstitut. Band 38:9.
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neglecting rounding errors in the fourth decimal. Accordingly the theoretic value
of R, is obtained for:

m =1, R, = 0.83
m =4, R, = 0.77
m =8, R, = 0.82

with the mean 0.81 surpassing the corresponding value for the graduated material
with less than o.02. The positive difference can probably be explained from the fact
that the cutting areas contain only abt 25 sample plots each. As has been pointed
out by B. MATERN the theoretic value of R, should in this case be slightly lower"
than when the number of sample plots is infinitely high. The conclusion has been
verified where it appeared also that the systematic underestimation of R, increases
in proportion to increasing m (Cf table on page 9o0). The difference between the
value of the area-factor when assessing with an infinite number of plots and with
25 plots is not very great, however. At the trials in question it amounted to 4.5 %
of the average value o.77 obtained after assessment with 25 plots. This difference
is without great importance for the actual comparative method. The theoretical
calculation shows besides that the area-factor for an ENERoTH-distribution is
slightly affected by the number of plants. At a constant perturbation the associa-
tion is faintly curvilinear with a minimum in the vicinity of m = 5 (Cf Fig. 52).
The form is straightened in the material on account of the interaction between
decreasing perturbation and systematic error of estimation (Fig. 50 and Tab.
page 9o).

The area-factor and the size of the area. Through the grouping in the
cuttings the seedlings are arranged in a pattern the detailed structure of which
is for the greater part unknown up to the moment. It is possible, therefore, that
assessments with an area size different from 6.16 m?2 could yield different area-
factors than those calculated above and that the size of the area can consequently
influence the comparisons.

At the advice of B. MATERN a few cutting areas have been assessed with different
plot-sizes in order to obtain an idea of an association if any between size of plot
and area-factor. The calculation of the area-factor is based on the differences
between the actual distribution of small sample plots with different numbers
of plants and the corresponding Poisson-distribution. At the required thinnings,
conceived more or less concretely, it is assumed that the place of the seedlings
to be removed is not specially selected but decided at random. This is necessary
with regard to the corrections for uneven height distribution and plant type
mentioned later, which it ought to be possible to perform independently of the
correction for the area distribution. From a point of view of forestry this condition
should not entail injurious consequences as long as the sample plots are relatively
small, e. g. 2 to 3 m2 On the other hand it is obvious that it is not immaterial
from a point of view of forestry where a seedling is removed in a very large sample
plot. As time passes the regeneration, strongly grouped when young, is more and
more equalized through improvement cuttings. Already before the number of
trees has been reduced to 500 per hectare the distribution of stems should be
even in the main. When the number of trees is 500 per hectare each tree represents
an area of zo m2 At this size of area it is not even at a very advanced stage of
development immaterial where in the plot the tree stands. It seems possible there-
fore, to limit the investigation now of interest to plot sizes between 3 and 20 m?
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At the assessment series of circular sample plots were used with the radii i.o,
1.4, 2.0 and 2.5 m and a common centre. Three regenerations on ordinary Vacci-
nium type were assessed with 64, 50 and 55 sample plot groups resp. They have
been denoted below as sparse, medium ‘dense and dense resp. The area-factors
were the following.

Radius Sparse Medium dense Dense
1.0 m 0.80 . 0.81 0.82
1.4 » 0.80, 0.79 0.84
2.0 » 0.78 0.86 0.86
2.5 » 0.81 0.87 0.84
Mean 0.80 0.83 0.84

0 1.19 1.06 0.87

It appears from the compilation that the area-factor within one and the same
stand is hardly appreciably affected by changes in the size of the plot within
the interval 3.15—19.63 m2. The increasing tendency from the sparse to the dense
stand is explained from the simultaneously decreasing perturbation. At the bottom
the mean of the latter has been given for the four plot sizes.

With reservation for the scarcity of the material we have accord-
ingly found that within wide limits the area-factor is approxi-
mately independent of the size of the plot. From a practical point
of view this remarkable result is of great importance. This means
that the product R,-N as a measure of the density of the regen-
erations after correction for supernormal groupedness will combine
a concrete forestry tenmor with an essential degree of universal
applicability.

It is the opinion of the author that more intensive mathematlcal-statlshcal
studies on the.problem of plant distribution can be expected to lead to valuable
results from a practical and theoretical viewpoint of regeneration. It seems neces-
sary when doing so to take into consideration not only the distribution of natural
regenerations in the area but also the distribution of artificial reforestations. It
seems not at all improbable that investigations of that type will enable us to obtain
an illustration of the special patterns that characterize various types of grounds
and regenerations and thus contribute to the discovery of the biological realities
at the back of them. '

The association between the area-factor and the perturbation.
Both the area-factor and the perturbation are affected especially by the degree
of groupedness. Consequently the association between perturbation and area-
factor will be strong.

This is actually the case, as appears from the following regression of R, on g
R, = 1.0000 —0.2276 ¢ + 0.0204 0% .............. (27)

a

Through the correlation the original s. d. s, has been reduced from o0.1259 to
S, = 0.0595 being 47 % of s,. The correlation coefficient is 0.884 which indicates
a very strong covariation (Cf Fig. 51).

The area factor is not affected by the perturbation only, however, but also
though rather weakly, by the number of plants. This has previously been demon-
strated (page 9o) for exact ENerorH-distributions. The theoretic association for
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two different values of p? receive the form presented in Fig. 52. In consequence
it should be theoretically more satisfactory to calculate the area-factor for an
actual cutting area in accordance with calculation scheme II, Table 28, than
through calculating the perturbation and subsequently using the function (27).
The latter procedure yields a good approximation, however.

Conclusion. It is considered self-evident that the densities in regenerations
with equal area distributions are proportionate to the numbers of plants.

By thinning the dense groups in grouped regenerations these can be brought
to partial agreement with corresponding PorssoN-distributions. Thus normalized
plant distributions arise sufficiently equal — without regard to the original degree
of groupedness — for an approximative proportionality to be considered extant
between the density and number of plants for same.

The number of plants remaining after thinning natural regenerations, divided
by the original number is the area-factor which has the mean value 0.790 but is
different from cutting to cutting. The area-factor is practically independent of
the size of the sample plot within the interval 3—20 m2.

The product of the area-factor and the number of plants per hectare is an approxi-
mative estimation of the number of plants corrected for supernormal groupedness.
This product, therefore, is directly comparable for various regenerations.

Correction factors for the height distribution of the plants

In a natural regeneration the dispersion in height is largely caused by the growth
time of various length the plants of various ages have had at their disposal. Plants
of exactly the same age on the samée site, however, also have a certain height
dispersion. It seems not unreasonable to set the height dispersion of plants
of the same age as the basis for comparisons with regard to the height structure.
The dispersion shown by these plants cannot be avoided even in the most ideal
self-regeneration arisen after one single seed year.

A certain idea can be had of the quality of this distribution through investi-
gation of planted stands at various stages of development. Consequently similar
investigations have been performed (the material is recorded in Table 2). For
reasons easily understood the main part of the material had to be taken from Middle
Sweden and South Norrland. As most planted stands have been executed with
very few variations in planting distance the material represents this average
distance only although with the variations caused by various gaps and by self
seeding occurring to a slight degree in some places.

The heights of planted pine- and spruce stands resp. were plotted partly in one
metre-classes, partly in half metre-classes at which the class 0—g9, 0—49 resp.
was denoted by o, the following by 1, 2, 3 etc. Mean height and dispersion in class
units were subsequently calculated. The means of the perturbation were:

1 m classes 0.5 m classes
Pine and spruce — 0.305 — 0.03I
For the halfmetre-classification which is obviously quite near to an ordinary
Poisson-distribution, the means of perturbation for:
pine = — 0.027 spruce = — 0.035

A closer agreement still with the PoissonN-distribution could probably have
been obtained with slightly smaller height classes than o.5 m. The result achieved
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was considered good enough, however, besides which there were strong practical
reasons for maintaining the halfmetre-classification. The height distribution in
halfmetre-classes of mainly even-aged seedling stands with numeration in accord-
ance with the above will therefore be considered below as on the average approxi-
mately distributed according to the Porsson function.

On account hereof correction factors for the uneven height distribution of the
plants can be calculated in a way principally agreeing with the calculation of
correction factors for the uneven distribution on the area of the number of plants.
The correction factor for the height distribution is called the height-factor and
denoted by R,.

To estimate the correction downwards of the number of plants which should in
reason be caused through supernormal height dispersion, we shall consider what
measures could be used in forestry practice in order to improve a bad state. As
a matter of fact there are two measures applicable in practice for the types of
regenerations in question. We will take into consideration only that one known
as “‘cleaning in a young stand”. (Swedish term ‘‘plantskogsréjning’’). The Swedish
term was probably introduced by J. E. VRETLIND who executed cleaning in young
stands to a high degree in self-seeded stands in the Mala forest district. It comprises
removal of overgrown plants that can be substituted by smaller plants in their
vicinity. The consequence is that the mean height, the height dispersion and the
mean age of the plants are reduced. This cleaning of young stands should not be
permitted to go to any length. We shall investigate below what result is obtained
if the limit is set in analogy to previous argumentation at the point where the height
distribution of the remaining plants has attained the closest possible agreement
with the Poisson-distribution.

Calculation of the height-factor. As appears from Table 19 the classes
o and 1 contain for coniferous plants usually more than 75 9, of the total number
of plants. The PoissoN-distribution that can be obtained through a successive
removal of overgrown plants will thus consist of plants in some of the lowest
height-classes among which the classes o and 1 dominate totally. It will therefore
be suitable to set the limit for ‘“‘cleaning of young stand’ at the point where a
Poisson-distribution is attained that has the same absolute frequencies as the
original regeneration in the classes o and 1.

‘When applied to the actual material, the cuttings of which often contain very
few plants and where the frequencies in the o- and 1-classes are consequently
strongly affected by chance factors, it is suitable to substitute the observed fre-
quencies by those derived in accordance with the ENERoTH function. If therefore
in the EnNeroTH distribution of height, the relative frequencies in the o- and
1-classes are denoted by E, and E, resp. and in the PorssoN-distribution remaining
after ‘“‘cleaning of young stands” by P, and P;, we find:

2

m
E1=E0?;P1=Po-ml,and:

Tp == o e (28)

In the above formulas # denotes the mean height in class units in the original
Eneroru-distribution, while m, is the corresponding figure in the remaining
Poisson-distribution, the relative frequencies of which in the classes o and 1 bear



the same ratio as the graduated frequencies of the original height distribution
in the same classes.

It is easily understood that the number of plants must be as large in the
o- and 1-classes of the Porsson-distribution as in those of the ENERoTH-distri-
bution, as the Poisson-distribution should be reached at least before the 2-class
is totally removed. If therefore, the regeneration contained originally N plants,
which number was reduced after the ‘“‘cleaning of young stand” to z plants we
obtain N(E, + E;) = »n (P, + P;) and from this

E, Py '
N {1+ o Ey=mn (14 —) P, or, eventually as
0 Py

E,|Ey = P,|P,, n/[N = Ey/P;. n/N however is equal to the sought height-factor
R, and consequently:

The height factor therefore, is the expression of that part of
the total number of plants, the heights of which, registered in half
metre-classes, follow a Poisson-distribution with the same ratio
between the frequencies in the o- and 1-classes as in the ENEROTH-
distribution adjusted to the original regeneration, or — if we want
to use that wording — with the same absolute frequencies in the
o- and 1-classes as in the ENERoTH-distribution of the original
regeneration.

Although it is of inferior importance practically, it should be pointed out,
however, that the observed frequencies in the classes o and 1 jointly with the
frequencies in the classes 2, 3 etc. calculated on the basis of (28), form an exact
Poisson-distribution only if the two frequencies first mentioned are equal to
the corresponding frequencies according to the ENErRoTH function. If this is not
the case for a certain regeneration, only an approximation to the Porsson-distri-
bution (28) can be obtained from it in reality.

As an illustration of the calculation of the height factor the cutting No 75 in
Table 22 can e.g. be used. The plant numbers observed and calculated according
to the ENEROTH function are given in Table 29. From the observed frequencies
are calculated #m = 0.4153, 0 = 0.7692 and consequently m, = 0.2243. Moreover
we find from (18) E, = 0.7407 and from (8) P, = 0.7994, and thus R, = 0.9266
and the required cleaning percentage = 7.34. The number of remaining Poisson-
distributed plants is obtained through multiplication of the relative frequencies
calculated from (8) by R, - N = 0.9266 + 183 = 169.6. These plant numbers have
been entered into Table 29, last column, after rounding to whole numbers. Thus
the sum is 169 instead of 169.6. In reality there are only 134 plants in class o
while the exact Porsson-distribution demands 136. Also in the 1 class there is
a surplus of 4 plants. Consequently the series 134, 34, 3 is only an approximative
Porsson-distribution.

The height-factor according to the material. A value for the height-
factor has been calculated from (29) for each individual cutting area with regard
to coniferous plants. The mean value for the whole material was R, = 0.862.
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The height-factor appeared to decrease in proportion to an increasing cutting-age
on account of which a correlation was made, which gave the following result:

R, =1. —o. e R .
» = 1.0054 — 0.0922 - (30)

The remaining dispersion about the regression line is chieﬂy caused through
the proportion of stand regeneration varying in different cutting areas, with
which R, is naturally closely associated.

The constants in (30) have the following standard errors:

Constant Standard error Same in %
1.0054 0.0512 5.10
0.0922 0.0312 33.85

The trend of the regression line through the group means of the material appears
from Fig. 54. The value for the height-factor for each year from 5 to 30 has been
calculated in accordance with (30) and entered in Table 30.

The product of R, and the number of plants per hectare in a certain regeneration
yields the number of plants that are with regard to height approximatively Poisson-
distributed. One thus receives with the same symbols as above » = R, - N. We
find from this that the ‘‘cleaning of young stands” in accordance with the prin-
ciples stated above has given a thinning percentage of 100 (1 — R;). The height-
factor as a part of the comparison-system would of course gain increased value
if this thinning-percentage corresponded to the averagely applied percentages at
thinning young stands in practice. In spite of these thinnings enjoing real popu-
larity at present, very little seems to be known about the average strength of the
measure. From the forest officer J. E. VRETLIND the author has received with
gratitude what are probably the only figures at present available and known
with certainty.

Within a cutting area with sparsely occurring seed trees, burnt over in 1936,
young stands were cleaned in August 1940 in three different sample plots. When
doing so in the plots 1, 2 and 3, 11.2, 8.1 and 9.8 9, resp. of the original number
of plants of pine and spruce were removed i.e. on an average without regard to
the slightly varying sizes of the sample plots, 9.7 %. According to the method
used for determining the age of cutting this was 14 years. For this value according
_ to (30), R, = 0.8764 is obtained corresponding to a cleaning percentage of 12.36.
The agreement between the observed cleaning percentage and the one calculated
on theoretical grounds can be considered quite good, especially when taking into
consideration that the material for the calculation of R, contains considerable
amounts of overgrown spruce trees (stand regeneration) which cannot to any
great extent have been the case in VRETLIND’s burnt cutting. Overgrown, rather
old spruce trees usually contribute to a decrease of R,, however, and consequently
to an increased cleaning percentage, which besides seems justified from a view-
point of forestry. — Of course no far-reaching conclusions can be drawn from this
single example, but it seems to prove at least that the size of the height-factor
does not deviate strikingly from what can be considered reasonable from a point
of view of forestry.

The association between plant-density and plant-height. If we
should want to assess the number of plants in a regeneration after correction
for groupedness and correction for supernormal height dispersion to the amount
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R,- R, N, this can be done in accordance with the previous accounts but
only under condition that the number of plants does not show any strong corre-
lation with the plant height. If a strong positive correlation prevailed, e.g. the
high plants to be removed at a ‘“‘cleaning of young stands” occur for the greater
part in the dense groups where thinning has to be done at any rate in order to
obtain the required area-distribution. There is a possibility at this thinning to
remove the high plants in the first place. Through this the product R, R, -N
would imply an unreasonably strong downward correction, as R, in itself already
contains a greater or smaller part of R,.

To find out the correlation between plant density and plant height, the follow-
ing calculations have been performed for 1o cutting areas of different ages be-
tween 100 and 400 m above sea level. First the number of plants = (1 — R,) - N
- to be removed at ‘“‘cleaning of young stands” was calculated. Then the (1 — R,) + N
highest plants were sought and the number of plants recorded for the sample
plots in which they stood. The mean number of plants on the plots in question
was denoted by .

If there is no correlation, this implies that the (1 — R,) N highest plants can
be considered as equally many plants selected at random. The mean number of
plants in a plot in which a plant taken at random stands is, however, according
to the following formula designed by B. MATERN equal to

n—1I

M/Lg=m+

Q%

in which m denotes the mean number of plants per plot in the whole cutting
area and # the number of plots.

If then, m, is greater than m,, a positive correlation is extant, i.e. high plants
are concentrated to plots rich in plants. If #, is smaller than m,, the correlation
is negative and high plants are preferably found in sparse plots. The investigation
showed that the correlation in one cutting was o and in the others negative. On
the average m, was = 9.67 and m; = 6.72 plants per plot. The total mean number
of plants per plot for the 1o cuttings was 5.78. As accordingly s, lies within the
area of the distribution where no plants are generally removed at the thinning
necessary for the calculation of the area-factor, it is evident that the whole effect
of the height factor can be included without any appreciable risk for unreasonably
strong correction. We assume as a first approximation therefore, that the thinning
of the groups and the “cleaning of the young stands” are executed independently
and that the combined effect of the measures is measured by the product R, - R, - N.

Conclusion. Correction for the uneven height distribution of the plants can
be performed through a measure which is very similar to “‘cleaning of young stands’’.
When doing so plants becoming overgrown are removed to the limit where the
remaining plants form an approximative PorssoN-distribution. The quotient be-
tween the remaining and the originally extant number of plants is the height
factor R,. The height factor decreases proportionate to an increasing cutting-age.
Its average value is 0.862. The number of plants corrected for uneven height
distribution is estimated at the amount R, + N at which R, is calculated from
(30) for various cutting ages or is taken from Table 30.

The number of plants corrected for both groupedness and supernormal height
distribution is estimated at the amount R - R, - N.
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The corvection factor for plant type and the combined covvection factor

In the Table of weight indexes 23, we find data on how the average plant of a
new regeneration or stand regeneration resp. is estimated at various cutting ages
in proportion to a faultless, well-shaped plant. As, which has been said previously,
the appearance of a seedling plays a r0le at the assessment of the regeneration .
result, this weight index — or #ype-factor if we want to maintain the analogy
to the area-factor and the height-factor — seems to be usable as a correction
factor R,, which, multiplied by the number of plants, yields an estimation of
the total contents of faultless plants in the regeneration.

Accordingly we assume, that R, -+ N is the number of plants cor-
rected for plant type.

The type factor is independent of the plant height and can at any rate not be
regularly worse in the dense plant groups than in the sparse cutting compartments.
If consequently we combine all correction factors and estimate the number of
plants of a regeneration after correction for area and height distribution and
plant type at a number of plants:

R,*R,*R,*N ..., (31)

we shall probably have obtained a not unreasonably low assessment.

The combined correction factor has been calculated for new regeneration and
stand regeneration resp. of coniferous seedlings and entered for various cutting
ages in Table 31.

Conclusion. The regeneration remaining after corrections for supernormal
groupedness, uneven height distribution and plant type can be denoted comparison
vegenevation. It can be said to be a regeneration of faultless plants with Poisson-
distributed heights and an area distribution immaterially deviating from a nor-
malized ENEROTH-distribution. The deviation is due to a disturbance of the nor-
malized ENerRoTH-distribution arising in reality at a ‘“‘cleaning of young stands”
when plant height and number of plants are not uncorrelated.

The number of plants in the comparison regeneration corresponding to a certain
natural regeneration can be calculated from (31). The value of the correction
factors is in that case found from investigations in the field. The mean values
given previously can be used for rough calculations (Table 31). The numbers of
plants in various comparison regenerations are directly comparable with each
other in as far as they are numbers of plants in regenerations that are on the
whole equally distributed on the area, equally distributed in height and consist
of equally good plants. The comparison regenerations are in other words similar
from a point of view of structure and quality.

Comparison vegenerations of planted stands (avtificial fovestation)

For planted stands and patch seedings, which can be considered equal in the
respect mentioned below, it is the general aim to obtain an area distribution as
even as possible. Spacing can, however, not be maintained so precise in practice
that the theoretically possible evenness is fully attained. Conscious deviations
from regular spacing are also performed because it is considered important that
planting holes and seeding spots are placed in such sites where they are easily
produced and where the plants have the greatest probability of surviving. In
spite of all precautions a certain regular loss occurs which can be considered normal.
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Together with irregularities in the spacing distance this causes that comparatively
much is lacking in the theoretical evenness. The real distribution thus often
approaches a Poisson-distribution.

If we depart from a Poisson-distribution with a slightly higher mean than
e.g. a planted stand it can with the aid of adequate thinning be transformed
into an area distribution very strongly reminiscent of that of the planted stand.
The degree of thinning is determined from the calculation scheme I, Table 27
at which the PoissoN-distribution is entered in the second column and the observed
distribution of the planted stand in the third column. When choosing a suitable
mean in the Poisson-distribution a distribution comparatively exactly agreeing
with the observed one is usually obtained after thinning. But of course the place
of the individual plants within the sample plots cannot be fully made to agree
with the planted stand.

For closer investigations into the question how the mean of the Poisson-distri-
bution should be chosen for the calculations mentioned above only a material
of mapped seedings has been at our disposal. It is probable, however, that the
seeded and planted stands in Norrland show approximately the same degree of
irregularity, and the material can accordingly be considered applicable to the
purpose in question. It was proved that the thinned Porsson-distributions could
be brought into very close agreement with the observed distributions if their
mean was at the highest about 40 9, greater than that of the seedings. These
means (the number of patches per sample plot) varied in the 12 investigated cases
between 0.8 and 3.2 and the percentage of blanks between about 1 and 12 9%,.
The interval m = 1 to m = 3 comprises the spacings that will be of the greatest
interest at present, viz. from 2.5 to 1.4 m. The material showed that the mean
of seedings needed raising with on the average 28 9%, (1 value with 1 %, the re-
maining 11 between 20 and 40 9,). The seedings were carried out during the years
1945—1948 and were mapped the latter year. It is extremely probable that the
percentage of blanks will increase for the next few years, which will act towards
a decrease of the percentage addition. For this reason and also because the figure
in question must not be strained too much at the present stage, it will be best
to use for the comparison-method a value rounded downwards to 25 %,.

The PoissonN-distribution corresponding to a planted or seeded
stand performed in practice should therefore have a mean on the
average 25 9% higher than that of the artificial forestation where
for the moment only the area-distribution is taken into conside-
ration. If the mean number of seedlings (seed patches) per area
is m in the artificial forestation, the Porsson-distribution should
have the mean 1.25 m seedlings per plot.

Fig. 55 presents maps firstly of seedings with a varying number of spots per
plot (I—III), secondly of the thinned PoissoN-distributions corresponding to the
seedings (IV—VI). The maps I and IV have the same mean, likewise IT and V
and III and VI. These pairs of distributions are identically equal in as far as
the number of plots with o, 1, 2 ...... seedlings is equally great in both distri-
butions belonging to the same pair. The thinned Poisson-distributions (IV—VT)
are not quite so even as the seedings, however, Greater likeness still also in the
distribution within the sample plots could have been attained by taking PoissoN-
distributions with more than 25 9%, greater means than the seedings as the starting
point. It is questionable, however, if from the viewpoint of forestry the importance
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of the orientation of the seedlings within so small areas as 6 m? is large enough
to justify this. At the first thinning action already, the greater part of the differ-
ences in area-distribution discernible at the early seedling stage will probably
be obliterated.

‘With regard to area-distribution we can now make the transition from cultures
to Poisson-distributions. We have previously shown that the ENEroTH-distribu-
tions of the natural regenerations can be given a certain degree of evenness through
normalizing. To link the chain between artificial forestation and natural regenera-
tion only the step between the normalized ENEROTH-distribution and some suitable
Poisson-distribution is left. This step is far from easy. The task we have under-
taken to perform is to find the counterpart to the extremely grouped, natural
regenerations and the apparently incomparably uniform artificial forestations.
This can of course be done in such a way that we depart from natural regenerations
very rich in plants, that are thinned so severely that the remaing seedlinings will
stand exactly where a seedling would have had its place if the ground had been sub-
jected to artificial forestation. This solution to the problem must, however, be
considered unfeasible on account of the incredibly high demands thus put on the
number of plants in the natural regenerations.

‘We proceed in the following manner instead. The problem is to adjust a PorssoN-
distribution thus to an ENERoTH-distribution that the inavoidable discrepancies
between the class-frequencies of both distributions become as little conspicuous
as possible. If we denote the percental frequency of the ENeErRoTH-distribution in

the class ¢ by N, and the percental frequency of the Poisson-distribution in the
oo

same class by P; the smallest value of the sum X2 = "[(N, — P,)?/P;] has been
o
good guidance for the determination of the relation between the means of the

distributions, where the distributions appear most similar according to the maps
produced. The relation between the mean E of the original ENEroTH-distribution
and the mean of the nearest corresponding PolssoN-distribution P is represented
in Fig 56. Maps of normalized ENEROTH-distributions with the original means
m = 1, 3 and 6 and the nearest corresponding Poisson-distributions, the means of
which are 0.8, 1.9 and 4,4 resp. are shown in Fig. 57.

On the basis of the previous investigations we can now compute a table on the
mean numbers of faultless and normally height-distributed coniferous seedlings
per sample-plot, which correspond according to our system of estimation to each
other in various important distributions (Table 32). In line 1 in Table 32 is the
number of plants in a natural regeneration corrected for height and type, with
average perturbation and consequently the area factor o.79o. In line 2 the mean
number is given for the corresponding normalized distribution (being 0,790 X the
mean numbers in line 1). According to the curve in Fig. 56 these normalized distri-
butions correspond to PoissoN-distributions with the mean numbers given in
line 3. We have previously found that the mean of a common planted stand has
to be increased by 25 9%, to yield the mean in a corresponding Poisson-distribution.
The mean number of the artificial forestation are therefore the figures in line 3
divided by 1.25. These values are found in line 4 and denote the mean number of
seedlings or spots in an artificial forestation. To these numbers of plants the
average square spacings denoted in line 5 correspond.

To explain the figures entered into line 6 the following conditions must be
taken into consideration. In wvery sparse spacing arrangements ordinary
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seeded plants become gradually very wide-crowned and limby. At an investigation
after a certain time, e.g. 30 years after planting they would receive a comparatively
low weight-index. As we take the weight-index (type-factor) into consideration
when assessing natural regenerations, it should also be done fore planted stands.
Of course we know extremely little of the value of the type factor in various
kinds of artificial reforestation and for various spacings but we cannot omit,
however, with the guidance of general experience and a few investigations, to
try to make the best possible judgment of it. When doing so we can depart from
the condition generally known, that successful planting spaced at about 1,3 m
yield trees of an adequate type, i. e. with a weight index 1,0. When spacing at
about 2,5 m, however, the spacing trials of the Institute have shown for pine
(Cf LANGLET, 1937, NASLUND, 1944) very wide-crowned and broad types. According
to the type scheme Table 8, the weight index should in this case receive the value
0.7. It could be mentioned that a figure of this size does not seem unjustified from
an economical point of view. A decrease in quality from unsorted to quinta already,
implies a depreciation of 25 9, to which are added losses on account of more
expensive felling and transport. By connecting both points determined above
by a curve as shown in Fig. 6o, we may consider ourselves to have done what can
be done at present in this question as yet insufficiently studied. Fig. 60 has bearing
upon planted pine in the first place. For seeded pine and planted or seeded spruce
resp. the curve will certainly have a slightly deviating trend. We lack further
criteria as to how it could look, however, on account of which the curve represented
in Fig. 60, has to be accepted for the time being as a first orientation (Cf also next
section). On the basis of Fig. 60 and the data in Table 32 line 5 it can now easily
be calculated what spacings correspond to the spacings in line 5 after type cor-
rection. These spacings are shown in Table 32 line 6. The type correction thus
performed bears upon planted stands at an age so far developed as — let us say
about 30 years — that the tree types have had time to assume the appearance
characteristic for the spacing.

With the guidance of the data in Table 32, lines 6 and 2, finally, it can be calcu-
lated for each spacing how many seedlings per hectare are found in the corre-
sponding comparison regeneration. The calculation has been done in Table
33, which states for spacings from 1.0 to 3.3 with intervals of 1 dm, partly the
number of plants in the planted stand and partly the number of plants per hectare
in the corresponding comparison regeneration (Col. 3a and 3 b, cf below). The latter
figures are directly comparable to the number of plants in the comparison re-
generations of the natural regenerations, i.e. with the value R, - R, -+ R, * N
according to (31).

Comparison between the natuval vegenevations and the planted stands

When calculating Table 33, which aims at making possible comparisons be-
tween natural regenerations at any age from o to 30 years on the one hand
and 30 year old plantings on the other, the probable development of plant
type had to be estimated either for the plantings or for the comparison re-
generations. The latter alternative has been chosen here, which leads to the
limiting values of the number of plants for comparison regenerations, given
in Table 33, columns 3a and 3b.

Column 3a is designed to show comparisons between natural regenerations
and plantings, when the former have attained the same degree of development
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(approximately = age) as a thirty year old planting. Column 3b has been
obtained by dividing the figures in column 3a by the type-factors of the
plantings, according to figure 6o. These values for the number of plants for
comparison regeneration are intended for applicétion when comparing very
young natural regenerations with 30 year old plantings. We may assume ac-
cording to figure 39 that the plants in the new regenerations less than one
year old are free from defects, although such regenerations will scarcely exist
in actuality. The series in columns 3a and 3b thus become limiting values,
such that column 3a is valid for 30 year old and column 3b for less than
one year old regenerations. For regenerations lying between said ages the number
of plants in the comparison regenerations are found between these limits.

The whole relationship, which at first glance is somewhat confusing, can be
made clearer in the following manner. 1. We can take a 30 year old natural
regeneration, which is thinned and type recorded according to given rules. The
number of plants for this comparison regeneration is R,;RpR;N which let us
say equals 3050 satisfactory plants. According to Table 33, column 3a, this
corresponds to a 30 year old planting in 2.0 meter spacing. 2. The natural
regeneration shows a satisfactory type, but it is only five years old, for
example. This is treated in the same manner as the one above, and also gives
the result that R,RpR:N equals 3,050. This, however, cannot correspond to a
30 year old planting, after the above mentioned steps really have been carried
out, and under the condition that no plants are thereafter added or removed.
For its structure and thinness is now about the same as those of the plant-
ing, and during the time of growth from 5 until 30 years its type deteriorates
as if it were a planting, so that at 30 years it has consequently assumed
about the same value. If this is then examined, its comparison regeneration
will fall below 3,050 plants because of type deterioration only, and will be
3,050 multiplied by 0.825, where 0.825 is the type-factor for 2.0 meter spacing.
Consequently we must in this case demand a greater number of plants in the
comparison regeneration, that is to say 3,050/0.825, or in round figures 3,700.
In reality the time of growth in the example is 25 years and the type of
the five year old natural regeneration is in general not satisfactory. Therefore
we should interpolate in Table 33 between the calculated limits, which will give
us a value of 3590.

On the basis of the data on the plant number of the coniferous regeneration
in Table 14 and the combined correction factors in Table 31, the number of plants
per hectare of the comparison regenerations has been calculated in Table 34 for
a number of combinations of altitudes, numbers of seed trees and cutting ages.
According to our previous investigations the data in Table 34 refer to relatively
equally area-distributed regenerations (Cf Fig. 57: I—III) with a height distribu-
tion similar to that arising in stands of equal age and consisting of seedlings,
that have been recalculated to adequate (type corrected) on a definite assessment-
norm (Table 8). To these plant numbers the plant numbers given in Table 33, col. 3 a
and 3 b correspond approximately. These plants are distributed on the area in about
the same way as the plants in Table 34 (Cf Fig. 57), have appr. the same height
distribution and have been assessed on the same grounds. Further the numbers of
plants in the comparison regenerations in Table 33 correspond to the spacings
(Cf Fig. 55) given in the same Table (col. 1). Consequently the comparison regen-
erations in Table 34 correspond to certain spacings given in Table 33. Thus
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we can find the latter by departing from a certain plant number in Table 34 to
an equally ‘large plant number in Table 33 between col. 3 a and 3 b according to
the age of the regeneration, and finally from there horizontally to col: 1, where
the corresponding spacings can be read.

There are a few things that should be specially pointed out in this connection.

The general experience confirmed i.a. by NASLUND (1944) and EKLUND and
Huss (1946) is that the quality of the timber is slightly better in seeded than in
planted stands when the spacing is the same. As has been said before (page 0o)
we lack definite criteria for an assessment of the importance of the difference in
this connection. It is easily explained however, that in spite hereof, one wants
to form a judgment purely as judgment of it. Attempts in this direction have
been made. The following was the result. To planted stands spaced up to 1.7 m
there correspond from a viewpoint of quality seeded stands spaced about 15 cm
wider, and to planted stands with the interval 1.8—2.0, seeded stands spaced
about 20 cm wider. — We shall exemplify how these data should be utilized. If
we have a 30 years old natural regeneration, the comparison regeneration of
which contains 3,050 seedlings per hectare (See Table 33) a planted stand spaced
at 2.0 m can be counted upon to yield a similar result, and likewise a seeded
stand, spaced at 2.0 + 0,2 = 2.2 m. We can not inverse the matter, however
and maintain, that if a.planted stand spaced at 2,0 m can be approved of
and consequently also a seeded stand spaced at 2.2 m, only 2,250 seedlings per
hectare are required for an acceptable comparison regeneration (See Table 33).

At the comparison method now performed, only the number of plants and the
structure and type of the regenerations are taken into consideration (Cf Chapt.
IX). The time consumed in order to obtain a certain result is, how-
ever, as previously, not taken into consideration.

The putting back of the stage of development of natural regenerations
through the measure ‘“cleaning of a young stand” is, however, an important
factor, which can’play a big part in the evaluation of certain regenerations
from an economic viewpoint. Concerning the type of regeneration under study
here, however, it appears as if the expedient of cutting from beneath in order
to thus avoid a loss of time furnishes little chance to lead to favorable re-
sults. This appears to be true merely by comparing Tables 14 and zo, but
may be a question worthy of further investigation.

The comparison method alone does not form a sufficient base for an economic
choice between different regeneration methods. But with its aid, a question of
importance to this'choice can to a certain degree be illustrated, viz. the question
of the length of the time of regeneratlon and of the waiting time. We
shall recur to this below.

The vesult of r@genemtion in the spruce forest grounds of Novriand

The essential aim of this paper has been to publish the material and the arrange-
ment of it, on which we can base an opinion on the regeneration result in the un-
burnt spruce forest cuttings of the investigated districts. The conclusions with
regard to forestry have mainly been dra.wn earlier already (TIREN, 1945) and

"need not be repeated in detail here.
This is not the place in-which to decide what should be considered good or satis-
_factory regeneration. A 'discussion of the regeneration results achieved in reality
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cannot take place, however, without certain criteria in this respect. For that
reason we assume that a satisfactory regeneration in the forests in question can
up to an altitude of 200 m above sea level be obtained through planting in 1.6 m
spacings and that planted stands spaced more widely than 2.0 m will at no altitude
lead to acceptable results. The natural regenerations in the material of this investi-
gation consist as a rule of pine and spruce — on an average about equal parts
of both — on account of which the spacings stated can be considered as the mean
of slightly closer spacings for pure pine and slightly wider spacing for pure spruce.
For the moment birch is left out of account.

On the assumptions accepted for exemplifying the comparison method, we
should through a direct comparison between the figures in Table 33, col. T and
3 and Table 34, assess the actually achieved regeneration results on ordinary forest
grounds in the following way. According to Table 33 a planted stand spaced at 1.6 m
corresponds to 5,400—5,600 seedlings per hectare in the comparison regeneration.
Table 34 informs us that the comparison regenerations of the natural regenerations
at an altitude of 100 m above sea level have on an average attained that number
of plants already before 10 years have lapsed after the logging, without regard
to the fact whether the number of seed trees was 10, 30 or 50 per hectare. At 150
m above sea level the importance of ‘a sufficient number of seed trees becomes
evident from the fact that the regeneration cannot be judged satisfactory after
10 years, if the number of seed trees has been as low as 10 per hectare. In this
case about 17 years are required to attain 5,500 seedlings in the comparison regen-
eration whereas 10 years is more than sufficient when the number of seed trees
is 30 or muore. :

Before proceeding it will be suitable to explain the purport of the terms used
on page 174 without further explanations viz. regeneration time and waiting
time. By regeneration time is meant the number of vegetation periods that lapse
from the essential regeneration cutting until but not including the vegetation
period during which a certain satisfactory or else desirable regeneration result
is obtained. -

In forest-economical calculations the waiting time — above all the time spent
in waiting for a natural regeneration is an important factor. It implies the time
from the regeneration cutting to the year that can be considered as the birth-
year of the stand. This latter year is obtained by subtracting from the date of
investigation the mean age of the remaining stand provided that this can be
considered satisfactory or else has attained desirable density. Of course the
correlation between the number of plants and the age of cutting is not linear
but curved in such a direction that the waiting time is slightly less than half the
regeneration time. On the other hand a decrease in the mean age of the stand is
caused through cleaning of young stands which has an effect towards an incre-
ase of the waiting time. Without other than these motivations we accept at present
as an approximation, the rule that the waiting time is half the regeneration time.

Thus we find that at 100 m above sea level the regeneration time is less than
10 years and the waiting time less than 5 years. At 150 metres above sea level
and for 30 seed trees the same prevails. If the seed trees are only 10 per hectare,
the regeneration time is abt 17 years, however, and the waiting time 8.5 years.
At an altitude of 200 metres above sea level, we see from Table 34 that under
condition of a number of 30 seed trees per hectare, a satisfactory regeneration
result is obtained after abt 17 years (waiting time consequently abt 8.5 years) as
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against a regeneration time slightly over 13 years and waiting time 6.5 years for
a number of 50 seed trees. 10 seed trees per hectare yield at this altitude no satis-
factory regeneration even after 30 years. To get down to a regeneration time
of 20 years and a waiting time of 10 years, we have to reduce our demands as to
what is a satisfactory regeneration from 5,500 to 4,300 seedlings in the comparison
regeneration, i.e. to increase the spacing from 1.6 m to 1.8 m.

Over 200 m above sea level, a fast deterioration of the conditions for satis-
factory regeneration occurs. If, leaving out the 250 m level, we go direct to 300
metres above sea level, we observe that a mean of 5,500 seedlings in the comparison
regeneration cannot be obtained on an average for a great number of cutting
compartments. At this altitude, after 20 years and a waiting time of abt 10 years
consequently, 1o seed trees per hectare yield no better regeneration result than
what corresponds to spacings of 2.3 to 2.4 metres. Even if the number of seed
trees is 50 per hectare, a regeneration result is obtained, after a regeneration
time of 20 years, corresponding only to a spacing of abt 2.1 m, which can on our
premises not be accepted as a satisfactory regeneration. Over 300 metres above
sea level the conditions for natural regeneration in the unburnt spruce forest
grounds are still more impaired and already at 350 metres e.g., 30 seed trees per
hectare yield after 20 years an average result corresponding to spacings of abt
2.5 metres. On forest grounds of medium quality at this altitude, such a result
can absolutely not be considered satisfactory.

The conclusions we accordingly arrive at are without doubt likely to inspire
serious anxiousness as to the future of forestation in Norrland especially in the
immense expanses of forest situated at an altitude of more than 250 to 300 metres
above sea level. Undoubtedly many improvements can still be performed in the
fields of regeneration cutting, the culture of cutting areas and the care of regen-
eration, through which we may hope to obtain more favourable results in future
than we have up to now. But nevertheless we have to admit that extensive forest
areas in Norrland are not productive and cannot be changed into productive
coniferous forests without auxiliary measures of various kinds. Such measures have
now been generally started. Consequently a very heavy responsibility is laid on
the shoulders of the present generation of foresters, for it is to a very high degree
dependent on their activity how the future lumber crops in the forests of Norr-
land will turn out.
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Tab. 1. Uppgifter om undersSkningsmaterialet
Specification of the research material
Naturlig féryngring
Natural regeneration.
] Forsta | Hyg-
Revir Bredd- | Hojd | Vegeta- | f0ryng-{ 8es-
’l:a.kt Lin eller Skogens namn | 8rad i [ &ver | tions- sgﬁgls;,r fgﬁs'
rea Province agare Forest grader | havet| typert . 8-
nr Forest district Latitude |Altitude| gjte typest First | Clearing
owner degrees m 2" summer | of t'he
after cutting
cutting area
1 | Jamtlands Ragunda Ansjs krp 62,95 380 4 1934 1935
2 » » » » 62,95 365 4,6 1934 1935
3 » » » » 62,93 290 5 1931 | orens.?
4 » » » » 62,92 295 57,8 1931 »
5 » » » » 62,88 320 3,6,8 1930 1930
6 » Skoénviks AB Gastsjo 62,98 410 3,5 1923 1923
7 » » » Vistersvsjo 63,05 320 4,6 1928 1929
8 » » » » 63,05 300 | 4,5,6 1917 1919
9 [Vasternorrlands| Fjillsjo AB Risnis 62,70 130 3,4,6 1924 orens.
10 » » » » 62,68 110 4 1923 »
Ir » » » Byn 62,78 250 4 1923 »
12 » A. Molin » 62,78 230 3,4 1928 »
13 » Sunds AB Nordanas 62,73 160 4 1927 1927
14 » » » » \ 62,73 160 | 3,4,6 1927 1928
15 » » » » 62,73 160 4,6 1927 1928
16 » Anundsjé Solbergsmark 63,82 580 3,5 1917 | orens.
17 » : » » 63,82 5301 3,4,56 1917 »
18 » Mo & Domsjéo AB | Skalmsjé 63,53 210 | I 4 1930 1931
19 » » o » » Hidanberg 63,55 160 3,4 1929 1929
20 » » » y ooy Tjarn 63,88 420 3,6 1929 orens.
21 » » oy » » » 63,87 410 3,6 1933 »
22 » Kramfors AB | Nasaker 63,43 150 3, 4 1933 1933
23 » » » » 63,43 160 3 1933 1933
24 » S » Norrtannflo 63,40 200 3,4,6 1925 1926
25 » Junsele Gultjal krp 63,87 360 3,506 1917 1918
26 » » » » 63,85 365 | 3,5,6,7 1920 1920
27 » » oo 63,85 | 335 (3,4,5,6,7] 1919 | 1919
28 » » » » 63,85 480 13,5,6,7,8 1926 1927
29 » Svand AB Lidgatu 63,43 170 3,56 1929 1930
30 » » » Oringsj6 63,47 340 354, 5 1929 1929
- 31 | Vasterbottens | Dorotea Blaikfjallet krp 64,37 440 |3, 4,5,6,7 1932 1932
32 » » » » 64,37 400 3,5 1924 orens.
33 » » » » 64,37 420 3,5 7 1929 1931
34 » » Fagelberget 64,23 375 (3,4, 5,7,8] 1924 1930
35 » Dorotea khb 64,25 285 3 1934 1935
36 » Kramfors AB Bergvattnet 64,30 385 3,4,6 1929 1929
37 » » » » 64,30 410 | 3, 4,5 1932 | ‘1935
38 » » » Avatrisk 64,40 470 4,6 1927 1927
39 » » » » 64,40 480 3,4 1927 1927
40 » » » » . 64,30 300 | 3,4,5,6 1929 1929
41 » Dorotea Roénnberget krp 64,40 435 | 3,4,5,6 1930 ig30
42 » Kramfors AB Granberget 64,70 445 3 1926 1927
43 » » » » 64,70 445 3 1923 1938
44 » » » Langfors 64,62 335 3 1926 1926
45 » Dorotea Lajtavara krp 64,57 420 3,57 1918 1919
46 » » » » 64,57 440 3,7 1916 1917
47 » » » » 64,53 450 3,4,6 1916 1917

1 Siffrorna hanfora sig till typschemat pa sid. 9. 2 Orens. = uncleared.

The numbers refer to the scheme on p. 124.
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Tab. 1 (forts.)
Forsta | Hyg-
Revir Bredd- | Hojd | vegeta- foryng-| ges-
’IZakt Lin eller Skogens namn | 8rad i | dver | tjons- s;iﬁif;r 1;31:15-
rea Province agare Forest grader | havet typer X g
nr Forest district, Latitude [Altitude| gite types suI:::li . Céiag‘r;g
owner degrees m p
after cutting
cutting area
48 | Visterbottens | Dorotea Lajtavara krp 64,53 450 3 1916 1917
49 » » » » 64,50 430 34,5 1916 1917
50 » » » » 64,50 430 3,45 1916 1917
51 » Kramfors AB Varpsjo 64,23 410 3 1921 1921
52 |Visternorrlands| Kungsg. Marieb. Valaskogen 64,15 | 295 | 3,4,5,6 1920 1920
‘53 » » » » 64,15 310 3,6 1923 1924
54 » Kramfors AB Nyland 63,53 .| 245 3,6,7 1925 1926
55 » » » Sandviken 63,55 305 3,4 1925 1933
56 » » » » 63,57 310 3,4,6 1918 1927
57 » Per Eriksson Sorflarke 63,48 110 4 1922 1922
58 » Mo & Domsjéo AB | Hadanberg 63,58 185 3, 4,7 1928 1929
59 » » » » Hundsjo 63,52 150 3,4,6 1927 1928
60 » » oy » » Getingsta 63,48 210 3 1926 1928
61 » » » » » » 63,48 220 3,4 1926 1928 |
62 » » » » Bjorna by 63,60 240 | 3,4,6,8 1929 1929
63 » » » » » » 63,58 190 | 3,4, 6 1929 1929
64 » » » » » » 63,58 190 3 1929 1929
65 » Nybergs stbh. Nyland 63,13 100 | 3,4,5,6 1930 1930
66 » » » » » 63,13 100 | 3,4,5,6 1930 1930
67 » G. Strinnlund Skedom 63,18 130 3,4, 5 1921 1925
68 » G. Sjédin Billsta 63,12 270 |3, 4,5,6,7 1920 1927
69 » Bjorka AB Galsjo 63,22 180 3,4 1928 1928
70 » » » » 63,20 150 | 2,3,4,7 1926 1930
71 » Fors AB Grundtjirn 63,13 325 4 1918 orens.
72 » » » Galsjonds 63,13 280 3,4 1919 1924
73 » » » » 63,13 280 3,4 1919 1924
74 | Vésterbottens | Joh. Nyberg Hummelholm 63,75 170 3,4,5 I9II orens.
75 » Nordmal. Angs. AB| Orrbole 63,70 140 3,4,6 1924 1929
76 » Fab. Gustafsson Djupsjo 63,68 130 4,6 1929 1930
77 » Nordmal. Angs. AB| Brattsbacka 63,77 200 3,4,6 1929 1929
78 » Bjurholm Haistliden krp 64,10 340 3,5 7 1917 1921
79 » » Skardaasen krp 64,20 290 (3,4,5,6,7] 1918 1920
8o » » Vargalandet krp 64,20 295 3,5 1921 1923
81 » Mo & Domsjé AB | Skarda 64,20 270 | 3,4,6,7 1920 1929
82 » » » » » Nyby 64,33 400 3 1921 orens.
83 » Ora Soderas krp 64,45 430 3, 4 1923 1925
84 » » Pundliden krp 64,45 400 4 1919 1921
85 » » » » 64,47 390 4,6,7 1918 1921
86 » Holmsunds AB Granhdjden 64,65 340 | 3,4,6,7 1915 orens.
87. » Mo & Domsjo AB | Bjorkberg 64,65 500 3,5 1924 1926
88 » » » » » Norrvik 64,65 590 3,5 1928 1932
89 » Stromnis AB Nastansjo 64,73 390 3,6,7 1925 1929
90 » » » » 64,73 390 3,6 1931 1932
91 » Vilhelmina Vojmasen krp 64,57 410 3,45 1917 1919
92 » » » » 64,57 400 | 3,4,5,6 1915 1919
93 » V:a Stensele Roénnliden krp 65,15 440 3,4 1926 1928
94 » » » » » 65,15 450 3 1926 1928
95 » » » » » 65,13 590 3,4,6 I9I5 orens.
96 » » » » » 65,13 590 3,4,6 1916 »
97 » O:a » Jovan krp 64,90 540 3 1922 1926
98 » » » » » 64,87 480 3,57 1924 1931
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Tab. 1 (forts.)

Forsta | Hyg-

Revir Bredd- | Hojd | vVegeta- |10TYD8-| ges-

T:akt Lan eller Skogens namn | 8rad i| &ver | tions- sl';l;g; or rens-
Area Province 4gare Forest grader [havet | typer [SOTIMA ning
nr Forest district, Lalitude |Altitude] gige types | . it Cl;ﬂring
owner degrees m summer | of the
after cutting

cutting area

99 | Vasterbottens | R. Astrom Bygdsiljum 64,35 180 | 3,5,6,7 1920 1926
100 » P. Nilsson » 64,35 160 3,6 1920 1926
I0I. » Jakobssons stbh. . » 64,35 140 | 3,4,6,8 1925 1926
102 » Sivenids Nya AB | Odesmark 64,40 130 [3,4,5,6,7 1926 1927
103 » G. Norlén Hogliden 64,40 175 4,6,8 1920 1926
104 » Eriksson Rotsjo by 64,48 270 3,7 1925 1925
105 » » » » 64,48 270 3,5 1926 1926
106 » Degerfors Kulb.liden 64,18 180 3, 4, 1930 1930
107 » » » 64,18 190 3,4 1930 1930
108 » » » 64,18 240 4,6 1929 1929
109 » » » 64,18 280 3, 4,6 1926 1927
110 » » » 64,17 290 | 3,4,6,8 1932 1932
III » » » 64,17 290 3,5, 7 1932 1932
I12 » » » 64,18 190 | 3,4,7 1920 1920
113 » » » 64,18 180 3,4,6 1916 1916
I14 » Sandviks AB Hedlunda 64,02 150 4 1920 1926
I15 » Degerfors Kulb.liden 64,18 260 3, 4 1917 1927
116 » » » 64,18 260 3.4 1917 1927
117 » » » 64,17 295 3,7 1937 1937
118 » » » 64,18 210 4 1928 1928
119 » » » 64,17 300 3 1937 1937
120 » Robertsfors AB Nyliden 64,30 290 | 3,4,6,8 1931 1931
121 » Fredrika Kiringberget krp | 64,10 370 3. 4. 1932 1933
122 » » Burselb:get krp 64,25 410 3,7 1933 1934
123 » » Storb:get krp 64,05 430 3,6,8 1932 1933
124 » Robertsfors AB Altarliden 64,32 300 4,6 1928 1928
125 » » St. Mullberget 64,38 270 | 3,4,6,8 1931 1932
126 » Fredrika Storb:get krp 64,10 340 3 1916 1922
127 » » » » 64,08 | 470 3 1932 | 1933
128 » Mo & Domsjé AB | Klippen 64,05 460 4 1923 | 1924
129 » » » » » » 64,05 470 3,5 1929 1929
130 » Asele Tallb:get krp 64,37 540 3 1935 1936
131 » Gided-Husum AB | Insjoskogen 64,42 490 3, 4 1926 1928
132 » Asele Tallb:get krp 64,35 470 4,6,8 1922 1932
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Tab. 2. Uppgifter om undersékningsmaterialet
Specification of the research material
Plantevingar m. m.
Plantations etc.
Hojd Ve
Revir " bver eta- Plan- | Plantslag,
Trakt Lin "eller Skogens namn | havet fions— terat tridslag
Area Province agare Forest m typer! ar Seedling age
nr Forest district, . Alti- ; Planted and
owner tude t?;)teesl in tree species
Nr.

1 | S6dermanlands ' Erikslunds siteri 40 3 1925 2//2 gran

2 » » » 40| 3 1925 |1/t »

3 » » » 40 3 1925 [ »

4 » » » 40| 3 1925 | I/t »

5 » » » 30 3 1927 [z »

6 » » » 30 3 Ing 2//0 tall

7 » » » 30 3 192 Iy »

8 » » » 30 3 1928 |1 »

9 » » » 40 3 1925 | 2/, gran a)
10 | Stockholms Dr Silverstolpe Nis skog 40 4 1925 |1/ tall i
II » Ekebyholms skog 30 4 1928 | 2/, gran -
12 » Olsson o. Rosenlund| Bjérnd 20 | 4 { igzg :;‘ Z

. L . I

13 | Gdvleborgs Gronsinka Gronsinka krp 120 3 1916 | (?) tall
14 » » » » 120 | 4 1910 | (?) gran
15 » » » » 90 3 1920 | I/; tall
16 » » » » 150 4 1925 | I[x »

?
17 | Kopparbergs Garpenbergs Garpenbergs krp 200 | 4 { igg: E?g gr)::n

18 » oy » ) 200 | 3 1932 | (?) tall
19 » » ' » » 180 4 1920 | 2/; gran
20 » O. P. Larsson Malung 380 4 1920 | %[0 »

21 | . » G. E. Persson » 480 | 3 1924 | ?/o tall
22 » B. O. Larsson » 470 4 192I | 2/o gran
23 » P. S. Eriksson » 430 | 3 1927 | %[0 »
24 » Nordkvist - » 490 | 3 1927 | 2fo  »
25 » Uddeholms AB Halia 440 3 1928 | 2/0 »

26 » Malung 390 3,4 | 1919 | %/o tall
27 » V. Mattsson » 390 3,4 — | Naturforyng.
29 | Visterbottens- | Kullfors by . ) o 170 | 3 — »

30 » Degerfors Svartb:get 200 4 1918 | (?) tall

1 Siffrorna hanféra sig till schemat pa sid. 9.
1 The numbers refer to the scheme on p. 124.
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Forekomsten av vissa vidxter i bestindet och pd hygget

The presence of certain plant species-in the stand and on the clear cut area
B 4 H = bade i bestandet och pa hygget
both in the stand and on the clear cut area
= endast i bestandet
only in the stand-
= endast pad hygget
on'y on the clear cut area
Siffrorna ange antalet lokaler
The figures indicate the number of localities

B

H t

Geranium,
. Hyl . Polytrichum Sph Drcyop ters,
Vegetationstyp yrocomia commune phagna ornus,
Site type . ‘ Oxalis,
Anemone
B+H|B|H|B+H|B|H|B+H|B|H|B+H|B|H
Ortfattig friskmosstyp..| 39 15 |27
Vaccinisum-Hylocomium type, .
poor in herbs '
Ortrik friskrhosstyp el 22 16 2|1 2 22
Vaccinium-Hylocomium type,
rich in herbs
Ortfattig friskmosstyp :
med SumMpmossor - ... I 1 I
Vaccinium-Hylocomium . type
with swamp mosses, poor
in herbs’
Ortrik friskmosstyp med
SUMPMOSSOT . « « + v v ... 7 ] 5, 7 7
Vaccinium-Hylocomium type b 5 L
with swamp mosses, rich o
in herbs - .
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Tab. 4. Kronradiens medelvirden for olika planthdjder i de bedomda typklasserna:
s = smalkronig
# = normalkronig
v— = svagt vidkronig

vidkronig

v
v + = starkt vidkronig
The mean values of the crown radius for different heights of plant in the estimated type classes:

s = narrowcrowned

n = normalcrowned

v — = slightly broadcrowned
v = broadcrowned

v + = very broadcrowned
Planthdjd m = height of plant in m
Medelkronradie i cm = mean-crown radius in cm

Tall
Pine
Planthéjd Medelkronradie i cm Planthsjd Medelkronradie i cm
m s w |lv—| v |v- m s n |v—| v v+
0,0 1 I 1 1 1 2,6 47 55 73 8o 99
0,2 5 6 8 9 11 2,8 50 58 77 84 | 104
0,4 10 II 15 16 20 3,0 52 61 81 88 | 109
0,6 14 16 21 24 29 3,2 55 64 84 92 | 113
0,8 18 21 28 30 38 3,4 57 66 87 95 | 117
1,0 21 25 34 37 46 3,6 59 68 90 98 | 120
1,2 25 29| 40| 44| 54 3,8 61 71 92 | 101 | 124
1,4 29| 34| 45 50 | ‘62 4,0 63 73 95 | 103 | 126
1,6 32 38 50 55 69 4,2 65 75 97 | 106 | 129
1,8 35| 41| 55| 61} 76 44 671 76| 99| 107 | 131
2,0 38| 45| 60| 66| 82 4,6 68 | 78 | 100 | 109 | 132
2,2 42 49 65 71 88 4,8 70 79 | 102 | 110 | 134
2,4 44 52 69 76 94 5,0 71 80 | 103 | 111 | 135
Tab. 5. Kronradiens medelvirden for olika Tab. 6. Kronradiens medelvirden for olika
planthdjder i de bedomda typklasserna: planthdjder i de bedémda typklasserna:
' s = smalkronig s = smalkronig

n = normalkronig # = normalkronig

v — = svagt vidkronig v~— = svagt vidkronig

v = vidkronig v = vidkronig

v + = starkt vidkronig

The mean values of the crown radius for different heights
of plant in the estimated type classes:

s = narrowcrowned

#n = normalcrowned

v — = glightly broadcrowned
v = broadcrowned

v 4 = very broadcrowned
Planth6jd m = height of plant in m
Medelkronradie i cm = mean radius in cm

v + — starkt vidkronig

The mean values of the crown radius for different heights
of plans in the estimaced type classes

s = narrowcrowned

# = normalcrowned

v — = slightly broadcrowned
v = broadcrowned

v 4 = very broadcrowned
Planthdjd m = height of plant in m
Medelkronradie i cm = mean crown radius in cm

Gran Bjork
Spruce Birch
Planthéjd Medelkronradie i cm Planthéjd Medelkronradie i cm

m s n v—| v v + m s n v—| v v+
1,0 23 28 38 41 49 1,0 17 21 29 35 40
2,0 40| 50| 66| 72| 84 2,0 31| 37| 53| 651 75
3,0 53] 65| 85| 92 | 108 3.0 43| 52| 74| 90| 105
4,0 62 74 95 | 103 | 119 4,0 52 63 92 | 112 | 130
5,0 66 77 96 | 103 | 118 5,0 59 72 | 105 | 129 | I5I
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Tab. 7. Grovsta kvistens diameter hos g-betecknade plantor

Diameter of thickest branch in plants indicated as thick-branched

Hojd i meter = height in meters

Grovsta kvist mm = thickest branch in mm
‘Tall = pine

Gran = spruce

Ho6jd i meter 0,5/ 1,0[ 1,5 2,0| 2,5| 3,0 3,5 4,0/ 4,5| 5,0/ 5,5 6,0 6,5| 7,0| 7,5

Grovsta kvist mm
Tall....ooviivnnns, 11| 13| 14| 16| 18| 19| 21| 23| 24| 26| 28] 30[ 31| 33| 35
Gran.......... voo..o| 12| 13} 15| 16| 17| 18| 20| 21| 22| 23| 24| 25| 26| 27| 27

Tab. 8. Viktindex
‘Weight-index

Vaxtl.-index 1 Viaxtl.-index 2 Vaxtl.-index 3
Index of vigbur Index of vigour Index of vigour
Klass Klass Klass
Typ Class Typ Class Typ Class
Type Type Type
a b |br|oe]| b al|b o268 al|b|b|b2] 0
nt 1,0|0,5|0,4}0,3]10,2| 02 0,9| 0,5/ 0,4/ 0,3/ 0,2| %3 0,8(0,4| 0,3/ 0,2| 0,2
st 1,0[0,5/0,4(0,3]0,2f S% 0,9( 0,5/ 0,4/ 0,3/ 0,2{ 3 0,8 0,4/ 0,3].0,2([ 0,2
fr 0,9/ 0,5/ 0,4| 0,3] 0,2 f* 0,8/ 0,4| 0,3] 0,2| 0,2 f3 0,71 0,4/ 0,3/ 0,2| 0,2
YI— 0,9| 0,5/ 0,4/ 0,3}0,2f ?v?— 0,8| 0,4/ 0,3/ 0,2/ 0,2 v3— 0,7/ 0,4/ 0,3/ 0,2| 0,2
[ 0,8} 0,4| 0,3/ 0,2|0,2| 0% 0,7| 0,4} 0,3} 0,2|0,2] v3 0,6/ 0,3|0,2|0,2| 0,2
14 |o0,7,0,4/0,3]0,2]0,2| v24 0,6/ 0,3| 0,2 0,2| 0,2 34 0,5/ 0,3]0,2[0,2| 0,2

g: Multiplikationsfaktor = 1,0
d och ¢: » vardera = 0,8
k: » = 1,0

2
For beteckningen (» st.) (k) ar multiplikationsfaktorn = .
g: Multiplication factor = 1,0
t:

» » each = 0,8
» » = I,0

d and

For the indication (n st.) (k) the multiplication factor is =

B
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Tab. 9. Tabell
' Table
H.o6.h Alder

m 5 | 6 | 7 8 9 10 II 12 13 14 I5 16 17
o 0,1139[0,1335/0,1523|0,1703|0,1875|0,2041|0,2201|0,2355/0,2504| 0,2648| 0,2788|0,2923[0,3054
50 0,1100{0,1289/0,1471|/0,1644|0,1811/0,1971|0,2125 0,2274 0,2418/0,2557[0,2692| 0,2822/0,2948
I00 0,0991(0,1161/0,1324|0,1480[0,1630/0,1775/0,1914|0,2048/0,2177|0,2302|0,2423/0,2541[0,2655
II0 0,0962| 0,1127|0,1286/0,1437/0,1583/0,1723/0,1858/0,1988{0,2114|0,2236|0,2353/0,2467|0,2578
120 0,0931)0,1092[0,1245/0,1392/0,1533/0,1668/0,1799|0,1925/0,2047|0,2165(0,2279]/0,2389[0,2496
130 0,0899| 0,1054[0,1202/0,1344|0,1480/0,1611/0,1737|0,1859(0,1977|0,2090[0,2200|0,2307|0,2410
140 0,0866| 0,1015/0,1157/0,1294|0,1425/0,1551|0,1673|0,1790(0,1903{0,2013|0,2119{0,2221{0,2321
150 0,0832{0,0975/0,1111/0,1243}0,1369|0,1490/0,1606/0,1719/0,1828/0,1933|0,2034[0,2133/0,2228
160 0,0796|0,0933/0,1064|0,1190/0,1310/0,1426/0,1538/0,1646/0,1750/0,1851[0,1948[0,2042|0,2134
170 0,0760|0,0891[0,1016/0,1136/0,1251{0,1362|0,1469|0,1572/0,1671/0,1767|0,1860[0,1950[0,2038
180 0,0724| 0,0848| 0,0967]0,1082|0,1191/0,1297|0,1398/ 0,1496/0,1591|0,1682(0,1771|/0,1857|0,1940
190 0,0687[ 0,0806{ 0,0919|0,1027|0,1131|0,1231/0,1328/0,1421{0,1511(/0,1598 0,1682(0,1763|/0,1842
200 0,0651f{0,0763| 0,0870| 0,0973| 0,1071| 00,1166/ 0,1257|0,1345(0,1430{0,1513/0,1592(0,1669]0,1744
210 0,0615(0,0720[0,0821|0,0918| O,1011/0,1101|0,118%7|0,1270[0,1351(0,1428|0,1504(0,1576[0,1647%
220 0,0579| 0,0678[ 0,0773]0,0865|0,0952|0,1037|0,1118/0,1196{ 0,1272(0,1345(0,1416(0,1484|0,1551
230 0,0543[0,0637|0,0726(0,0812|0,0894| 0,0973| 0,1049/0,1123/0,1194|0,1263[/0,1329[/0,1393/0,1456
240 0,0509(0,0596/ 0,0680[ 0,0760| 0,0837[ 0,0911/0,0983/0,1052| 0,1118{ 0,1182|0,1245/0,1305[0,1363
250 0,0475[0,0557]0,0635(0,0710{0,0782|0,0851{0,0918/ 0,0982| 0,1044|0,1104|0,1162|0,1218]0,1273
260 0,0442|0,0518/ 0,0591| 0,0661| 0,0728| 0,0792| 0,0854| 0,0914] 0,0972| 00,1028/ 0,1082/0,1134[0,1185
270 0,0411[0,0481| 0,0549]|0,0614|0,0676| 0,0736| 0,0793| 0,0849| 0,0903| 0,0954| 0,1005 0’1053 0,1100
280 0,0380[0,0446| 0,0508| 0,0568/ 0,0626/ 0,0681| 0,0735/0,0786[0,0836/ 0,0884[ 0,0930[0,0975[0,1019
290 0,0351/0,0411| 0,0469| 0,0525|0,0578| 0,0629| 0,0678| 0,0726[0,0772|0,0816/ 0,0859|0,0900|0,0941
300 0,0323]0,0379/ 0,0432| 0,0483[0,0532[0,0579|0,0624(0,0668 0,0710/0,0751| 0,0791|0,0829]| 0,0866
310 0,0297[0,0348|0,0397]0,0443]0,0488[0,0532| 0,0573|0,0613] 0,0652(0,0690| 0,0726|0,0761|[0,0795
320 0,0272[0,0318/0,0363|0,0406[0,0447|0,0487|0,0525|0,0562|0,0597[0,0632| 0,0665|/0,0697|0,0728
330 0,0248[0,0291| 0,0332| 0,0371[0,0408[ 0,0444|0,0479[ 0,0513[0,0545[/0,0577| 0,0607|0,0636| 0,0665
340 0,0226[0,0265| 0,0302| 0,0337|0,0372| 0,0405([0,0436[ 0,046%7| 0,0496| 0,0525 0,0552(0,0579[ 0,0605
350 0,0205| 0,0240[ 0,0274) 0,0306/ 0,0338/ 0,0367(0,0396| 0,0424| 0,0451| 0,0477| 0,0502| 00,0526/ 0,0550
360 0,0186| 0,0218| 0,0248| 0,0277| 0,0305| 0,0333]0,0359| 0,0384| 0,0408| 0,0431[ 0,0454}0,0476|0,049%7
370 0,0168/0,0196| 0,0224| 0,0250|0,0276| 0,0300|0,0324|0,0346(0,0368| 0,0390(0,0410[0,0430|0,0449
380 0,0151[0,0177| 0,0202]| 0,0225[0,0248[ 0,0270[ 0,0291| 0,0312[0,0332|0,0351| 0,0369|0,038%| 0,0404
390 0,0135|0,0159( 0,0181/0,0202|0,0223|0,0243|0,0262(0,0280 0,0298[0,0315(0,0331/0,0347]0,0363
400 0,012‘1 0,0142[0,0162| 0,0181( 0,0200[0,0217(0,0234|0,0251(0,026%| 0,0282| 0,0297| 0,0311| 0,0325
410 0,0108/ 0,0127| 0,0145|0,0162| 00,0178/ 0,0194| 0,0209| 0,0224[0,0238|0,0252[ 0,0265[0,0278| 0,0290
420 0,0096| 0,0113] 0,0129/ 0,0144|0,0159| 0,0173[0,0186| 00,0199/ 0,0212|0,0224| 0,0236/0,024%|0,0258
430 0,0086{ 0,0100| 0,0114|0,0128| 0,0141|0,0153/0,0165|0,0177| 0,0188| 0,0199| 0,0209| 0,0219| 0,0229
440 0,0076| 0,0089[ 0,0101/ 0,0113|0,0125/0,0136/0,0146/0,0157/0,016%| 0,0176| 0,0185[0,0194| 0,0203
450 0,0067[0,0078| 0,0089[0,0100| 0,0110( 0,0120[0,0129[0,0138| 0,0147f{0,0155|0,0164|0,0172|0,0179
460 0,0059( 0,0069| 0,0079| 0,0088| 0,0097| 0,0106[ 0,0x14[0,0122(0,0129|0,0137| 0,0144|0,0151|0,0158
470 0,0052| 0,0061f 0,0069| 0,0077| 0,0085[ 0,0093| 0,0100| 0,0107| 0,0114] O,0120} 0,0127[0,0133| 0,0139
480 0,0045(0,0053| 0,0060[0,0068| 0,0074| 0,0081|0,0087|0,0094| 0,0099[0,0105| 0,0111[0,0116} O,0121
490 0,0040[ 0,0046[0,0053| 0,0059[ 0,0065[ 0,0071| 0,0076| 0,0082| 0,008%| 0,0092| 0,0097| O,0101| 0,0106
500 0,0034| 0,0040| 0,0046|0,0051| 0,0057| 0,0062| 0,0066| 0,0071| 0,0076| 0,0080| 0,0084| 0,0088| 0,0092
510 0,0030f 0,0035[ 0,0040| 0,0045[ 0,0049| 0,0053| 0,0058| 0,0062| 0,0066{0,0069| 0,0073| 0,0077| 0,0080
520 0,0026( 0,0030| 0,0035f0,0039|:0,0043| 0,0046[0,0050] 0,0053|0,0057| 0,0060{ 0,0063|0,0066| 0,0069
530 0,0022[ 0,0026[ 0,0030| 0,0033| 0,0037| 0,0040| 0,0043|0,0046| 0,0049| 0,0052| 0,0055| 0,0057| 0,0060
540 0,0019| 0,0023| 0,0026) 0,0029| 0,0032| 0,0034| 0,0037] 0,0040| 0,0042| 0,0045| 0,0047]| 0,0049| 0,0052
550 0,0017[ 0,0019| 0,0022(0,0025[ 0,0027( 0,0030[0,0032| 0,0034| 0,0036| 0,0038( 0,0040| 0,0042[0,0044
560 0,0014| 0,0017[ 0,0019| 0,0021|0,0023f0,0025[0,002%|0,0029| 0,0031| 0,0033| 0,0035|0,0036/ 0,0038
570 0,0012|0,0014|0,0016|0,0018/ 0,0020[0,0022|0,0023|0,0025|0,002%| 0,0028[ 0,0030| 0,0031| 0,0032
580 0,0010[ 0,0012[ 0,0014| 0,0015[0,0017| 00,0018 0,0020[0,0021| 0,0023| 0,0024| 0,0025[0,0026/0,002%
590 0,0009| 0,0010| 0,0012| 0,0013[0,0014f0,0016|0,0017|0,0018| 0,0019| 0,0020|0,0021| 0,0022| 0,0023
600 0,0007| 0,0009| 0,0010| 0,001 0,0012|0,0013| 0,0014|0,0015/0,0016/0,0017|0,0018|0,0019|0,0020

Alder = years after cutting.

H. 6. h. = nheight above sea level, meters.
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over x;
of x;
Alder
18 19 20 21 22 23 24 25 26 27 28 29 30
0,3181] 0,3304| 0,3424| 0,3541| 0,3655| 0,3766[ 0,3874] 0,3979| O,4082| 0,4183| 0,4281|0,4378|0,4472
0,3071| 0,3190| 0,3306| 0,3419| 0,3529| 0,3636] 0,3741| 0,3843( 0,3942 0,4039| 0,4134]|0,4227|0,4318
0,2765| 0,2873| 0,2977| 0,3079| 0,3178| 0,3274| 0,3368| 0,3460[ 0,3549| 0.3637 0,3722|0,3806|0,3888
0,2685( 0,2789| 0,2891 0,2989| 0,3085| 0,3179[ 0,3270[ 0,3359 0,3446] 0,3531| 0,3614/ 0,3695(0,3775
0,2600[ 0,2701| 0,2799| 0,2894| 0,2988| 0,3078| 0,3167| 0,3253] 0,3337] 0,3419] 0,3500|0,3578|0,3655
0,2510| 0,2608[ 0,2703| 0,2795| 0,2885] 0,2972 0,3058| 0,3141f 0,3222 0,3302| 0,3379|0,3455/0,3529
0,2417| 0,2511| 0O,2602[ 0,2691] 0,2778] 0,2862| 0,2944| 0,3024| 0,3103] 0,3179| 0,3254|0,33270,3398
0,2321| 0,241I[ 0,2499| 0,2584] 0,2667| 0,2748| 0,2827 0,2904| 0,2979| 0,3053| 0,3124|0,3195(0,3263
0,2223| 0,2309| 0,2393| O,2475| 0,2554| 0,2632| 0O,2707| 0,2781| 0,2853] 0,2923| 0,2992|0,3059|0,3125
0,2122( 0O,2205| 0,2285| 0,2363| 0,2439| O0,2513| 0,2585| 0,2655| 0,2724 0,2791f 0,2857/0,2921|0,2984
0,2021| 0,2099/ 0,2175 O,2250( 0,2322| 0,2392[ 0,2461| 0,2528 0,2594| 0,2657] 0,2720/0,2781]0,2841
0,1919| 0,1993| 0,2066| 0,2136] O,2205| O,2272| 0,2337 O,2401| 0,2463| 0,2524 0,2583/0,2641|0,2698
0,1817| 0,1887| 0,1956/ 0,2023| 0,2088[ O,2151| 0,2213 0,2273 0,2332| 0,2389| 0,2445/0,2500|0,2554
0,1716| 0,178z 0,1847| O,1910| O,1971| O,2031I| O,2090| 0,2146| O0,2202| 0,2256] 0,2309|0,2361(0,2412
0,1615/ 0,1678( 0,1739[ 0,1799| 0,1856/ O,1913| 0,1968/ 0,2021| 0,2073] O,2125| 0,2174|0,2223/0,2271
0,1517| 0,1575| 0,1633] O,1688| 0,1743| 0,1796 0,1847[ 0,1897 0,1946| 0,1994| 0,2041|0,2087(0,2132
0,1420| 0,1475| O,1529[ O,1581| O,1632| 0,1681f O,1730| O,1777 O,1823] 0,1868| 0,1912(0,1955/0,199%
0,1326] 0,1377 O,1428| 0,1476] O,1524] O,1570/ 0,1615/ 0,1659| O,1702| 0,1744| 0,1785]0,1825/0,1864
0,1234] O,1282 0,1329[ O,1374 O,1418| 0,1462 0,1503] 0,1544] O0,1584| 0,1623 0,1662/0,1699[0,1735
0,1146| O,1191I( O,1234| 0,1276] 0,1317| 0,1357| 0,1396 0,1434] O,1471| O,1508| 0,1543]0,1578/0,1612
0,1061| O,1103( O,1143( O,1182 O,1220| O,1257 O,1293| 0,1328 0,1362 0,1396| 0,1429|0,1461[0,1492
0,0980f 0O,1018[ O,1055| O,1091| O,1126| O,1160f O,1194[ O,1226( O0,1258f 0,1289| 0,1319[0,1349{0,1378
0,0902| 0,0937[ 0,0971| O,1005| O,1037| O,1068| O,1099| O,1129[ O,1158f O,1187| 0,1215/0,1242[0,1269
0,0828| 0,0860 0,0892| 0,0922| 0,0952| 0,0981| O,1009| O0,1036[ 0,1063] O,1089| O,11150,1140(0,1164
0,0759| ©0,0788| 0,0817| 0,0845| 0,0872| 0,0898| 0,0924| 0,0949[ 0,0974| 0,0998| 0,1021|0,1044]0,1066
0,0692| 0,0719[ 0,0745| 0,0771] 0,0796[ 0,0820f 0,0843| 0,0866( 0,0889( O,0911[ 0,0932|0,0953|0,0973
0,0630| 0,0655| 0,0679| 0,0702| 0,0724| 0,0746[ 0,0768| 0,0789[ 0,0809[ 0,0829| 0,0849|0,0868|0,0886
0,0573| 0,0595| 0,0616| 0,0637| 0,0658| 0,0678 0,0697[ 0,0716] 0,0735| 0,0753] 0,0771|0,0788[0,0805
0,0518| 0,0538/ 0,0558 0,0577[ 0,0595 0,0613| 0,0631] 0,0648] 0,0665 0,0681] 0,06970,0713|0,0728
0,0468| 0,0486[ 0,0504| 0,0521] 0,0538[ 0,0554f 0,0570[ 0,0585 0,0601f 0,0615/ 0,06300,0644|0,0658
0,0421| 0,0437| 0,0453] 0,0469| 0,0484| 0,0499[ O0,0513| 0,0527| 0,0541| 0,0554| 0,0567| 0,0580|0,0592
0,0378| 0,0393| 0,0407| O,0421| 0,0435| 0,0448/ 0,0461| 0,0473] 0,0485| 0,0497| 0,0509| 0,0520|0,0532
0,0339| 0,0352f 0,0365| 0,0377| 0,0389| O,0401I| 0,0413| 0,0424| 0,0435| 0,0445| 0,0456|0,0466|0,0476
0,0302| 0,0314| 0,0326( 0,0337| 0,0348| 0,0358/ 0,0368 0,0378[ 0,0388] 0,0398/ 0,040%[ 0,0416[0,0425
0,0269| 0,0280[ 0,0290| 0,0300[ 0,0309| 0,0319[ 0,0328| 0,0337| 0,0345/ 0,0354| 0,0362|0,0370|0,03%8
0,0239| 0,0248] 0,0257| 0,0266| 0,0274| 0,0283 0,029I| 0,0299| 0,0307| 0,0314| 0,0322|0,0329|0,0336
0,0212| 0,0220| 0,0228 0,0235| 0,0243] O0,0250[ 0,0258 00,0265 O,0271| 0,0278| 0,0285/0,0291|0,029%
0,0187| 0,0194 0,0201| 0,0208[ O,0215| 0,0221| 0,0227[ 0,0234| O,0240[ 0,0246[ 0,0251|0,0257|0,0262
0,0164| O,0171| O,0177| O0,0183| 0,0189[ O,0195| 0,0200[ 0,0206| O,0211f 0,0216[ 0,0221|0,0226|0,0231
0,0144| O,0150| O,0155f O,0161] 0,0166| O,0171| O,0176/ O,0181[ 0,0185 0O,0190[ 0,0194[0,0199|0,0203
0,0126| 0,0131f 0,0136] O,0141| O,0145| O,0150/ O,0r54f O,0158( 0,0162| 0,0166 0,0170|0,0174/0,0178
O,0orro| O,orrs[ O,oxrg[ O,0r23| O,0x27| O,013I[ O,0134f O,0138| 0,0I142| O0,0145| 0,0149/0,0152|0,0155
0,0096| O,0100| O,0103 O,0107| O,0110| O,0114| O,0117| O,0120| O,0123] O,0126/ 0,0129|0,0132|0,0135
0,0083| 0,0087| 0,0090f 0,0093| 0,0096[ 0,0099| O,0r01| 0O,0104| O,0107| O,0110[ O,01I2[0,01II}5 0,0117
0,0072| 0O,0075| 0,0078| 0,0080| 0,0083| 0,0085 0,0088[ 0,0090| 0,0093] 0,0095| 0,009%| 0,0099[0,0102
0,0062| 0,0065| 0,0067| 0,0069[ 0,0072[ 0,0074/ 0,0076[ 0,0078[ 0,0080 0,0082| 0,0084|0,0086(0,0088
0,0054| 0,0056| 0,0058/ 0,0060| 0,0062| 0,0064f 0,0065 0,0067f 0,0069| 0,0071] 0,0072[0,0074] 0,0076
0,0046] 0,0048| 0,0050[ 0,0051| 0,0053| 0,0055f 0,0056] 0,0058/ 0,0059| 0,0061| 0,0062|0,0063/0,0065
0,0039| 0,004I| 0,0042| 0,0044f 0,0045| 0,0047| O,0048( 0,0049| 0O,0051| 0,0052| 0,0053]0,0054| 0,0055
0,0034| 0,0035| 0,0036] 0,0038 0,0039| 0,0040[ 0,0041f 0,0042| 0,0043] 0,0044| 0,0045|0,0046|0,004%7
0,0029| 0,0030| 0,0031| 0,0032| 0,0033[ 0,0034| 0,0035 0,0036[ 0,0037| 0,0038 0,0039[0,0039|0,0040
0,0024| 0,0025| 0,0026[ 0,0027| 0,0028 0,0029| 0,0029| 0,0030| 0,0031I| 0,0032| 0,0033|0,0033[0,0034
0,0021| O,002I| 0,0022| 0,0023| O,0024| O0,0024| O,0025| 0,0026| 0,0027| O,0027| 0,0028|0,0028|0,0029
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Tab. 10. Tabell
Table
H. 5. Antal barr-
m r |2 | s |4l s | 6 | 7 | 8 | o
o 0,9352 1,7492 2,4537| 3,0596| 3,5767| 4,0139| 4,3794| 4,6806| 4,9245
50 o,7103 1I,3286 I,8638| 2,3240| 2,7168| 3,0488] 3,3265| 3,5553] 3,7405
100 0,5396] I,0092| I,4157| I,7653] 2,0636 2,3158] 2,5267| 2,7005| 2,8412
110 0,5107| 0,9552( I,3399 I,6708/ I,9531| 2,1919| 2,3915 2,5560| 2,6891
120 0,4834] O,9041| I,2682| I,5814] I,8486] 2,0746| 2,2635 2,4192 2,5452
130 0,4575| 0,8557 1I,2003| 1,4967| I,7497| 11,9636 2,1424| 2,2897| 2,4090
140 0,4330| O,8099| I,1361| I,4166| I,6561| I,8585| 2,027%| 2,1672 2,2801
150 0,4098} 0,7666] I1,0753] I,3408| I,5674] I,7590| I,9192| 2,0512 2,1581
160 0,3879| 0,7255/ I,0178| I,2691| I,4836| I,6649] I,8165 I,9415 2,0426
170 0,3671] 0,6867| 0,9633] I,2012| I,4042| I,5758| I,7193] I,8376| I,9333
180 0,3475] 0,6500f 0,9118| I,1369[ I,3290| I,4915| I,6273| I,7392| 1,8298
190 0,3289] 0,6152| 0,8630| I,0760| I,2579| I,4x17| I,5402| I,6461] I,7319
200 0,3113 0,5823 0,8168 I,ox85 I,1906] I,3361| I,4578| I,5581| I,6392
210 0,2946] 0,5511| 0,7731] 0O,9640| I,1269| I,2646| I,3798| I,4747 I,5515
220 0,2789| 0,5216 0,7317] O,9124| I,0666] I,1969| I,3059| I,3958| I,4685
230 0,2639] 0,4937| 0,6925 0,8635 I,oo95f I,1329| I,2360| I,3211| I,3899
240 0,2498 0,4673( 0,6555| 0,8173 0,9555| I,0723| I,1699[ I,2504| I,3155
250 0,2365 0,4423] 0,6204| 0,7736] 0,9043] I,or49| I,1073| I,1835/ I,2451
260 0,2238| 0,4186] 0,5872| 0,7322| 0,8559] 0,9606| I,0480| I,1201| I,1785
270 0,2118| 0,3962| O0,5558] 0,6930| O,8101[ O,9092[ 0O,9919] I,0602| I,1154
280 0,2005| 0,3750| ©O,5260| 0,6559| 0,7668] 0,8605| 0,9389] I,0034| I,o557%7
290 0,1898 0,3549| 0,4979] 0,6208| 0,7257| 0,8145| 0,8886| 0,9497] 0,9992
300 0,1796] 0,3359] O,4712| 0,5876] 0,6869| O,7709| 0,8411] 0,8989| 0,9458
310 0,1700| O,3180| O,4460| 0,5562| O,6501| 0,7296] 0,7961| 0,8508 0,8951
320 0,1609| O,3009| O,4222| 0,5264| O0,6154] 0,6906 0,7535 O,8053 0,8472
330 0,1523] 0,2848] 0,3996] 0,4982| 0,5824| 0,6536| 0O,7131] 0,7622| O,8019
340 0,1441| 0,2696] 0,3782| 0,4716] 0,5513| 0,6186] 0,6750| O,7214] O,7590
350 0,1364| 0O,2552| O,3579| 0,4463] 0,5218/ 0O,5855| 0,6388] 0,6828] O,7184
360 0,1291| O,2415 0,3388 O,4224 0,4938| 0,5542| 0,6047 0,6463[ 0,6799
370 0,1222| 0,2286| O,3207] 0,3998| 0,4674| 0,5245| 0O,5723] O,6117| 0,6435
380 0,1157| 0,2164| O,3035| 0,3784| 0,4424| 0,4965| O,5417| 0,5789[ O,6091
390 0,1095| O0,2048] 0,2873] 0,3582| 0,4187| 0,4699( O,5127| 0,5480| 0,5765
400 0,1036| 0O,1938| 0,2719[ 0,3390[ 0,3963| 0,4448 0,4853 0,5186 0,5457
410 0,0981| 0,1834| 0,2573| 0O,3209| 0,3751| O,4210| 0,4593| O,4909| 0,5165
420 0,0928| 0O,1736| 0,2436] O,3037| 0,3550[ 0,3984] 0,4347] 0,4646] 0,4888
430 0,0879| 0,1643 0,2305 0,2875 0,3360| 0,3771| O,4114| 0,4397] 0,4627
440 0,0832 0,1555 O0,2182 O,2721| O,3180| 0,3569| 0,3894| O,4162[ 0,4379
450 0,0787| 0,1472| 0,2065 0,2575 O,3010| 0,3378| 0,3686| 0,3939| 0,4145
460 0,0745 0,1393 0O,1955 0,2437 0,2849| 0,3197| 0,3489 0,3729| 0,3923
470 0,0705| O,1319| O,1850| O,2307| 0,2697| 0,3026 0,3302{ O,3529| O,37I3
480 0,0667| 0,1248] O,1751] 0,2183] O,2552] 0,2864] 0,3125 0,3340| 0,3514
490 0,0632 O,1181| 0,165/ O,206%| 0,2416| 0,2711| O,2958 O,3161| O,3326
500 0,0598| O,1118f O,1569] O,1956{ 0,228% 00,2566 0,2800| O,2992| 0,3148
510 0,0566] O,1058f O,1485] O0,1851| O,2164| O,2429{ O,2650| 0,2832] 0O,2980
520 0,0536] O,1002 O,1405| O,1752] 0,2048] 0,2299| 0,2508| 0,2681| 0,2820
530 0,0507| 0,0948] 0,1330| 0,1658 0,1939 O,2176] 0,2374| 0,2537| 0,2669
540 0,0480} 0,0897 O,1259] O,1570| 0,1835/ 0O,2059| O,2247( O,2401| 0,2526
550 0,0452] 0,0845| O,1186] 0,1478( 0,1728 0,1939| O,2116] O,2261| O,2379
560 0,0430| 0O,0804f O,1128| O,1406| 0,1644| 0,1845| O,2013] O,2151| 0,2263
570 0,0405| 0,0757| O,1062| 0O,1324] 0,1548| 0,1737] 0,1896] 0,2026] 0,2131
580 0,0385| 0,0720| O,1010| O,1260/ O,1473] 0,1653] 0,1803] O0,1927[ 0,2028
590 0,0363] 0,0678 0,0951| O,1186| 0,1387| O0,1556] 0,1698] 0,1815 O,1909
600 0,0345| 0,0645 0,0905| O,1128 0,1319] 0,1480| 0,1615] 0,1726] 0,1816

Antal barrfrotrid = Number of coniferous seed trees.

H. 6. h. = Height

above sea level, meters.
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frotrad

10 11 12 I 13 I 14 I 15 l 16 | 17 l 18 I 19 I 20
5,1171) 5,2640 5,3704] 5,4409 5,4797 5,4907|5,4772|5,4424]5,3891]5,3198] 5,2369
3,8868| 3,9984 4,079z 4,1328| 4,1623] 4,1706|4,1603(4,1339| 4,0934] 4,0408]3,9778
2,9523) 3,0371 3,0985 3,1391] 3,1615 3,1678|3,1601|3,1400[3,1092|3,0693 3,0214
2,7943| 2,8745 2,9327[ 2,9712| 2,9923| 2,9983(2,9909]2,9719|2,9428] 2,90502,8597
2,6448) 2,7207| 2,7757| 2,8121| 2,8322| 2,8379|2,8309|2,8129|2,7853|2,7496|2,706%
2,5032| 2,5751| 2,6272| 2,6617| 2,6806| 2,6860)2,6794|2,6624(2,6363|2,6024|2,5619
2,3693| 2,4373| 2,4866 2,5192| 2,5372( 2,5423(2,5360|2,5199|2,4952|2,4631]2,4248
2,2425) 2,3069f 2,3535| 2,3844| 2,4014] 2,4062|2,4003]2,3850|2,3617]2,3313|2,2950
2,1225| 2,1834 2,2276] 2,2568| 2,2729| 2,2774|2,2718|2,2574] 2,2353|2,2066|2,1722
2,0089] 2,0666| 2,1084 2,1360| 2,1513] 2,1556[2,1503|2,1366/2,1157|2,0885|2,0559
I,90x4f 1I,9560; I,9955 2,0217] 2,0361] 2,0402]|2,0352]2,0223|2,0025|1,9767 1,9459
I1,7996| 1I,8513] 1,888y I,9135 I,9272( I,9310[I1,9263| I,9140|I,8953|1,8709| 1,8418
I,7033| I,7522| I,7877 I,811x[ I,8240( I,82771,8232|1,8116/1,7939|1,7708|1,7432
I,6x22 1,6585 1I,6920| I,7142| 1,7264] I,7299|I,7256|1,714%| 1,6979|1,6760|1I,6499
1,5259] I,5697| I,6014) I,6225| I,6340 I,6373|1,6333| I,6229|I,6070|1,5864| 1,5616
I,4442| I,4857| I,5157| 1,5356| I,5466| I,5497|I,5459|1,5360] I,5210| I,5015I,4781
1,3670 I1,4062| 1,4346| I,4535 I1,4638) I,4668 1,4631|1,4538 I,4396( I,4211|1,3990
1,2938) I,3310f I,3579| I,3757| I,3855 1,3883|1,3848|1,3760|1,3626|1,3451|1,3241
I,2246| I,2597| I,2852| I,3021[ I,3114| I,3140[1I,310%|1,3024| 1,2897|1,2731|1,2532
I,1590| I,1923| I,2164| I,2324| I,2412( 1,2436[1,2406{1,2327|I,2206]1,2050| I,1862
I,0970f I,1285| I,1513 I,1664] I,1748] I,1771|1,1742|1,1667|I,1553|I,1405|I,1227
I,0383| I,0681| I,0897| I,1040| I,1119| I,T1141|I,1114|1,1043|1,0035|1,0794] 1,0626
0,9827| I,orxol I,o314| I,0449| I,o524] I,0545 I,0519| I,0452]I,0350| I,021%| I,0057%
0,9301f 0;9569 0,9762/ 0,9890f 0,9961 0,9981)0,9956(0,9893]0,9796|0,9670]0,9519
0,8804f 0,9056| 0,9240| 0,9361| 0,9428| 0,9446|0,9423/0,9363/0,92720,9152|0,9010,
0,8333] 0,8572| 0,8745| 0,8860| 0,8923] 0,8941/0,8919|0,8862(0,8775|0,8663|0,8528
0,7887( 0,8113 0,8277 0,8386 0,8446[ 0,8462|0,8442|0,8388/0,8306]0,8199|0,8071
0,7465) 0,7679| 0,7834| 0,7937| 0,7994| 0,8010/0,7990[0,7939|0,7861| 0,7760[0,7639
0,7065 0,7268| 0,7415| 0,7512| 0,7566 0,7581|0,7562|0,7514|0,7441|0,7345[0,7231
0,6687| 0,6879( 0,7018( O,7110[ O,7161f 0,7175/0,7158/ 0,7112|0,7042|0,6952| 0,6844
0,6329| 0,6511] 0,6643] 0,6730| 0,6778 0,6791|0,6775/0,6732|0,6666| 0,6580|0,6477
0,5990 0,6162| 0,6287 0,6370| 0,6415 0,6428/ 0,6412|0,6371/0,6309|0,62280,6131
0,5670[ 0,5833] 0,5951| 0,6029[ 0,6072| 0,6084|0,6069|0,60300,5971|0,5895(0,5803
0,5366] 0,5521( 0,5632 0,5706| 0,5747] 0,5758|0,5744] 0,5708|0,5652|0,5579]0,5492
0,5079] ©0,5225| 0O,5331I] O,5401| 0,5439| O,5450[0,5437|0,5402|0,5349|0,5281|0,5198
0,4807| 0,4946| O,5045 O,5112| 0,5148/ 0,5158]0,5146/0,5113]/0,5063|0,4998|0,4920
0,4550[ 00,4681 0,4775 0,4838 0,4873 0,4882]0,4870|0,4839|0,4792|0,4730]0,4657
0,4307] 0O,4430| O,4520 0,4579| 0,4612( 0,4621)/0,4610]0,4580|0,4536[0,4477]0,4408
0,4076 0,4193| 0,4278| 0,4334] 0,4365| 0,4374[0,4363/0,4335[0,4293|0,4238|0,4172
0,3858/ 0,3969[ ©O,4049| O,4102| 0,4132] 0,4140{0,4130|0,4103/0,4063|0,4011{0,3948
0,3652| 0,3756/ 0,3832] 0,3883 0,3910] 0,3918]0,3909|0,3884|0,3846|0,3796|0,3737
0,3456] 0,3555| 0,3627| 0,3675 0,3701| 0,3709|0,3699|0,36760,3640|0,3593|0,3537
0,3271f 0,3365| 0,3433] 0,3478| 0,3503] 0,3510[0,3501|0,3479|0,3445|0,3401|0,3348
0,3096/ 00,3185/ 0,3249| 0,3292 0,3316] 0,3322/0,3314| 0,3293/0,3261|0,3219|0,3169
0,2930| 0,3015 0,3076] 0,3116| 0,3138 0,3144|0,3137|0,3117|0,3086|0,3047|0,2999
0,2774] 0,2853 0O,2911| 0,2949 0,2970| 0,2976|0,2969[0,2950|0,2921|0,2884|0,2839
0,2625 0,2701| 0,2755 0,2791] 0,2811] 0,281%|0,2810]|0,2792|/0,2765|0,2729] 00,2687
0,2472| 0,2543] 0,2595| 0,2629| 0,2648 0,2653|0,2646}{0,2630|0,2604|0,2570]0,2530
0,2352( O,2419| 0,2468| 0,2501 0,2518| 0,2523/0,2517(0,2501|0,247% 0,2445|0,2407
0,2215( 0,2278( 0,2324/ 0,2355| 0,2372| 0,2377/0,2371|0,2356[0,2333|0,2303]0,2267
0,2107| 0,2167| 0O,2211) O,2240[ 0,2256 0,2261|0,2255/0,2241|0,2219}0,2190|0,2156
0,1984f 0,2041| 0,2082| O,2110[ 0,2125/ 0,2129|0,2124|0,2110]0,2090]|0,2063[0,2031
0,1887| 0,1942f 0,1981] 0,2007 0,2021| 0,2025{0,2020/0,200%[0,1988/0,1962[0,1932
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Tab. 11. Berdkning av spridningar (se texten s. 32)
Computation of dispersions (cf. text p. 135)
YB 0—0,99 | TI,00—1,99[2,00—2,99 [3,00—3,99|4,00—5,99| 6,00—
Sype e 1,648 4,767 5,275 6,936 7,521 9,590
[ R 0,432 I,301I 1,265 1,563 2,013 1,360
S; =0 0,917 2,587 2,880 5,064 4,768 8,260
M v 0,38 1,42 2,46 3,45 4,63 7,76
Ol o I,14 0,92 0,51 0,45 0,43 0,18
Tab. 13. Tabell 6ver x;
Table of x5
Hygges- Hygges- Hygges- Hygges-
alder Xy alder X5 alder X5 alder X5
ar ar ar ar
5 0,4524 12 0,9440 19 1,2993 25 I,5163
6 0,5322 13 I,0024 20 1,3406 26 I,5458
7 0,6086 14 I,0581 21 I,3798 27 1,5734
8 0,6817 15 I,I112 22 I,4169 28 1,5994
9 0,7517 16 I,1618 23 I,4520 29 1,6237
10 0,8187 17 I,2100 24 - I,4851 30 I,6464
I1 0,8828 18 I,2558
Hyggesalder, ir = Years after cutting.
Tab. 14. Beridknat antal barrtriddsplantor av
Calculated numbers of coniferous plants of the classes new
Nyforyngring
. 100 m 6. h. 156 m 6. h. 200 m 6. h. 250 m 6. h.
Hyggesalder
ar Antal fré6trad per ha
Years after
cutting
10 30 -| 50 10 30 50 10 30 50 10 30 50
10 6 178| 10 230| 12 203| 4 555| 7 138 8396 3189 4 724| 5472| 2119| 2971 3385
15 8 434| 13 964| 16 658| 6 218( 9 744| 11 462| 4 354| 6451 7472 2894| 4056( 4622
20 10 362| 17 157| 20 467 7 639| 11 972| 14 082 5350 7925 9180| 3556| 4985 5680
25 12 044| 19 94123 788 8 878 13 912| 16 365/ 6 217| 9 21010 668| 4 132| 5791 6599
30 13 533| 22 407| 26 730| 9 975| 15 632| 18 388| 6 985| 10 348| 11 987| 4 642| 6 507 7415
Bestandsforyngring
10—30 2 8o1 2 530 2 192 1 821
Summa barvskogsforyngring
10 897913 031| 15 004| 7 085 9 668[10926| 5381 6916 7 664| 3940 4 792 5206
15 II 23516 76519 459| 8 748| 12 274/ 13 992 6 546| 8643 9664 4 715 5877 6443
20 13 163| 19 958| 23 268| 10 169| 14 502| 16 612| 7 542| 10 117| 11 372| 5 377| 6 806 7 501
25 14 845| 22 742| 26 589| 11 408| 16 442| 18 895| 8 409| 11 402| 12 860| 5 953| 7 612 8420
30 16 334| 25 208| 29 531| 12 505| 18 162| 20 Q18| 9 177| 12 540| 14 179 6 463| 8 328] 9236

m. 6. h. = m above sea level
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Tab. 12. Tabell Sver x4

Table of x,
Hojd 6ver Hoéjd over ) Hojd over Hojd 6ver|
havet X4 havet Xy~ havet %4 havet %4
m m m m
o I,0000 220 0,6856 360 0,3639 500 0,1423
50 0,9807 230 0,6619 370 0,3438 510 0,I315
100 0,9250 240 0,6381 380 0,3242 520 0,1214
II0 0,9099 250 . 0,6142 390 0,3053 530 0,I118
120 0,8938 260 0,5902 400 0,2871 540 0,1029
130 0,8765 270 0,5663 410 0,2695 550 0,0045
140 0,8582 280 0,5425 420 0,2526 560 0,0866
150 0,8390 290 0,5189 430 0,2364 570 0,0793
160 0,8190 300 0,4956 440 0,2209 580 0,0725
170 0,7982 310 0,4726 450 . 0,2061 590 0,0662
180 0,7767 320 0,4499 460 0,1920 600 0,0603
190 0,7546 330 0,4277 470 0,1785
200 0,7320 340 0,4059 480 0,1658
210 0,7089 350 0,3846 490 0,1537

Ho6jd 6ver havet m = Height above sea level, m.

nyforyngring och bestindsforyngring. Frisk mark
regeneration and stand regeneration. Healthy ground

New regeneration

300 m 6. h. 350 m 6. h. 400 m 6. h. 450 m 6. h.

Number of seed trees per hectare

50 10 30 50|10|30|50|10|30|50

10|3o

1334 | 1774 | 1989 794 | 1006 | 1109 446 541 588 237 277 296
1823 | 2424 | 2717 | 1086 | 1376 | 1517 611 741 804 324 379 405
2238 | 2976 | 3335 | 1333 | 1688 | 1861 751 911 989 397 464 496
2602 | 3460 | 3878 | 1549 | 1962 | 2164 872 | 1058 | 1148 462 540 578
2925 | 3889 | 4358 | 1742 | 2206 | 2433 979 | 1188 | 1289 517 605 647

Stand regeneration

I 446 1 096 788 . 533

Sum of coniferous regeneration

2780 | 3220 | 3435 | 1890 | 2102 | 2205 | 1234 | 1329 | 1376 770 810 829
3260 | 3870 | 4163 | 2182 | 2472 | 2613 | 1399 | I529 | I592 857 912 938
3684 | 4422 | 4781 | 2429 | 2784 | 2957 | 1539 | 16099 | 1777 930 997 I 029
4048 | 4906 | 5324 | 2645 | 3058 | 3260 | 1660 | 1846 | 1936 995 | 1073 IIII
4371 | 5335 | 5804 | 2838 | 3302 | 3529 | 1767 | 1976 | 2077 | 1050 | I 1I38 1 180
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Tab. 15. Antal bjérkplantor per ha
Number of birch plants per hectare
Antal bjorkplantor per ha
Hyggesalder Number of birch plants per hectare
Years after Frisk Halvfuktig Fuktig
cutting mark mark mark
Healthy ground |Semi-damp ground| Damp ground
5 1967 4934 6793
10 3 560 8 929 12 293
15 4832 12 119 16 685
20 5 830 14 621 20 129
25 6594 16 537 22 767
30 7 160 17 956 24 721
Tab. 16. Tabell Sver storningen o for
barrtridsplantor
Perturbation, g, of coniferous plants
Medeltal
plantor per yta 4 0?
Plants per plot

I I,1020 I1,2143

2 1,0758 1,1574

3 1,0497 I,1018

4 I,0235 1,0476

5 0,9974 0,9948

6 0,9713 0,9434

7 0,9451 0,8933

8 0,9190 0,8445

9 0,8928 0,7972

10 0,8667 0,7512

38:9
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Tab. 17. Exempel pd observerade och beriknade frekvensfordelningar

for barrtridsplantor
Examples of observed and calculated frequency distributions of coniferous plants

193

Antal Medelantal plantor per yta Average number of plants per plot
plantor
per yta 0—o0, 49 0,50—0,99 | I,00—1,49 | I,50—1I,99 [ 2,50—2,99 | 4,50—4,99
Nm?betr o Ber Ber Ber Ber Ber B
plants . . . . . er.
per plot | OPS- | carc | OPS- | cate. | 9P | cate. | OP% | cale. | ©P% | cale. | OP% | calc.
o 534 | 533 | 217 | 230 | 182 | 197 93 97 22 25 20 18
1 78 81 |- 93 76 | 111 89 72 64 20 18 14 17
2 22 20 37 33 43 48 38 41 14 13 16 14
3 5 5 14 16 33 27 24 25 14 9 1 12
4 1 2 3 8 9 15 15 15 4 7 13 10
5 I o L 4 7 9 9 9 4 5 7 8
6 3 2 4 5 5 6 5 4 2 7
7 1 I 2 3 5 4 I 3 7 6
8 o I 4 2 I 2 2 2 6 5
9 1 o 1 1 I I o 2 4 4
10 o o 1 1 1 2 I 3 3
11 1 I 1 2 I 1 1 4 3
12 o o o I 1 4 2
13 o I I I 2
14 I o o I
15 1 I
16 o I
17 2 I
18 1 I
19 I
20 I I
> 20 2
= 641 | 641 | 371 | 371 | 398 | 398 | 266 | 266 92 92 | 118 | 118

13—Medd. fran Statens skogsforskningsinstitut, Band. 38: 9.
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38:9
Tab. 18. Frekvensfordelningar for barrtridsplantor
Frequency distributions of coniferous plants
Medelantal plantor per yta Average number of plants per plot
Antal plantor
per yta 1,0 | 2,0 I 3,0 | 4,0 I 5,0 | 6,0 | 7,0 l 8,0 | 9,0 I 10,0
Number of
plants Stoérning  Perturbation
per plot
I,10196| I,07582[1,04968|I,02354/0,99740{0,97126 0,94512[ 0,91898 0,89284' 0,86670
o 0,5196/ 0,3551] 0,2658] 0,2076] 0,1658[ 0,1340] 0,1088] 0,0884 O,0717[ 0,0578
I 2346 2142 1852 1600 1388 1207 I050 9I2 789 679
2 1173 1394 1356 1263 II159 1057 959 868 781 699
3 605 930 1009 1004 966 916 860 802 743 685
4 317 627 757 8or 806 790 764 731 694 654
5 168 426 570 641 672 680 674 660 640 616
6 89 291 431 514 560 583 593 593 585 573
7 48 199 327 412 466 500 520 530 533 530
8 26 137 247 331 388 428 455 472 482 487
9 14 94 188 266 324 366 397 420 435 446
10 7 65 143 213 270 313 347 372 392 406
I1 4 45 109 172 225 268 302 330 352 369
12 2 31 83 138 187 229 263 292 3I5 335
13 1 21 63 III 156 I95 229 258 282 303
14 I I5 48 89 130 167 199 227 252 274
15 I0 37 72 108 I42 173 200 225 247
16 2 28 58 90 I21 150 177 201 223
17 5 22 47 75 103 130 156 179 200
18 3 16 38 62 88 113 137 159 180
19 2 I3 30 52 75 98 I20 141 162
20 2 10 24 43 64 85 106 126 145
21 1 7 20 36 55 74 93 112 130
22 1 6 16 30 47 64 82 99 116
23 1 4 13 25 40 55 72 88 104
24 3 10 21 34 48 63 78 93
25 3 -8 17 29 42 55 69 83
26 2 7 14 25 36 48 61 75
27 1 6 I2 21 31 42 54 67
28 1 5 10 18 27 37 48 59
29 1 4 8 15 23 33 43 53
30 1 3 7 13 20 29 38 47
31 3 6 II 18 25 33 42
32 2 5 9 I5 22 30 38
33 2 4 8 13 19 26 34
34 1 3 7 11 17 23 30
35 I 3 6 10 I5 20 27
36 I 2 5 9 13 18 24
37 1 2 4 7 I1 16 21
38 1 2 4 6 10 14 19
39 I 3 6 9 12 17
40 b 3 5 8 II I5
41 I 2 4 7 I0 I3
42 b 2 4 6 9 I2
43 1 2 3 5 8 I0
44 x 1 3 4 7 9
45 1 2 4 6 8
46 1 2 3 5 7
47 1 2 3 5 7
48 b I 3 4 6
49 1 1 2 4 5
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Tab. 18 (forts.)

Medelantal plantor per yta Average number of plants per plot

Antal plantor
per yta I,0 | 2,0 I 3,0 | 4,0'| 5,0 l 6,0 I 7,0 | 8,0 l 9,0 | 10,0

Number of
plants Stérning Perturbation
per plot

I,10196 1,07582' ¥,04968]I,02354]0,99740|0,97126/0,94512{0,91898/ 0,89284{0,866%0

50 0,0001 | 0,0001 | 0,0002 | 0,0003 |0,0005

5I r

H o H H K
H H H H H H H H H N

HoH H H o H H H H H N N N RN W
HoH H H H H H H H HNNDDWW® D A

P 0,9997| I,0000| 0,9996| I.ooo4| 00,9998 1I,0002| 0,9997| I,ooo0o0| 0,9997| I,oo0o02

I3*———Medd. frdan Statens skogsforskningsinstitut. Band 38: g.
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Tab. 19. Ramaterialets
The height distributions
Nyforyngring av barrtrddsplantor

es- .
H;’l(gjirs . Hojd, cm  Height, cm
ar
Years after l ' | |
cutting 0—49 50—99 | I00—1I49 | I50—1I99 | 200—249 | 250—299 | 300—340
326 9
5—9 0,9731 0,0269
2 061 78 13 8 7
I10—1I4 00,9511 0,0360 0,0060 0,0037 0,0032
T 313 150 43 22 I4 7 4
I15—I9 0,8427 0,0963 0,0276 0,0I41I 0,0090 0,0045 0,0027
842 210 88 49 40 20 16
20—24 0,6558 0,1636 0,0685 0,0382 0,0312 0,0156 0,0125
356 67 24 9 13 9 3
25— 0,7250 0,1365 0,0489 0,0183 0,0265 0,0183 0,0061
Bestandsféryngring
Stand regemneration
231 87 27 17 6 4 2
5—9 0,6176 0,2326 0,0722 0,0455 0,0160 0,0107 0,0053
384 346 155 87 53 25 13
I10—1I4 0,3572 0,3219 0,1442 0,0809 0,0493 0,0233 0,012
185 191 99 64 53 44 21
I15—I19 0,2591 0,2675 0,1387 0,0896 0,0742 0,0616 0,0294
71 137 78 55 46 37 24
20—24 00,1449 0,2796 0,1592 00,1122 0,0939 0,0755 0,0490
13 16 18 9 10 II 15
25— 0,1275 0,1569 0,1765 0,0882 0,0980 0,1078 0,I1471
Nyforyngring och bestands-
New regeneration and stand
557 96 27 17 6 4 2
5—9 0,7856 0,I354 0,0381 0,0240 0,0085 0,0056 0,0028
2 445 424 168 95 60 25 13
I0—I4 0,7542 0,1308 0,0518 0,0293 0,0185 0,0077 0,0040
1498 34I 142 86 67 51 25
15—1I9 0,6593 0,I501I 0,0625 0,0379 0,0295 0,0224 0,0II0
913 347 166 104 86 57 40
20—24 0,5146 0,1956 0,0936 0,0586 0,0485 0,0321 0,0225
369 83 42 18 23 20 18
25— 0,6223 0,1400 0,0708 0,0304 0,0388 0,0337 0,0304
Nyforyngring av bjorkplantor,
New regemneration
5—9 405 16 1 I
0,9574 0,0378 0,0024 0,0024
I 440 118 38 23 14 5 2
10—I4 0,8775 0,0719 0,0232 0,0140 0,00835 0,0030 0,0012
1792 236 54 20 20 4 7
15—I9 0,8401 0,1106 0,0253 0,0094 0,0094 0,0019 0,0033
1 282 208 114 53 43 30 21
20—24 0,7170 0,1163 0,0638 0,0296 0,0240 0,0168 0,0117
262 79 38 14 5 7 5
25— 0,6268 0,1890 0,0909 0,0335 0,0120 0,0167 0,0120
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hojdfordelningar
of the raw material

New regeneration of coniferous plants

Ho6jd, cm Height, cm
= b
350—399| 400—449| 450—499| 500—549| 550—599 600—649| 650— | <
335
I,0000
2 167
. I,0000
2 3 1558
0,0013 0,0019 I,0001
4 7 7 1 1284
0,0031 0,0055 0,00535 0,0008 I,0003
1 6 2 1 491
0,0020 0,0122 0,0041 0,0020 0,9999
av barrtriadsplantor
of coniferous plants
374
0,9999
6 2 1 2 1 I 075
0,0056 0,0019 0,0009 0,0019 0,0009 I,0001
27 20 6 1 1 2 714
0,0378 0,0280 0,0084 0,00I4 0,0014 0,0028 0,9999
I4 I0 9 4 4 . I 490
0,0286 0,0204 0,0184 0,0082 0,0082 0,0020 I,0001
4 I 2 b 2 102
0,0392 0,0008 0,0196 0,0098 0,0196 1,0000
foryngring av barrtrddsplantor
regeneration of coniferous plants
709
1,co00
6 2 I 2 I 3 242
0,0019 0,0006 0,0003 0,0006 0,0003 ] I,0000
29 23 6 I I 2 ) 2272
00,0128 0,0101 0,0026 0,0004 0,0004 0,0009 0,9999
18 17 16 5 4 I 1774
0,0101I 0,0096 0,0090 0,0028 0,0023 0,0006 0,9999
5 7 2 I 4 I 593
0,0084 0,0118 0,0034 0,0017 0,0067 0,0017 I,000I
(L + LF) + F, + Fs;
of birch plants -
423
I1,0000
I 1641
0,0006 0,9999
2 133
I,0000
21 5 6 2 1 2 1 788
0,0117 0,0028 0,0034 0,0011 0,0006 0,0011 0,9999
I I 1 3 I I 418
0,0024 0,0024 0,0024 0,0072 0,0024 0,0024 I,0001I
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Tab. 19 (forts.)
Nyforyngring av bjorkplantor.

New regeneration

Hygges- .
alder Ho6jd, cm Height, cm
ar
Yt | 0—40 | 50—99 |100—149 |150—109 |200—249 | 250—209 | 300—349
434 78 46 19 7 13
5—9 0,7270 0,1307 00,0771 0,0318 0,0117 0,0218
1 287 235 86 19 15 4
10—I4 0,7814 0,1427 0,0522 0,0115 0,009I 0,0024
678 203 83 55 14 27 1
15—I9 0,6330 0,1895 0,0775 0,0514 0,0131I 0,0252 0,0009
I 100 293 187 99 51 43 37
20—24 0,5864 0,1562 0,0997 0,0528 | 0,0272 0,0229 0,0197
263 60 16 8 4 3 6
25— 0,7186 0,1639 0,0437 00,0219 0,0109 0,0082 0,0164
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F,+ FS,+ S,+ S,
of birch plants

Ho6jd, cm  Height, cm
350—399 | 400—449 I 450499 | 500549 | 550—599 | 600—649 | 650— z

597
I,0001

I 1647
0,0006 0,9999

5 2 I 1 I I 071
0,0047 0,0019 0,0009 0,0009 0,0009 0,9999
16 II 6 17 12 3 I 1 876
0,0085 0,0059 0,0032 0,0091 0,0064 0,0016 0,0005 I,000I
4 2 366
0,0109 0,0055 . I,0000
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Tab. 20. Observerade och
Observed and calculated
Nyforyngring av

New regeneration

Obs. = observed

Hyggesalder Hojd, cm  Height, cm
ar

Years after cutting | 649 | 50—99 l100—149|150—199l200—249 250—299‘300—349|350—399

obs. | 0,9731| 0,0269

5—9 ber.| 0,9732[ 0,0268

To—1 {obs. 0,9511] 0,0360] 0,0060 0,0037 0,0032
4 ber.| 0,9505] 0,0353] 0,0092 0,0031 0,0012 0,0004 0,0002 0,0001

15—19 fobs. | 0,8427| 0,0963| 0,0276 | 0,0141 | 0,0090 | 0,0045 | 0,0027 | 0,0013
lber. 0,8424| 0,0918| 0,0338 0,0154 0,0077 0,0040 0,0022 0,0012

20—2 obs. | 0,6558] 0,1636] 0,0685 0,0382 | 0,0312 | 0,0156 | 0,0125 0,0031
4 ber. 0,6411] O,1720| 0,0808 0,0434 0,0248 0,0147 0,0089 0,0055
25 obs. | 0,7250] 0,1365| 0,0489 0,0183 0,0265 0,0183 0,0061 0,0020
5 ber. 0,7210| 0,1278} 0O,0592 00,0331 0,0201 0,0128 0,0084 0,0056
Bestandsforyngring
Stand regeneration
- obs.| 0,6176] 0,2326] 0,0722 | 0,0455 | 0,0160 | 0,0107 | 0,0053
59 ber. 0,6162 0,2245| 0,09I4 0,0385 0,0165 0,0071 0,0031 0,0014
101 obs. 0,3572| 0,3219] O,1442 0,0809 0,0493 0,0233 0,0121 0,0056
4 ber. 0,3792| 0,2763} 0,1632 0,0889 0,0464 0,0236 0,0118 0,0058

I.——I [obs. 0,2591| 0,2675{ 0,1387 0,0896 0,0742 0,0616 0,0294 0,0378
5 9 lber. 0,2558] 0,2290{ O,1709 0,1190 0,0799 0,0525 0,0340 0,0217

IObS. 0,1449| 0,2796] 0,1592 00,1122 0,0939 0,0755 0,0490 0,0286

20724  \ber.| o0,1723| 0,2076] 0,1827 | 0,1410 | 0,1012 | 0,0693 | 0,0460 | 0,0298
2 obs.| 0,1275| 0,1569| 0,1765 | 0,088z | 0,0980 | 0,1078 | 0,1471 | 0,0392
5 ber. | 0,0940| 0,1596{ 0,1758 | 0,1587 | 0,1275 0,0048 0,0667 | 0,0451
Nyfoéryngring och bestands-

New regeneration and stand

obs. 0,7856[ 0,1354] 0,038« 0,0240 0,0085 0,0056 0,0028

5—9 ber. | 0,78:17| 0,1367| 0,0473 0,0191 0,0082 | 0,0037 | 0,0017 | 0,0008
10—1 obs. 0,7542| 0,1308| 0O,0518 0,0293 0,0185 0,0077 0,0040 0,0019
4 ber. 0,7445| 0,1425| 0O,0570 0,0268 0,0135 00,0071 0,0038 0,0021I

. . obs. 0,6593| O,1501| 0,0625 0,0379 0,02935 0,0224 0,0110 0,0128
5 9 ber. 0,6334| 0,1664, 0,0807 00,0451 0,0269 0,0166 0,0105 0,0068
20—2 obs. 0,5146[ 0,1956] 00,0936 0,0586 0,0485 0,0321 0,0225 0,0101I
4 ber. 0,4887| 0,2086] 0O,1155 0,0689 0,0425 0,0268 0,0171 0,0110

2 obs. 0,6223| 0,1400] 0,0708 0,0304 0,0388 0,0337 0,0304 0,0084
5 ber.| 0,5763] 0,1734] 0,0906 0,0540 0,0342 0,0224 0,0150 0,0102
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beriknade hojdfordelningar
height distributions
barrtriddsplantor
of coniferous plants
Ber. = calculated
Ho6jd, cm  Height cm
' S:a
400—449|450—499|500—549 550—599(600—0649,650—699|700—749|750—799| 800—849
1,0000
I,0000
I,0000
I,0000
0,0019 I,000I
0,0007 0,0004 0,0002 0,0001 0,9999
0,0055 0,00535 0,0008 I,0003
0,0034 0,0021 0,0013 0,0008 0,0005 0,0003 0,0002 0,000I 0,0001 |!1,0000
0,0122 0,0041 0,0020 0,9999
0,0038 0,0026 0,0018 0,0013 0,0009 0,0006 0,0004 0,0003 0,0003 | I,0000
av barrtrddsplantor
of coniferous plants
0,9999
0,0006 0,0003 0,0001 0,9997
0,0019 0,0009 0,0019 0,0009 I,000I
0,0028 0,0014 0,0007 0,0003 0,0001 I,0005
0,0280 0,0084 0,0014 0,0014 0,0028 0,9999
0,0138 0,0087 0,0054 0,0034 0,0021I 0,0013 0,0008 0,0005| 0,0006| 0,9994
0,0204 0,0184 0,0082 0,0082 0,0020 . I,0001
0,0189 0,0119 0,0074 0,0045 0,0027 0,0016 0,0010 0,0006| 0,0007| 0,9992
0,0098 '0,0196 0,0098 0,0196 I,0000
0,0295 0,0188 0,0117 0,0072 0,0044 0,0026 0,001I5 0,0009| O,00r1I[ 0,9999
fé6ryngring av barrtrddsplantor
regeneration of coniferous plants
I,0000
0,0004 0,0002 0,0001 0,9999
0,0006 0,0003 0,0006 0,0003 I,0000
0,0012 0,0007 0,0004 0,0002 0,0001 "l 0,9999
0,0101 0,0026 0,0004 0,0004 0,0009 0,9999
0,0044 0,0029 0,0019 0,0013 0,0009 0,0006 0,0004 0,0003| 0,0003| 0,9994
0,0096 0,0090 0,0028 0,0023 0,0006 0,9999
0,0071 0,0046 0,0030 0,0020 0,0013 0,0009 0,0006 0,0004| 0,0006{ 0,9996
0,0118 0,0034 0,0017 0,0067 0,0017 I,0001
0,0070 0,0049 0,0034 0,0024 0,0017 0,0012 0,0009 0,0006| 0,0010[ 0,9992




Tab. 21. Procenttal barrtridsplantor med en

héjd = 1,3 m

NYILL SYVI

Percentage of coniferous plants with a height = 1,3 m 8
)
" . Bestands-
Hyggesalder ar Nyféryngring foryngring
Years after New
cutting regeneration Stand
regeneration
5 0,0 10,0
I0 0,4 20,0
15 2,8 35,5
20 7,0 46,0
25 12,0 55,0
30 17,4 67,0
Tab. 22. Jimforelse mellan hjdens observerade och beriknade frekvensfordelningar for enskilda hyggen
Comparison between observed and calculated frequency distributions of the plant height for individual clear cuttings
Hygge nr Clear cutting nr
Hsjd -
klass
Height 54 65 75 1 56 106 8 100 103 115
class -
Ber Ber. Ber Ber. Ber. Ber. Ber. Ber Ber. Ber.
Obs. Calc Obs. Calc. Obs. Calc. Obs. Calc. O.bs' Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calec.
o 358] 349 150 I5I 134 136 53] 52 124| 121 110| I05 8o 78 501 50 14| 15 31| 30
I 33| 46 26 24 34| 30 141 16 13| 19 23| 34 16| 17 35 33 19| 17 42| 33
2 14| 17 8 9 9| 10 6 5 10 8 18 12 7 8 17 19 14| I3 12| 27
3 12 8 3 4 2 4 2 2 6 4 4 4 2 4 10| II 5 8 19/ 20
4 7 4 2 2 3 2 1 1 o 2 2 I 2 3 5 6 4 5 19| 14
5 2 2 1 1 o 1 2 1 3 2 5 3 4 2 5 9
6 o 1 I 1 I o 1 1 1 I 2 2 3 I 9 6
7 I I 1 o o o 2 1 I I o 1 3 4
8 1 o o o I I [ o 4 2
9 1 o 3 1 »
g
m 0,3326 0,4010 0,4153 0,4737 0,4777 0,5032 0,7719 I,3571 I,8413 2,4354 ©
4 2,1562 1,9728 1,4373 I,0741 2,0297 1,0643 1,8437 0,8875 0,5529 0,7068
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Tab. 23. Viktindex
Weight index
Nyféryngring Bestandsforyngring
Hygg;félder New regeneration Stand regeneration
Ye;rtsﬁ?ger Barrtradspl. Bjorkplantor | Barrtradsplant. | Bjorkplantor
Conif. pl Birch pl. Conif. pl. Birch pl.
O.iiiiinnnnnn I,0000 I,0000 0,7590 0,7867
B S, 0,9923 0,9875 0,7636 0,7867
2 0,9848 0,9755 0,7681 0,7867
K P, 0,9776 0,9647 0,7727 0,7867
I 0,9706 0,9532 0,7772 0,7867
IR 0,9638 0,9427 0,7818 0,7867
[ T 0,9573 0,9328 0,7864 0,7867
Jooeee i 0,951I0 0,9234 0,7909 0,7867
8 0,9450 0,9145 0,7955 0,7867
[ 0,9392 0,9062 0,8000 0,7867
I0............ 0,9336 0,8983 0,8046 0,7867
) 0,9283 0,8910 0,8092 0,7867
I2. ... 0,9232 0,8841 0,8137 0,7867
I3..ciiennnns 0.9183 0,8778 0,8183 0,7867
O 0,9137 0,8720- 0,8228 0,7867
I5. 0 0,9093 0,8667 0,8274 0,7867
I6. ... 0,9052 0,8620 0,8320 0,7867
B 0,9013 0,8577 0,8365 0,7867
18 . 0,8976 0,8539 0,8411 0,7867
TO. it iiieen s 0,8942 0,8507 0,8456 0,7867
200 .0 0,8910 0,8480 0,8502 0,7867
2T it 0,8880 0,8458 0,8548 0,7867
b2 0,8853 0,8441 0,8593 0,7867
23 . e, 0,8829 0,8429 0,8639 0,7867
2 0,8806 0,8423 0,8684 0,7867
25 i 0,8786 0,8421 0,8730 0,7867
26, .. 0,8769 0,8425 0,8776 0,7867
27 i 0,8753 0,8434 0,8821 0,7867
28. . 0,8741 0,8448 0,8867 0,7867
20 i 0,8730 0,8467 0,8912 0,7867
30 ... i 0,8722 0,8491 0,8958 0,7867
Tab. 24. Viktindex och héjden dver havet
Correlation between weight index and height above sza level
o Nyféryngring Bestandsféryngring
Hojd 0\11:131‘ havet New regeneration Stand regeneration
Height above sea B o .
level. m arrtradspl. Bjorkpl. Barrtradspl. Bjorkpl.
’ Coniferous pl. Birch pl. Coniferous pl. Birch pl.
I00—IQQ...... 0,91 0,87 0,83 0,76
200—299...... 0,94 0,89 0,82 0,73
300—399...... 0,88 0,85 0,87 0,83
400—. ... ... .. 0,91 0,87 0,81 0,81
M............ 0,91 0,87 0,83 0,79
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Tab. 25. Viktindex och planthsjd
Weight index and height of plants
200—299 m 6. h. och hyggesaldrarna 10—14 samt 20—24 ar
200—299 m above sea level and the groups 10—i4 and 20—24 years after cutting
Nyféryngring Bestandsforyngring .
Planthsjd, cm New regeneration Stand regeneration
Height of plants,
cm Barrtradspl. Bjorkpl. Barrtradspl. Bjorkpl.
Coniferous pl. Birch pl. Coniferous pl. Birch pl.
O— 24...... 0,96 0,93 0,70 —_
25— 49...... 0,91 0,86 0,80
50— 74...... 0,94 0,94 0.82 0,60
75— 99...... 0,95 0,87 0,83
I00—I24...... 0,93 0,88 0,78 0,73
I25—149...... 0,88 0,92 0,82 0,79
150—174...... 0,94 0,89 0,82 0,73
I175—199...... 0,97 0,91 0,84 0,85
200— ... .. 0,98 0,92 0,90 0,83
Tab. 26. Procenttalet sisom betesskadade bokfdérda plantor
Percentage of plants damaged through grazing
Nyforyngring Bestandsféryngring Nyféryngring Bestandsféryngring
New regeneration Stand regeneration New regeneration Stand regeneration
Hyggesalder Barr- Barr- Barr- Barr-
ar tradspl. | Bjorkpl. | tradspl. | Bjorkpl. | tradspl. | Bjorkpl. | tradspl. | Bjorkpl.
Years after Coniferous | Birch pl. | Coniferous | Birch pl. | Coniferous | Birch pl. | Coniferous | Bitrch pl.
cutting pl. pl. pL pl.
100—199 m &. h. 300—399 m 6. h.
m above sea level m above sea level
0—9 5,5 8,7 1,7 0,0 0,0 0,4 2,1 0,0
10—I4 9,1 23,6 4,2 30,0 4,8 15,1 4,6 16,7
15—1I9 8,2 17,0 1,2 16,7 2,0 9,5 0,0 0,0
20—24 3,4 6,1 0,9 11,1 3,5 16,0 3,0 0,0
25— I,6 1,2 0,0 0,0 0,0 7,8 0,0 0,0
200—299 m O. h. 400— m 6. h.
m above sea level m above sea level
o0—9 0,0 5,3 0,0 0,0 0,0 2,2 2,3 0,0
10—14 5,5 14,4 3,7 9,1 0,0 5,1 3,0 30,1
15—19 7,1 24,5 4,4 0,0 2,3 6,2 1,9 7,7
20—24 0,4 2,2 0,0 0,0 4,0 10,6 0,0 0,0
25— — — — — 0,0 12,0 0,0 28,6
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Tab. 27. Rikneschema I (jfr sid. 84)
Scheme of computing I (cf. p. 159)
Observerat . Plantfordelning
Klass plantantal | FOISsON Diff. Aterst. diff. | efter gallring
Class Observed distrib. Remain. diff. | pistribution of
number of plots remaining stand
[o N 24 5 + 19 + 19 24
) S 16 15 + I + 1 16
2 e 13 23 — 10 — 10 13
TP 10 22 — 12 — 10 12
Govrininnn. 9 17 — 8 o 17
S 10 10 o o 10
6. i 2 5 — 3 o 5
T 8 2 + 6 o 2
[ 3 1 + 2 o 1
[ PN 4 o + 4 o
I0. .. eevunn. o o o o
IT..eeennnn. I o + 1 o
S:a 100 100 o o 100
Tab. 28. Rikneschema II (jfr sid. 84)
Scheme of computing, II (cf. p. 159)
Observerat Kumulerade
Klass ytantal li’iqltss.%N Diff. differenser Sa
Class Observed numb. 1strib. Cumul. diff Sum
of plots . :
[o T 24 5,13 -+ 18,87 -+ 18,87
| S 16 15,24 -+ 0,76 -+ 19,63 + 48,50
2. 13 22,63 — 09,63 -+ 10,00} |
B3 10 22,40 — 12,40 — 2,40
Bovenniinn, 9 16,64 — 7,64 — 10,04
IR 10 9,88 + 0,12 — 9,92
(ST 2 4,89 — 2,89 — 12,81
T 8 2,08 “+ 5,92 — 6,89
8. 3 0,77 + 2,23 — 4,66
[ TN 4 0,25 “+ 3,75 — 0,91
I0.......... [¢] ' 0,07 — 0,07 — 0,98
5 N I 0,02 + 0,98 4+ 0,00
S:a 100 100 0,00 + 48,50
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Tab. 29. Berikning av hojdfaktorn
Computing of the height-factor
. O})se:ve:ai: ENEROTH's | PoIssoN’s
Hojdklass l;an ban af funktion funktion
Height class u;?a;trs ° Function of Function of
observed ENEROTH Po1ssoN
o 134 136 136
1 34 30 30
2 9 10 3
3 2 4
4 3 2
5 o I
6 I o
S:a 183 183 - 169
Tab. 30. HGgjdfaktorn
The height-factor
Hyggesalder | Hsjdfaktor | Hyggesalder | Hgjdfaktor
Years after Height-factor Years after Height-factor
cutting cutting
5 0,9593 18 0,8395
6 0,9501 19 0,8303
7 0,9409 20 0,8211
8 0,9317 21 0,8119
9 00,9224 22 0,8027
10 0,9132 23 0,7934
11 0,9040 24 0,7842
12 0,8948 25 0,7750
13 0,8856 - 26 0,7658
14 0,8764 27 0,7566
15 0,8672 28 0,7474
16 0,8579 29 0,7381
17 0,8487 30 0,7289
Tab. 31. Kombinerad korrektionsfaktor R, - R, - R, for barrtridsplantor
Combined correction factor for coniferous plants
" . Bestands- " . -
Hyggesalder | Nyfoéryngring oes <;ls Hyggesalder | Nyféryngring ]?esté,ngis
féryngring foryngring
Years after New Years after New
cutting regeneration Stand cutting regeneration Stand
regeneration regeneration
5 0,7304 0,5925 18 0,5953 0,5578
6 0,7185 0,5903 19 0,5865 0,5547
7 0,7069 0,5879 20 0,5780 0,5515
8 0,6956 0,5855 21 0,5696 0,5483
9 0,6844 0,5830 22 0,5614 0,5449
10 0,6735 0,5805 23 0,5534 0,5415
T’ 0,6630 0,5779 24 0,5455 0,5380
12 0,6526 0,5752 25 0,5379 0,5345
13 0,6425 0,5725 26 0,5305 0,5309
14 0,6326 0,5697 27 0;5232 0,5272
15 0,6230 0,5668 28 0,5161 0,5235
16 0,6135 0,5639 29 0,5090 0,5197
17 0,6043 0,5609 30 0,5022 0,5158
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Tab. 32. Tabell Gver varandra approximativt motsvarande medeltal och forband i olika fordelningar
Table of approximately corresponding means and spacings in different distributions

Den naturliga féryngringens hojd-
och typkorrigerade medeltal.. ... Rad 1 |o,5 1,0 [1I,5 |2,0|3,0 4,050 6,0 ]|7,0[8,0][09,0 |10,0

Mean of natural regeneration after correc-| Row
tion for height and type

Medeltal efter normalisering....... Rad 2 |o0,40|0,79| 1,19|1,58|2,37| 3,16 3,95 4,74 5,53| 6,32 7,11| 7,90
Mean after normalizing Row -

Medeltal i motsv. PoissoN-fordeln.] Rad 3 | 0,44/ 0,80| I,00| 1,34|1,90(2,63|3,54|4,55|5,43|6,32[7,11|7,90
Mean of correspond. PorssoN-distrib. Row

Medeltal i motsv. plantering...... Rad 4 |0,35/0,64]0,87|1,07|1,52|2,10|2,83|3,64|4,34|5,06]5,69[6,32
Mean of correspond. plantation Row

Planteringsférband, m............. Rad 5 | 4,17/ 3,11|2,66|2,40|2,01| 1,72 1,48| 1,30 I,19|1,10|1,04|0,99
Spacing of plantation, m Row '

D:o efter korrektion foér planttyp..| Rad 6 |3,30|2,60]2,30[2,10| 1,85 1,64]1,47|1,30|1,19|1,10/1,04/0,99
Do after correction for type of plants Row

Tab. 33. Forband och plantantal per ha i planteringar och motsvarande
jimforelseforyngringar

Spacing and number of plants per hectare of plantations and corresponding
comparison regenerations

I | 2 I 3a | 3b I | 2 | 3a | 3b
Plantering Motsvarande Plantering Motsvarande
Plantation jamforelseforyngring| Plantation jamforelseforyngring
For. |Antal plantor| oriesPonding com | T TR Tl plantor| srrePonaing som
band per ha Antal plantor per ha| band per ha ) plantor per ha
m Number of m Number of
) plants Number of plants . plants Number of plants
Spacing per hectare per hectare Spacing per hectare per hectare
1,0 10 000 12 500 12 500 2,2 2 070 2 250 2 Qoo
I,1 8 260 10 300 I0 300 2,3 1 890 I 950 2 600
1,2 6 940 8 8oo 8 800 2,4 1740 I 700 2 400
1,3 5 920 7 %700 7 700 2,5 1 600 I 450 2 100
1,4 5 100 6 900 6 900 2,6 1 480 I 250 1 800
1,5 4 440 6 150 6 200 2,7 I 370 I 100 I 700
1,6 3 910 5 400 5 600 2,8 1 280 I 000 I 500
1,7 3 460 4 750 5 100 2,9 1 190 900 I 400
1,8 3 090 4 100 4 500 3,0 1110 8oo I 300
1,9 2 770 3 550 4 100 3,1 I 040 750 1 200
2,0 2 500 3 050 3 700 3,2 980 700 I 100
2,1 2 270 2 600 3 300 3,3 920 650 I 100
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Tab. 34. Antal plantor i de mot tab. 14 svarande jimforelseforyngringarna.
Frisk mark

Number of plants in the comparison regenerations corresponding to tab. 14.
Healthy ground

m 6. h. = meters above sea level

Summa barvskogsforyngring
Sum of coniferous regeneration

Hygges- 100 m 6. h. 150 m 6. h. 200 m 6. h. 250 m 6. h.
alder

Years Antal frétrad per ha Number of seed trees per hectare
after

cutting 10 30 50 I0 30 50 10 30 50 10 30 50

T0 | 5706] 8435| 9 764|4 463| 6202|7050 |3 357| 4 391| 4 894] 2 431| 3 005| 3 284

15 6 799| 10 245| 11 923| 5 269| 7 466| 8 536 3 922 5 228| 5 864| 2 807| 3 531| 3 884

20 | 7534[ 11 462[13 375[5 810[8 315| 9 534| 4 301| 5 790| 6 515 3 059| 3 885| 4 287

25 8 023| 12 271| 14 341| 6 170| 8 878| 10 197| 4 553| 6 1636 947| 3 227| 4 119| 4 554

30 8 34I| 12 798| 14 969| 6 404| 9 245| 10 629| 4 717]| 6 406| 7 229| 3 335| 4 272| 4 728

300 m 6. h. 350 m 6. h. l 400 m 6. h. 450 m 6. h.

10 1695 I992| 2137|1139|1 282 135I| 735 799| 83| 454 | 481 | 493

15 1933] 2 307| 2490|1 281|1 461 I 549| 816 897| 936| 496 | 530 | 546

20 2 09I| 25I7] 27251 374|I 580| 1 680| 869 962| 1 007| 523 | 562 | 581

25 2 197| 2 658| 2 883|1 437|I 659| I 768| 904 | 1 004| 1 053] 543 | 584 I 605

30 2 266| 2 750 20986|1 479|1 712| 1 826| 927 |1 032|1 082| 554 | 598 l 619
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