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SAMANDRAG 

Ma let  med de t te arbe ide t var a granska frams e tte  hyp o te sar om 

" forventa trenda r "  og kor genere l t  de i g j e ld i e i t  �ko s y s tem 

som g j ennomgar s uk s e s j on .  Det  v a r t  u t f�rt ved a s amanl ikna 

utvikl inga av parame trar for s truktur og tett l e ik / b ioma s s e  

i p l ante- og fug l e s amfunn i 4 s tad i e r  av e in sekund� r  suk s e ­

s j on .  S tudieomr ad e t  var e in de l ta f late i inn s j �e n  0ye ren 

i S�rau s t -Noreg . Det f�r s te s t ad i e t  var ei ope n , s la t t  og av 

og til brend vateng , de t andre s tadie t ei  1 0  ars g j engrodd 

eng med spre idde buskar , de t tre d j e  e in 3 5  ar gama l ore skog 

og de t f j erde e in ore skog pa min s t  70 ar . Forekom s t e n  og 

tettle iken h j a  artene i p lante samfunna var t e s t imer t ved 

j amt forde l te pr�ve f later pa 2 m 2 . Fug l e s amfunna vart mal t  

ved h j e lp a v  kartme toden . 

Av de i forsk j e l l ige vek s t f ormer dominerte f l e irar ige gramino ider 

tidleg i suk s e s j onen , medan bu skar og tre var de i domine rande 

i me l l om- og s e ine s tadier . Mo s ane  var e i t  mona l e g  vek s t form­

inn s lag i yngre s tadier , s�r leg e t ter  1 0  ars  g j engro ing . 

Dekningsgraden av blomsterp lant er  var omtrent kon s tant g j en-

nom he ile  suk s e s j onen , medan bregnene dominerte urte s k ikte t i 

skog f a s ane . 

Den flor i s t i ske dive r s i teten ( ar t / ar e a l  regre s j on s indek s )  var 

s t�r s t  i de i inte rmedi� re s tadi e r  av suk s e s j onen , medan det 

f�r s te og de t s i s te s tad i e t  hadde e in f lo r i s t i sk d ive r s i t e t  

av oml ag same s torle ik . Men art s te t t l e iken var h�gare i den 

opne enga enn i k l imak s -ore skogen . Den f l or i s t i s ke d ive r s i ­

teten av karp lanter var monaleg l agare i s l atte-enga enn i 

kl imak s s tad i e t . Endr ing sgraden av f lor i s t i sk d ive r s i te t  var 

st�rs t  i de i t i d lege f a sane av suk s e s j onen . 

Truleg er den re l a t ivt lage f l or i s t i s ke dive r s i te ten i den 

opne fuk tegna for ar s aka av h�g frekve n s  av for s tyrr ing e l ler  
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popu la s j ons reduk s j onar , som h indrar poten s ie l l e  kolon i s tar 

( t . d .  buskarter ) a re s t i tuera seg e tter s la t t  o g  brenn i ng . 

Den f lor i s t i s ke dive r s ite ten p a  f e l t e t  er s an n syn l e gv i s  i e in 

dynami sk balanse me l l om a r t sredus erande og - f  remmande e f  fektar 

av sk j � ts e len . Popul a s j on s reduk s j onar h j a  dominante arter h ind­

rar konkurran s e l ikeve kt og t i l l e t  s a l e i s  under legne arter 

( t . d .  somme av mo seartene ) a koek s i s tera . Den art s f remmande 

ef fekten av at skj � t s e l s for s tyrr inga opph�yr e r , er truleg 

hovudforklar inga p a  den r e l a t ivt h�ge f lor i s t i ske d iver s i ­

te ten i de i intermedi� re s tadie r . E f f ekten av dette e r  s t�rre 

enn den forventa mot s e tte trend nar s amfunn e t  gradvi s n�rmar 

seg konkurran s e j amvek t .  I s lu t t s tad i e t  av s uk s e s j onen er tru l e g  

plante s am funne t n� rare denne l ikevekta . D e i  dominante konkur­

rentane har mei r e f fektivt monopo l i se r t  hovudre s sur sane o g  har 

sale i s  redu s e r t  ta l e t  p a  koeks i s terande art e r  og dermed de1r 
flor i s t i ske diver s i te t . Indika s j onar p a  denne aukande inter ­

spe s i f ikke konkurran s e n  ( truleg om lys ) s e r  e in av de t faktum 

at dekn ing sgrad-e s t imata av f e l t sk ikt e t  i auk ande grad er 

nega t iv t  korre lert me d dekn ing sgraden av bu s k a r  fra  den unge 

t i l  den e ldre ore skogen . 

Dive r s iteten  av artene s dekningspropor s j on ( Shannons indeks ) 

m inka l i tt , me n ikk j e  s ign i f ikan t , g j e nnom suk s e s j onen . Dette 

ind ikerer , saman med e i t  h�gare dominan s n iv a  av de i to hovud­

artene ,  at e in aukande de l av de i tota l e  r e s s u r s ane ver t  de l t  

me l lom f� rre arter e t ter s om suk se s j onen s k r i d  fram . Den romlege 

heteroge n i t e t  auka i de i s uk se s s ive s tad ia , men de i u l ike para­

me trane auka i avtakande grad . Lauvverk s d ive r s i t e t  og vegeta­

s j ons s j iktdiver s i t e t , mal p a  den fy s iognomi s k e  komp le k s i te t  av 

lauvv erks s j ik t , var n�r t  korre lert med den tot a l e  vege tas j on s ­

te ttle ik e l ler te t t l e iken a v  bu s k - o g  tre s j ik t . 

Av fug le samfunna som hekka pa  de s se suk se s j on s s tadia , dominerte 
Charadr i i -gruppa i den opne enga . I buskhab i ta t e t  var Ember i z idae 
og Sylviinae de i st�r s te tak sonomiske gruppene . Skog s tad ia va r 
domine rt av arter som h�yre r t ii Sylviinae, Turdinae og 
Fringillidae. Fug l e a r t s dive r s i teten ( Shanno n s  indek s )  synte 
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ein  re tn ingsbe s temt , j amn auke fra  s tadium e in t i l  f ir e . 

Divers ite t sauke n  var s t�r s t  i d e i  t id lege f a s ane og j amna 

seg s a  ut i de i s e inare skog s s tadia . S amstunde s minka 

dominansen av de i to me s t  frekvente ar tene g j ennom s uk se ­

s j onen . D ive r s i te t  o g  dominans i fugle s amfunna v a r  nega­

t ivt korre lert . Jamn le ikskomponenten av dive r s iteten  var 

berre l itt  h�gare i de i s lutta s kogshab i tata enn i de i opne , 

tidlegare suk se s j on s s tadia . 

Te ttle iken av busk- og tre s j ikta var den hab i t a tfak toren 

som be s t  foru t s a  fug le a r t s d ive r s i t e ten . Indeksane av romleg 

heterogenite t , t . d .  lauvv e rk s d ive r s i t e t  og vege ta s j on s s j ikt­

diver s ite t , fork l arte noko mindre av fugleartsdive r s i t e ten . 

Kork j e  p l antedive r s it e t s indeksar , var f l aumvar ias j onen e l l e r  

nokon andre hab i ta t f ak torar auka s ign i f ikant fork l a r inga av­

var ia s j onen i fugl e a r t s d iver s i teten i t i l legg t i l  lauvv erk s ­

tettl e iken e l le r  -diver s i teten . 

Art stett l e iken ( an t a l  arte r/are a l ) synte e in annan trend i 

auken enn artsdiver s ite ten . Art s te t t l e iken var for sk j e l l ig i 

a l l e  s tadier , me n syn te r ik t ignok berre l i t�n s k i l n a d  me l lom 

de i intermid i�re s tadier . I k l imak s f a s e n  var art s t e t t l e iken 

7 5 % h�gre enn i f�regaande s t adium . Til  tra s s  for u l ike ut­

vikl ings for laup var de i to indek sane av dive r s i te t  i fug l e ­

samfunna korre l e r te . Ar t s te tt l e iken var l ine� rt kor re lert 

med tett l e iken av fug le s amfunne t ,  medan artsdive r s i te te n  var 

korre lert med loga r i tmen ( na tur lege ) t i l  samfunn s te t t l e iken . 

Av de i forsk j e l l ige hab itatfaktorane , var de t te t t l e iken av 

bu sk- og tre s j ikte t som b e s t  forut s a  a r t s t e t t l e iken . Som for 

a rtsdive r s i te ten , fork l arte ingen av de i t idlegare nevn te 

hab itatfaktorane s ign i f  ikant me i r  av a r t s te tt le iken enn bu sk­

og tre s j iktte t t l e iken a le ine . 

Den struktur e l l e  komplek s i teten av hab itate t , her ma l t  som 

lauvv e rks d ive r s itet  e l ler vege ta sjons s j iktdiver s i t e t , og 

lauvverk s te t t l e ik , er tru leg grove e s t ima t av re s su r s -
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spennvidda e l l e r  ni s j e rom/ n i sj evo lum . Denne fak toren er 

sannsynlegv i s  ve sent leg for a b e s t emma fug l e a r t s d iver s i te t ,  

saman med n i s j ebre idde og n i s j e ove r lapp ing . 

Dive r s ite ten i de i s e ine suk s j on s s tadi a med ore skog shab i ta t  

i denne s tud ien er l agare e n n  i andre lauvskog ar med l iknande 

strukture l l  d iver s itet . Data fra denne suk s e s j onen , saman­

likna me d andre lauvskogsgradientar , p e ikar an tan p a  at n i s j e ­

romme t er  overe s t imer t av inde k sar b a s e r t  p a  l auvverke t s  te t t ­

le ik o g  d ive r s itet e l le r  a t  andre fak torar redu s e r e r  antal 

koek s i s te rande arter og de ira re l a t ive te t t l e ik . De s se fak­

torane kan ve ra mi l j �me s s ige ( variab i l i t e t ) og / e l le r  indre 

faktorar i fug l e s amfunne t ( interspe s i f  ikk konkur ran s e , preda­

s j on )  som verkar inn pa  artene s res sur sbruk ved a auka n i sj e ­

bre idda og / e l l e r  minka n i s j eove r l appinga . 

Ore skogar er  karakter i s e r t  av e i n  re l a t ivt l a g  fug l e a r t s ­

dive r s ite t s amanl ikna me d andre l auv skogar , bor t s e tt fra sub ­

alpin b j �rke skog som har oml ag same d ive r si te t . Produkt ivi ­

teten i ore skogane er  h�g . Andre lauv skogar h a r  berre 1 0  t i l  

4 0  % av fug l e s amfunn s te tt l e iken t i l  ore skogane . De t te faktum 

ind i kerer at re s sursdive r s ite ten i ore skogar e r  l ag , og lagare 

enn forve nta av e s t imat av lauvverk e t s  d iver s it e t  og tet t l e ik . 

V o lume t av forekommande og t i l g j enge l ege re s sur sar ma imidler­

tid vera s tor t . 

Sj�lv om fugledive r s iteten i denne s tudien e r  s terkt korre lert 

med de i hab i tatfaktorane s om e r  f re i s tnader p a  a ma l a  re s sur s ­

spennvidda , e r  de t l i keve l konk lude r t  med a t  de s s e faktorane 

er un�yak tige ma l for ei vidare gruppe hekke hab itat  enn de i 

som f in s t  i denne suk se s j onen . 

Te ttle iken av fug l e s amfunne t auka omtrent l ine� r t  gjennom 

sukse s j one n , fra omlag 1 2 0 par /km2 i p ione r s ta d i e t  t i l  omlag 

3 0 0 0  par/km 2 i kl imak sore skogen . Te t t l e iken av bu sk- og tre­

sj ikta vart vurde rt a ve ra den hab i ta t faktoren s om synte s terkast 
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samvar i as j on med samfunn s te t t l e iken , men forho lde t me l lom 

de s s e  var  ikk j e  l ine� r t . Loga r i tmen t i l  s amfunn s te t t l e iken 

var l ine� r  og s terkt korre l e r t  med te t t l e ik e n  av busk- og tre­

sj  ikt . Dette ind ike rer anten a t  tettle iken av fug lar er be­

stemt av faktorar i t i l legg t i l  f �deproduk t iv i t e t  innan fe lte t 

( dersom d e t  e r  l ine arite t me l l om l auvverk s e s t imata og t i l ­

gj enge lege f�dere s su r s a r ) e l le r  a t  somme arte r e r  de lvi s  av­

heng ige av f�de t i lgang utan for hekkehab i ta t e t  ( t . d .  Turdu s 

pilar i s  o g  C olumba palumbus). 

Tettle iken av a l l e  re irp l a s s e r ing sgruppe r auka g j ennom suk s e ­

s j onen . Arter med re ir i busk- o g  tre s j ikta auk a me s t  der som 

ein sama n l ikna ung og gama l ore s kog . Te t t l e iken av de s s e  

artene synte ek sponen s i e l l  vek s t g j ennom suk s e s j onen . Bu sk- og 

tr e s j iktte t t l e iken var den hab i ta t f aktoren som f o rk l ar te me s t  

av denne t e tt l e ik svek s ten , faktoren var n� r t  korre lert  med 

loga r i tmen t i l  t e t t l e iken t i l  busk - og tre-hekkande arter . 

Tilve k s ten i f �de s�ksgrupper  r e f l ekterte t i lveks ten av fy s io­

gnomi ske grupper av  p lanter i hab i ta ta e tt e r s om s uk s e s j onen 

skreid fram . S k i lnaden me l lom de i tre f�rs te s tadia var utta l t , 

men me l l om de i to skog shab i t a ta var ski l nad e n  l i ten . Te t t l e iken 

av arter som f inn f �de i lauvverk i busk og tre s j ikt aukar 

mindre i h�ve t i l  e in g i tt auke i tett le iken av busk- og tre­

s j ikta enn te t t l e iken av arter som bygg j e r re i r  i de s s e  s j ik ta . 

De tte kan ind ikera a t  f�dere s sur sane ( om de i e r  l ine�rt korre ­

lert med l auvv erk s te t t l e ik ) er e in viktigare regu le rande faktor 

enn mengda av t i l g j enge lege reirp l as sar ( om l auvv e rk s tett le ik 

er e in god indikator pa  mengda av de s s e ) . 

Artsoms e t j inga var h�gare i p la nte samfunna enn i fug l e samfunna 

av di  art s t a l e t  er h�gare . Gr aden av arts u t s k i f tn i ng for begge 

samfunn var h�ga s t  i de i t id l ege suk se s j on s f  a sane og avtok 

j amt mo t k l imak s . Nedgangen i art sorns e t j ing var para l le l l  

na r e i n  samanl ikna p lante- o g  fug l e s amfunna i s uk s e s j onen . 

Denne kongruente trend var den me s t  s l aande av d e i  forsk j e l l ige 

samfunn se ige ns kapane som var t  unders�kt i denne �ko sys tern-
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utvik l inga . De t er indika s j onar pa a t  suk s e s j o ns rate- utv ik l inga 

er uavhe ngig av dive r s i te t sn ivaet i dei suke s s ive s amfunna . 

Nar e in samanl ikna r med andre s ekund�re suk se s j onar , syner 

data fra denne s tudien at suk s e s j on srate-nedgangen er re l a t ivt 

h�g ( e l ler at  de t er re l a t ivt kor t tid f�r a r ts s arna n s e t j inga 

i kl imak s samfunnet er n add ) . D e t  er tru l e g  at nedgangen i 

artsoms e t j ing er delvi s b e s temt av produk t iv i t e ten i omrade t .  

Den ve s le auken i somme parametra r for fug l e s amfunn s s tab i l i t e t  

( l ikskap i popu l a s j on s s to r l e iken fra ar t i l  a r  e l l e r  s amfunn s ­

stab i l ite t )  i de i se ine suk s e s j on s s tad ier skulda s t  truleg t i l ­

feldige var i a s j onar . I d e t  s tore o g  he i l e  fe l l  s t ab i l i te ten  

i de i suk s e s s ive samfunna innan ramme ne f o r  fugle s amfunn s s tab i ­

li  tet f o r  denne de len av de t s�rlege Skandinav i a . S tab i l iteten 

er sannsynl egv i s  me s t  be s temt av k l imavar i a s j on fra ar t il' ar . 

Det er konk lude r t  med a t  data fra denne s tud i e n  ikk j e  s t�ttar 

hypote sar om para l l e l l e  trendar i u tv ik l inga av s amfunns s truk­

tur ( ar t s r ikdom , d iver s it e t ,  j amn le ik ,  dom inan s ) pa  produ sent­

o g  sekund� r t  kon sume n tn iva i �kosys tem s om g j e nnomgar s uk s e ­

s j on . Mak s ima l d iver s i t e t  var t  nadd t id l egare i p l an te s am­

funne t enn i fug l e s amfunne t i suks e s j onen . D e t t e  m�ns teret 

kunne ein ve nta s idan p lante s amfunne t s  f y s iognomi ske s truktur 

�r vik tigare enn art s d iver s i te ten for fuglane , og den s t�rs te 

strukture l l e  d ive r s ite t ve r t  nadd se inare enn den s t� r s te 

p la ntediver s i te ten . 

Te ttle ik s - og b ioma s s e - e s t ima ta av p l ante - og fugle s amfunna 

synte s t�rre grad av s aman f a l l ande trendar enn s truk tur -• 
Parametrane g j ennom s uk se s j onen . De s se �ko s y s t emparame trane 

va r sal e i s  re l a t ivt me i r  i samsvar med de i fo r e s l atte " forventa 

trendar " .  Men s j � l v  om utvikl ingsretn inga i grove drag var 

samanfa l l ande for lauvverk sdekn inga e l le r  - t e t t l e iken og 
fugle te tt le ik e l le r  -b ioma s se , var ikk j e endr ingsgraden i 
samsvar me d teor ien . Mak s ima l auke i parame trane for p l an te ­
samf unne t var tidleg , medan den s t� r s te auke n i fugl e s amfunne t 
fa ns t se int i suk se s j onen . 
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SUMMARY 

The a im o f  the pre sent s tudy wa s to examine propo s e d  hypo­

the s i s e s  of " trends to be expe cted " and the ir gene r a l i ty 

in an ecosys tem undergo ing succe s s ion . I t  wa s p e r f o rmed by 

c ompar ing the deve lopment of s ome parame te r s  of the s truc­

ture and the den s i ty/b ioma s s  of p la n t  and b i rd commun i t i e s 

in 4 s tage s o f  a secondary suc c e s s io n . The s tudy area wa s • 

a de lta p l a in in  lake 0Y ere n , S E  Norway , the f ir s t  s tage wa s 

an open , we t ,  mown and occat iona l ly burned me adow , the s econd 

a 1 0  year old abandone d meadow w i th s c a t tered shrub s , the 

th ird a 3 5  year o l d  a lder fore s t  and the fourth an a lder fore s t  

o f  not le s s  than 7 0  year s . The spe c ie s ' occurence and abun­

dance o f  the p l an t  commun i t i e s  we re s amp led by regu l a r ly 

distr ibuted 2 m2 quadra t s . The b ir d  commun i t ie s  we re samp led 

by the te rr i tory mapp ing me thod . 

Of the var ious forms peren n i a l  gramino ids were dominat ing 

early in the succe s s ion , wh i l e  shrubs and tre e s  predomina ted 

the interme d iate and late s tage s . The mo s s e s  were a cons ide ­

rable growth form in the early  s t age s , e sp e c i a l ly  about 1 0  year s 

af ter abandoneme n t . I n  the herb layer , the c ove r o f  the forb s 

was almo s t  cons tan t throughout the e nt ire succe s s ion , wh i l e  

the ferns dominated in the fore s t  s tage s . 

The f lo r i s t i c  dive r s i ty ( spec ie s / a r e a  regre s s ion index ) wa s 

found to be h ighe s t  in the interme d i a t e  s tage s o f  the succe s ­

sion a nd notewor thy , the ini t ia l  and f ina l s tage s had a 

f lor i s tic d ive r s i ty o f  s im i l a r  magn i tude . The spe c i e s  den ­

si ty , however , wa s h ighe r in  t h e  open  me adow than in  the c l imax 

a lder fore s t . When  cons ider ing the va scular p l an t s  only , the 

f loristic  dive r s i ty of the mown meadow wa s cons iderab ly lower  

tha n of  the c l imax s tage . The rate  o f  change in the f l or i s tic  

d iver s i ty wa s highe s t  in the e a r l y  s tage s o f  the suc c e s s ion . 
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I t  i s  a s sume d that the re lat ive ly low f lor i s t i c  d ive r s i ty in 

the ini tial  plant commun i ty is cau s e d  by h igh frequ e nc y  of 

dis turbance or popu l a t ion reduc t i o n s , preventing s ome poten s ial  

colon i s t s  ( e . g .  shrub spe c ie s )  to recove r a f ter  mow i ng o r  

burning . The f lo r i s t i c  diver s i ty on the s i te is  probab ly in  

a dynamic balance be tween the s pe c i e s -depre s s i ng e f f e c t s  and 

the spec ie s -promo t ing e f f e c t s  of the management . The popu l a ­

tion reductions  o f  the dominan t s  prevent compe t i t ive equ i l i ­

br ium and i s  thu s a l l ow ing i n f e r ior s pe c ie s  ( e . g .  s ome o f  the 

mo s s  spe c ie s )  to coex i s t . The spec i e s -promo t ing e f fe c t  o f  

re lease from management d i s turbance i s  probab ly  the ma j or 

exp lana tion of  the r e l a t ive h i gh f lor i s t i c  d ive r s ity in the 

intermed iate s t age s . The e f fe c t  i s  greater than the exp e c ted 

oppo s i te trend when the communi ty is gradua l ly approaching_ 

competitive equ i l ibr ium . In  the f ina l s tage the p l ant  commu ­

nity mo s t  probab ly i s  c loser  to  th i s  equ i l ibr ium . T h e  domi­

nant comp e t i t o r s  have more e f f i c ien t ly monopo l i z e d  the ma j or 

re source s and thu s reduced the numb e r  o f  coex i s t ing spec i e s  

and the f lor i s tic  d iver s ity .  I nd i c a t ions o f  th i s  i ncreas ing 

inte r spe c i f  ic compe t i t ion ( probab ly for l ight ) in  the fore s t  

stage s i s  g iven b y  the fac t tha t the cover e s t ima te s o f  the 

herb laye r  wa s increa s ingly negat ive ly corre lated to the cover 

of s hrub s . 

The dive r s i ty o f  the spec ie s cover proport ion ( Shannon ' s  index ) 

was s l igh tly , but not s igni f i c a n t l y , decreas ing throughou t the 

suc ce s s ion .  I t  indicate s , toge the r wi th the h ighe r  l eve l o f  

dominanc e b y  the two ma j or spec i e s , tha t a n  increa s in g  amount 

of the total r e s ource s is shared by fewe r spe c i e s  as the 

succ e s s ion pro ceed s . 

The spat i a l  he te roge n i ty wa s incre a s ing in the succe s s ive s t age s 
but the  d i f ferent  pa rame te r s  we re inc r e a s ing a t  a de c r e a s ing 
rate .  The f o l i age h e igh t and vege tation s trata diver s ity , me a ­
sure s o f the phy s iognomic comp l e x i ty o f  fo l iage s tr a ta , we re 
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c lo s e ly corre l a ted to the den s i ty o f  th e tota l vegetat ion or 

the de ns ity of shrub s and tre e s  in the s tudi e d  s ite s . 

In the b i rd commun i t i e s breed ing on the s e  s u c c e s s ive s tage s ,  

theCharadrii-group predomina ted in the open me adow . In  the 

shrub hab itatEmberizidae and Sylviinae we re  t h e  ma j or taxono­

mic a l  group s . The fore s t  s tage s were domi n a t e d  of spe c i e s  be­

long ing to Sylviinae, Turdinae and Fringillidae. The b ird 

spec ies  diver s i ty ( Shannon' s index ) showed a d i re c t iona l , 

smooth incre a s e  from s tage one through four . The increme n t  

wa s highe s t  i n  the early  s tage s and leve l l e d  o f f  i n  t h e  later 

fore s t  hab itat s . S imu l t anous ly , the dominance of  the  two mo s t  

common spec ie s decre a s e d  dur ing the succe s s ion . The dive r s i ty 

and the dominance in the b ird commun i t i e s  we re  nega t ively corre­

lated . The evenne s s  c omponent o f  dive r s i ty was only s l igh t ly 

higher in the c l osed fore s t  hab itats  than i n  the open , early 

succe s s iona l s tage s . 

The den s i ty o f  the shrub and tree layer s wa s f ound to be the 

be s t  predi ctor of b i rd spe c i e s  d ive rs ity . The ind i c e s  o f  

spa t i a l  he te roge nity , e . g .  fol iage he igh t d ive r s i ty and vege­

tation s trata d ive r s i ty ,  exp la ined somewh a t  l e s s  of  t h e  var ia­

tion in bird spe c i e s  d ivers i ty .  Ne ither p la n t  dive r s ity indice s ,  

spr ing f lood var iab i l i ty nor any other hab i t a t  f a c tors  provided 

s ign i f icant increase in  the exp lana tion of b ird spec i e s  diver­

s i ty in add i t ion t o  the  ind i ce s o f  f o l i age den s i ty or  dive r s i ty . 

The spec i e s  r ichne s s  ( number o f  specie s / are a )  exh i b i ted a d i f f e ­

rent pattern o f  inc r e a s e  than the spe c i e s  dive r s i ty . The spec i e s  

richne s s  d i f fered among a l l  the s t age s , however , in the inter­

med iate s t age s only minor . I n  the c l imax , the spe c i e s  den s i ty 

wa s 7 5  % h ighe r than in  the preceden t .  I n  s p ite o f  d i f ferent 

cour s e s  of  trends , the two indice s o f  b ird commun i ty d ive r s i ty 

we re corre lated . 

The spec ie s r ichne s s  wa s l inear i l y  corre l a t e d  to the b ird commu ­

n i ty den s i ty ,  wh i l e  the spec i e s  d iver s i ty wa s corre l ated to i t s  



- 1 0  -

natur a l  logarithm . O f  the var ious hab i t a t  f a c tors , the dens ity 

of the shrub and tre e  l aye r s . gave the be s t  predi c t ion o f  b i rd 

spec i e s  richne s s . As  for b ird spec ie s d ive r s i ty ,  none o f  the 

othe r fac tor s mentioned pr eviou s ly added fur ther s ign i f icant 

exp lana tion of the specie s r i chne s s  var iation . The s truc tur a l  

comp lexity o f  the hab i tat , here measured a s  f o l iage he ight 

dive r s i ty and vege t a t i on s trata diver s i ty ,  and fo l iage den s i ty , 

are a s sumed to be rough e s t imates  of  the re s ource span or n i che 

space . Th i s  factor i s  be l ieved to be a ma j or de terminant o f  

bird spe c ie s  diver s i ty ,  toge ther with n i ch b readth and ove r l ap . 

The d iver s ity of  the late  succ e s s ion a l  a lder fore s t  hab i ta t s  

i n  the pre sent s tudy is  lower than o f  o t h e r  dec iduou s fore s t s  

of s im i l iar s tructur a l  d ive r s i ty . The data f rom th i s  succe s s ion , 

compared with other dec iduous fore s t  grad ient s ,  sugge s t  e i ther 

that the niche space i s  over-e s t imated by the f o l iage d ive r s i ty 

and den s i ty ind ice s or  that other fac tor s reduce the number and 

re l a t ive abundance o f  coex s i s ting spe c ie s . The s e  fac tor s could 

be e nvironmental ( unpred ictab i l i ty )  and /or i n tr in s i c  b ird 

communi ty fac tor s ( in terspe c i f i c  compe t i tion , preda tion ) in f lu­

enc ing the spe c ie s ' r e s ource u t i l a t ion  by inc r e a s ing th e bre adth 

and /or decreas ing the over lap . Alder f o re s t s  are charac ter i zed  

by a re lative ly low spe c i e s  d iver s i ty compared to oth e r  dec i­

duous fore s t s , exc e p t  suba lp ine b irch fore s t s  wh ich have diver­

s i ty o f  the same mag n i tude . The produ c t ivi ty o f  the a l der 

fore s t s  i s  high . O th e r  dec iduous fore s t s  have only 1 0  to 4 0  % 

of the bird commun i ty den s i ty o f  alder fore s t s . Thi s  ma tter 

of fac t indicate s  that the re source dive r s i ty in  alder fore s t s  

i s  low , and lower than exp e c ted from the e s t ima tes  o f  fol iage 

diver s i ty and den s i ty . The vo lume o f  the occur ing and ava i lab le 

re s ource s ,  however ,  mu s t  be cons ide rab l e . I n  sp ite o f  a c l o s e  

f i t  o f  bird d iver s i ty t o  the hab itat f a c to r s  a t temp t ing t o  b e  

e s t ima te s  of  the re s ource span i n  the pre s e n t  succe s s ion , i t  

i s neverthe l e s s  conc luded · that the se fac tor s are  ina ccurate 

measure s for a wider group of  bre ed ing hab i t a t s . 
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The b ird commun i ty den s i ty wa s found to inc r e a s e  almo s t  l inear ily 

throughout the succ e s s ion , f rom about 1 2 0 p a i r s /km 2 in  the p ione er 

stage to  about 3 O O O  p a i r s /km2 in the c l imax a lder fore s t . The 

dens i ty of the shrub and tree layer wa s cons idered to be the 

be s t  predictor of b ird commun i ty den s i ty , but the r e l a t ionship 

wa s non - l inear . The natu r a l  logar i thm of the commu n i ty den s i ty 

wa s l inear i l y  and c lo s e ly corre lated to the shrub and tree f o l i ­

age den s i ty . Thi s sugge s t s  e i ther that the d e n s i ty i s  determined 

by factors  supp leme n tary to food produc t i v i ty w i th in the p lo t ,  

( i f there i s  l inear ity b e tween the fol iage e s t ima te s and food 

re sources  ava i l ab l e ) or tha t s ome spe c i e s  are part ly depen­

dent on food acce s s  outside  the breeding habi t a t  ( e . g .  Turdu s 

pilari s  and Co lumba pa lumbu s .  

The de n s i ty o f  a l l  breeding s i te group s was  incre a s ing throughout 

the succe s s ion . Spe c ie s  breeding in the shrub and tree s trata 

were incre as ing mo s t  when compar ing the young and the old  a lder 

fore s t . The combined dens i ty of the se group s wa s found to exh i ­

b i t  exponenti a l  growth dur ing the succe s s ion . The shru b  and tree 

den s i ty gave the be s t  pre d i c t ion o f  shrub and tree breeder s ' 

den s i ty , howeve r , in a non- l inear way . The natu r a l  logar ithm o f  

the popu l a t ion den s i ty o f  spe c ie s  with ne s t s  i n  s hrub s and tree s 

wa s c l o s e l y  corre lated t o  the dens ity o f  the shrub and tree laye r . 

The add i t ion o f  gu i ld s  ( feed ing s i te ) re f l e c t s  the add i t ion o f  

p lant phy s iognomic forms in· the habitats  a s  the succe s s ion 

proceeds . The d i f ference b e tween the three  f ir s t  s tage s was pro­

nounced , but between the two l a s t  s tage s  it wa s only minor . 

The den s i ty of  shrub and tree f o l iage feede r s  wa s found to 

inc re ase le s s  to a g iven incr e a s e  in den s i ty of s hrub and tree 

fol iage than the d e n s i ty of  spec i e s  bre eding in tho s e  s trata . 

This  may sugge s t  tha t food re s ourc e s  ( i f l inear i ly  re lated to 

fol iage dens ity ) is a more important regu l a t ing f a c tor than 

breed ing s i te ava i l ab i l i ty ( i f fol iage den s i ty i s  a good ind i ­

cator of  ne s t ing s i te quan t i ty ) . 
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The spec ie s turnove r was  h ighe r in the p l ant commun i t i e s  than 

in the bird commun i t i e s , due to the h i gher spec ie s number . The 

rate of spe c i e s  rep lac ement for both c ommun i t i e s  w a s  h ighe s t  

i n  the early s tage s and decreased gently toward s c l imax . The 

dec l ine in spec ie s tu rnover was found to be para l l e l l  when  

compar ing the p lant and b ird commun i t ie s  in the succe s s ion . 

Th i s  congruency in trend was  the mo s t  s tr iking o f  the various 

commun ity attr ibute s cons idered in the p r e s e n t  e c o sy s tem deve l ­

opment . I t  indic a te s  tha t the succe s s ion rate deve l opment i s  

independent of  the d iversi ty leve l o f  the succe s s ive c ommun i t ie s . 

When compar ing w i th o ther secondary succe s s io n s , data f rom the 

pre�one show tha t the succe s s ion rate  decreme n t  i s  re l a t ive ly 

h igh ( o r  the dur a t i on be fore the c l imax spec i e s  compo s i tion 

is achieved i s  re l a t ive ly short ) . It  is  a s s umed tha t  the spec ie s 

turnove r de c l ine i s  par t ly de term ined by s i te produc t iv i ty . 

The s l ight incre a s e  i n  some parame te r s  o f  b ird commun i ty stabi­

l i ty ( year-to-year popu lat ion per s i s tence or commun i ty s tab i­

b i l i ty )  in the late succ e s s iona l s tage s w a s  a s sumed to be 

acc ident ial. The overa l l  leve l of s t ab i l i ty in the succe s s ive 

commun ities  fe l l  within the range s o f  b ird commun i ty s tab i l i ty 

for thi s par t o f  southern Scandinavia . The s tab i l i ty i s  be­

l ieved to  be de termined _ _  mos tly by c l imat ic predictab i l i ty .  

I t  i s  conc luded that the pre sent data do not suppor t hypo­

the s i s  of  paral lel l trends in the deve lopment o f  commu n i ty 

struc ture ( spec ie s ri chne s s , d ive r s i ty ,  evenne s s , dominance )  

at the producer and se condary con sume r l eve l in  e c o s y s tems unde r­

go ing succe s s ion . The dive r s i ty peak is reached e a r l ier in 

P lan t than in the b i rd commun i t ie s  in the succe s s ion . Th i s  

pattern wa s to b e  expec ted s ince the b i rds re spond t o  th e 

P hy s iognomic s truc ture o f  the p l an t  c ommun i ty rather than to 

the divers ity of taxa , and max imum s truc tur a l  d ive r s i ty i s  

ach ieved la ter than p l ant d iver s i ty .  
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The den s i ty or  b i oma s s  e s t imate s o f  the p l ant and b ird commun i ­

tie s exh ib i ted a h igher degree o f  congruency than the s truc tural  

parameters  dur ing the succe s s ion . The s e  a spe c t s of  the  eco­

sy stems are  thus re la t ive ly more in a ccordance w i th the  proposed 

" trend s to be  expec ted " .  But even i f  the ove ra l l  d i r e c t ion o f  

the deve lopmen t  o f  fol iage cover or  den s i ty a n d  b i rd den s i ty 

or bioma s s  i s  re l a t ive ly conf orm , the ob s e rved rate o f  increa s e  

is  not i n  agreement with the theory , s ince  t h e  max imum incre ase  

is early  in the succe s s ion in the p lant c ommun i t i e s  and late 

in the b ird commun i t ie s . 



1 .  INTRODUCTION 

1 . 1 .  Aim of  the s tudy . 
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Succe s s ion has  been crEof the ma j or e c o log i c a l  sub j ec t s  s tudied 

and debated in  the 2 0 th century . The con trove r s i e s  are on views 

of the cons e p t  as we l l  as on the " tr e nd s  to  be  expe c t e d " in the 

deve lopment of ecosy s tems . 

MARGALEF ( 1 9 6 8 )  and ODUM ( 1 9 6 9 )  summar i z e the s e  trend s  in the 

attr ibute s of ecosystems unde rgo ing suc ce s s ion . S ome of the s e  

are : 

Increas ing b ioma s s , s tab i l i z ed g ro s s  p roduc t ion/commun ity r e s p i ­

ration , decrea s ing ne t commun i ty produc t ion , increa s i ng d iver­

s i ty , incre a s ing s tr a t i f ication and spat i a l  h e t e rogen i ty , in­

creas ing ave rage s i ze of  organ i sms , inc r e a s ing n i che  spec ia l i ­

tion , shi f t  from predominant s e l e c ti on for rapid growth 

( r- s e l ec t ion ) to feedback control  ( K- s e lec t ion ) ,  inc rea s ing 

longev i ty and comp l ex i ty in l i fe cyc l e s  and incre a s i ng s tab i ­

l i ty aga ins t external pertuba t ions . 

The re lat ive rate o f  change in  the s e  parame t e r s  are su ppo sed  

to be  h igh i n  t h e  early s tage s and decrease  towards c l imax . 

Many inventiga t ions are per forme d ,  e sp e c i a l l y  dur ing the la s t  

2 0 - 3 0  years t o  d e te c t  the va l id ity  o f  the se p ropo s ed changes  

of ecosys tem prope r t i e s . Appare n t l y , a s  showed i n  the review 

in section 1 . 3 and 1 . 4 ,  some of the s truc tural  charac t e r i s t i c s  

of  plant and b ird commun i t i e s  und e rgoing suc c e s s iona l change 

seems to show s im i lar trend-deve lopme n t s . Congruency of a l ter­

rations of  the s e  propertie s ind i c a te s tha t the  propo s ed hypo­

the s i s  app ly to the who l e  e c o s y s tem . However , the exc i s t ing 

verif ications are performed only on e i ther one or the o ther of 

two troph ic leve l s . The ob j ec t  of th i s  s tudy wa s to examine 

some of  the succ e s s ion trends me n t i oned previou s ly in commun i ­

ties at  two trophic levle s in a n  e c o s y s tem s imu l tanou s ly : P lant 

conunun it i e s  on the p r ima ry producer  leve l and breed i ng b i rd 

conunun i t ie s  on the secondary ( or h ighe r )  con sumer leve l . When 

co ns ider ing bot h p l ants and b i rds  i n succe s s ive commun i t i e s , 
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an examination o f  the general i ty o f  the expec tations and s tate-
s 

ments  pu t forward by MARGALEF ( 1 9 6 8 ) , ODUM ( 1 9 6 9 )  among o ther , 

i s  provided . Para l l e l  trends in  c ompa rab l e  commun i ty para­

me ters wou ld support the view tha t the deve lopmental  cour se s 

are ecosystem charac t e r i s t i c s  o f  var i ou s  organi z a t ion  leve l s , 

whe the r troph i c a l  or taxonomic a l . The a t t r ibute s inve s t iga ted 

i n  th i s  e l aboration are · ma inly a s s oc iated with the spec ie s 

compo s ition and abundance s tructur e , den s i t i e s, l i f e  form or 

gui ld group s , s i z e s , spatial  hete roge n i ty and  var ious  aspec t s  

of  s tab i l ity . Attemp t s  are made to throw l ight upon the r e l a ­

t ion ship s  between the  commun i t ie s o f  t h e  two leve l s , to  dete c t  

the mechan i sms c au s ing the pa ttern ob s e rved , e spe c ia l ly the 

dependence of the consumer commun i ty on the producer  commun i ty .  

The s tudy a ttemp t s  to answer the f o l lowing spec i f ic que s t ion s : 

1 .  I s  the d ive r s i ty , evenne s s , dominan c e  and den s ity/b ioma s s  

o f  the p lant and b ird commun i t ie s  undergo ing direc t iona l 

change dur ing suc ce s s ion ,  i f  so , a r e  they exhib i t ing 

increas ing or dec re a s ing trend s ?  

2 .  I n  what period o f  the succe s s ion are the s e  s tructural  

prope rties  exhib i t ing the mo s t  rap id change ? 

3 .  How are the s e  commun i ty charac te r i s t i c s
.

re lated?  

4 .  Are there s imi l ar i t i e s /d i f ferenc e s  in the  trends of  the se  

s truc tural a t t r ibutes  o f  t h e  p l ant and  b i rd commun i t ie s  during 

succe s s ion ? 

5 . I s  there an inc r e a s ing spa t i a l  h e t e roge n i ty ?  

6 .  I s  the spec ie s compo s i t ion s tab i l i ty o f  the p la n t  and b ird 

commun i t i e s  inc r e a s ing or dec re a s ing ? 



- 1 6  -

7 .  Are the re d i f ferenc e s  in the re l a t ive spec i e s  turnove r 

rate s betwe en the p lant and b ird c ommun i t i e s ? 

8 .  I s  the s tab i l i ty o f  the popu l a t ion dens� t i e s  o f  the b ird 

commun i t ie s increas ing ? 

9 .  What hab itatfactors are ac count ing for  the ma j or i ty o f  the 

variation in  dive r s i ty , gu i ld s t ruc ture and den s i ty between 

the b i rd commun i t ie s ?  

1 . 2 .  De f in i t ions  and approache s to succ e s s ion . 

The inc ip ient de f in itions  and s ta teme n t s  o f  the succe s s ion con­

ceptions were arr ived a t  through botan i c a l  s tu d i e s . CLEMENTS 

( 1 9 1 6 )  de f ine s succe s s ion as the unive r s a l  p roc e s s  of d irect ion a l  

change in vegeta tion , a pr9gr e s s ive change in t h e  s p e c i e s  compo s i-

tion o f  the commun i ty . He compared the suc c e s s ion o f  commun i t ie s  

to the deve lopmental proc e s se s  o f  organ i sms and cons idered the 

commun i t ie s  to be an organic ent i ty . CLEMEN TS' v i ew on suc ce s s ion 

is  prevalent in more recent de f in i t ion s , too . MARGALEF ( 1 9 6 3 )  

and ODUM ( 1 9 6 9 )  look s upon ecological  succe s s ion a s  an orderly 

proc e s s  o f  commun i ty deve lopme n t  tha t ha s a d i r e c t ional trend 

and is predic tab l e . . It re su l t s  from the mod i f i c a t ion of the 

phys ical environment by the commun i ty .  The suc c e s s ion i s  

commun i ty-contro l l ed , but the phy s ic a l  environme n t  determine s 

the pattern , rate o f  chang_e  an,d s e t  deve l opme n t a l  1 imi t s . 

Thi s  ho l i s t ic approach to succ e s s ion i s  contra s ted  by a more 

individua l i s t i c  view ( c . f .  GLEASON 1 9 1 7 ) . Many e c o l og i s t s  argue 

that succe s s ion is d i s o rderly and unpred ic tab l e  and a r i s e s  

from direct iona l changes  in  extrin s ic fac tor s a s  we l l  a s  e f f ec t s  

from the organ i sms o n  the envi ronment . The s te ady s tate o f  

spe c i e s  compo s i t ion and ecosy s tem prope r t i e s i s  que s t ioned and 

suc ce s s ion is looked upon as a probab i l i s t ic proce s s  of spec i e s  

rep lacement . As a commun i ty p ro ce s s , succe s s io n  mus t  re sul t 

from the unde rlying dynamic s o f  ind ividu a l  popu l a t i on s . Th i s  
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view upon succe s s ion i s  recently advo c a ted by EGLER ( 1 9 5 4 ) , 

DRURY & N I SBET ( 1 9 7 3 ) , HORN ( 1 9 7 4 , 1 9 7 5  a ,  b ,  1 9 7 6 )  and CONNELL 

& S LATYER ( 1 9 7 7 ) . 

Primary succe s s ions are the term on s i te s  not previou s ly occu­

pied by vege tation . I f  the s ite i s  previou s ly occup ied , the 

suc c e s s ion is  c a l l ed secondary. Autoge n i c  suc ce s s ion s , where 

the changes  are brough t about by the a c t ion o f  the p lants  

themse lve s on the hab it a t , are d i s t ingu i s ed from allogenic 

suc c e s s ion , where the change s are brought about by external 

factors ( TANS LEY 1 9 3 5 ) . The succe s s ion i s  progressive if the 

new vege tat ion type that  deve lops on an area is  more comp lex 

than the type it rep l a c e s  ( MC CORMICK 1 9 6 8  in  WALDEMARSON JENSEN 

1 9 7 9 ) . The mo s t  imp ortant charac ter i s ti c  o f  a progre s s ive suc ­

ce s s ion i s  an increas i ng produc t iv i ty , and in a re trogre s s ive 

suc ce s s ion decreas ing product ivi ty ( WH ITTAKER 1 9 5 3 ) . CLEMENT S ' 

( 1 9 1 6 ,  1 9 3 6 ) idea was tha t the b i o t ic commun i ty wa s an  integra ted 

superorgani sm ,  and that it deve loped through a succe s s ion to a 

s ingle end poin t ,  the c l imat i c  c l imax . The b io t i c  react ion s 

cau se the succe s s ion , the p lants  and anima l s  o f  the p ionee.r s tage s 

a l ter the environme n t  and thu s f a�our a new s e t  o f  spe c ie s . Th i s  

proce s s  recurs unt i l  the c l imax i s  re ache d . Re trogre s s ion i s  

impo s s ib le i n  th i s  v i ew , unle s s  d i s turbanc e s  a s  f ire , gra z ing 

or eros ion occur . The succe s s ion cul imi n a te s in a s tab i l i z ed  

ecosys tem where max imum b i oma s s  and  symb i o t i c  func tions between 

organi sms are  ma inta ine d ( MARGALEF 1 9 6 3 ,  ODUM 1 9 6 9 ) . 

A c l imax is  the f in a l  o r  s tab l e  commun i ty in a suc ce s s iona l 

serie s , it i s  s e l f - p e rpetuat ing and in equ i l ibr ium w i th the 

phy s ic a l  and b iotic  e nvironment ( PH I LL I PS 1 9 3 4 - 1 9 3 5 ) . The c l i ­

max i s  re l a t ive ly s t ab le compared w i th t h e  succ e s s iona l s t age s 

tha t  led  up to it ,the change s in  the c l imax commun i ty are f l uc tua­

tions around a mean , whe reas change s dur ing suc c e s s ion are 

direct ional  ( WH I TTAK E R  1 9 7 5  a ) . 

CLEMENTS ' ( op . c it . ) monoc l imax hypothe s i s  sugg e s t s  tha t  with in 

a reg ion the re is o n l y  one end poin t  of the succe s s ion , and that 
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the commun i t i e s  o f  the reg ion wi l l  reach thi s c l imax s tage . 

The overa l l  de termining fac tor i s  the c l imat e . Ob s e rvations 

are nume rous o f  commun i t i e s  in  apparantly equ i l ib r i um ,  but 

not in the c l imax st age according to the monoc l imax theory . 

The s e  are regarded a s  excep t i on s  and a lot o f  

c l imax categor i e s  are propo sed : e . g .  sub- , d i s - , p r e - , pos t­

c l imax . The s e  commun i t ie s  are de termined by topogra f ic , edaph i c  

or  biotic  factor s . 

The idea in the po lyc l imax theory ( TANSLEY 1 9 3 9 )  i s  that many 

dif ferent c l imax commun i ti e s  may be recogn i z e d  in a g iven area , 

the se  c l imaxe s are contro l l e d  by soi l mo i s ture , nut r i ent s , an i ­

mal ac t ivity o r  o ther fac tor s . 

In the c l imax-pattern hypothe s i s  ( WH ITTAKER 1 9 5 3 ) i t  i s  empha­

si zed that the commun i t ie s  are adap ted to the who l e  set o f  

environmenta l  factor s , c l ima te , s o i l , f i re , wind and b iotic  

fac tor s . Thi s theory a l lows a continui ty o f  c l imax type s , 

vary ing gradual ly a l ong e nv ironme ntal  grad i en t s . The c l imax 

is con s idered to be a s teady - s ta t e  c ommun i ty w i th i t s  cons t i tuen t. 

populat ions in  dynamic balance with the e nv i ronme n t a l  grad ient s .  

1 . 3 .  P l ant succe s s ion s 

Some of  the gene r a l  stateme n t s  o f  suc ce s s iona l progre s s  have 

been traced through emp i r i c a l  inve s t igation s to d e t e c t  the ir 

genera l i ty .  From the extens ive l i terature on s e c ondary p lant 

succ e s s ions , only pape rs  treating commun i ty prope r t i e s  re lated 

to abundanc e s truc ture ( i . e .  spec i e s  r ichne s s , dive r s i ty , even­

ne s s , dominanc e ) ,  reproduc t ive s trateg ie s and s t ab i l i ty ,  w i l l 

be me ntioned i n  the fol lowing review . I n  the temp e r a te region , 

many e l aborations  on the theme are performed on s tage s in 

succ e s s iona l grad ients from o ld- f i e ld s  to dec iduous fore s t s  in 

the e a s tern reg ions of the New Wor ld . 

Dive r s ity 

Spec ie s  d ive r s ity inc rease s w i th succ e s s iona l s equenc e ( WH I TTAKER 
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1 9 6 5 , MONK 1 9 6 7 , BA Z ZAZ 1 9 7 5 , NICHOLSON & MONK 1 9 7 4 , 1 9 7 5 , 

MELLINGER & MC NAUGHTON 1 9 7 5 ) . WH ITTAKER s tudied c ommun i tie s 

in Gre at Smoky Mounta ins , Tenne s s e e . The age o f  the c ove fore s t s  

was 1 5 0 - 4 0 0  year s ( c l imax ) ( WH ITTAKE R 1 9 7 5  c ) . MONK made inve s t i - · 

gations on 1 6 2 dec iduou s fore s t  s tand s o f  d i f ferent  age in north 

centra l F lorida . NICHOLSON & MONK ' s  data r e f e r  to  5 1  s e r a l  commu­

n itie s  from z e ro to 2 0 0  years o f  age in  the Georg i a  P ie dmont , 

the te rminal  s t age bee ing a hardwood c ommun i ty . The more short­

range s tudy b y  MELLINGER & MC  NAUGHTON o n  forme r hay f i e lds in 

central New York , ranged from 4 to  3 6  year s a f t e r  abandonement . 

A s imilar t ime span ( 4 0  year s ) wa s covered by BAZ Z A Z ' s  inve s t i ­

gat ions o n  o ld - f ie l d s  in I l l ino i s , t h e  f in a l  s tage b e e ing a 

dec iduou s fore s t . 

The dive r s i ty deve lopment with age exh ib i t s  vary ing cour s e s  and 

time of max imum peaks in d i f f e r e n t  succ e s s io n s . S p e c ies-j ive r­

s i ty o f  va scular  p lant s trata and  ma j o r growth form group s 

increa s e  rap idly i n i t i a l l y  f o l low ing the ir e s t ab l i s hmen t , then 

increa se a t  a decreas ing rate such tha t dive r s i ty increments  

dur ing l a te suc ce s s ion are not s ign i f ican t . Richne s s  ( number of  

spec ie s )  tend s to inc r e a s e  inde f in i te ly with t ime wh i l e  informa­

tion content ( H ' = Shannons d ive r s i ty index ) tends to leve l o f f  

(NICHOLSON & MONK 1 9 7 4 , 1 9 7 5 ) . I n  many temperate  succe s s ions 

ending wi th a c l o s ed fore s t  canopy , p lant d iver s ity o f ten s t a -

bil i z e s  or decr e a s e s  in t h e  l a ter s tage s o f  succe s s io n s  

( MARGALEF 1 9 6 8 , LOUCKS 1 9 7 0 , AUCLA I R  & GOFF 1 9 7 1 , S HAFI & 

YARRANTON 1 9 7 3 , NICHOLSON & MONK 1 9 7 5 ,  WHI TTAKER 1 9 7 5  a ,  b ,  c ) . 

Maximum dive r s i ty appear s late in  the succe s s ion , o f te n  in the 

late shrub and early  tree s tage , but be fore the c anopy of the 

cl imax fore s t  has fu l ly c lo sed . Thi s pattern is common in borea l , 

mixed con i f erou s fore s t s  in  Onta rio ( P I ELOU 1 9 6 6 , S HAFI & 

YARRANTON op,c i t . ) , in  interme d i a te fore s t s  in the Great Lake 

D i s tr i c t  ( AUCLA I R  & GOFF 1 9 71 )  and in more southern dec iduous  

for e s t s  �HITTAK E R  1 9 7 5  tj, in  Brookhaven , New York . The  overa l l  

trend o f  monoton ic a l ly inc reas ing d ive r s i ty i s  interrupted by 

temporal oppo s i te trend s even in early succe s s iona l s tage s . A 
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dive r s ity peak o f ten o c cu r s  in the s tage whe n shrub s are invading , 

fol lowe d by a dec l ine whe n shrubs over top the herb s ( BAZ ZAZ 1 9 7 5 , 

N ICHOLSON & MONK 1 9 7 5 , T RAMER 1 9 7 5 , WHITTAKE R  1 9 7 5  c ) . 

Evenne s s  and dominanc e . 

The evenne s s  or equ i tab i l i ty undergoe s rapid inc r e a s e  in the 

ini t i a l  st age s of secondary succe s s ions , reache s an ear ly  peak 

and then s t ab i l i z e s  ( NI C HOLSON & MONK 1 9 7 4 ) . Howeve r ,  many 

author s have noted a s tr ong terminal  dec l ine , probab l y  due to 

monopol i s t ic tendenc ie s o f  one or mor e regiona l c l imax dominan t s  

�OUCKS 1 9 7 0 , AUCLA I R  & GOFF 1 9 7 1 , S HAFI & YARRANTON 1 9 7 3 ) . Th i s  

tendency i s  more pronounc e d  i n  northern par t s  o f  the temperate 

zone than in southe rn ( NI C HOLSON & MONK op . c it . ) . The ab solute 

and r e l a t ive dominance decreased in the c ommun i t i e s  dur ing the 

time span of 3 6  year s a f t e r  abandoneme n t  in  the succ e s s ional 

study o f  MELLINGER & MC NAUGHTON ( 1 9 7 5 ) . 

The many con trad ictory s ta teme n t s  and genera l i z a t ions on diver­

sity - succ e s s ion found in  t h e  l i terature a r e  n o t  surpr i s ing . 

The three commo n l y  u s e d  d ive r s i ty measur e s , number  o f  spec ie s , 

equ itab i l i ty and informat ion content ( Shannon ' s  index ) may be ­

have d i f ferent under c e r t a in cond itions  ( ODUM 1 9 6 9 ) . Data tha t  

span the ent ire succe s s ional  sequence a r e  rare , a n d  c r i t i c a l  

age s are o f t e n  repre s e n ted by min ima l numb e r s  o f  s amp l e s  

( SHAF I & YARRAN TON 1 9 7 3 , N I C HOLSON & MONK 1 9 7 4 ) , thus samp l e ­

dependen t  dive r s i ty ind i c e s  be ing cons iderab l y  i n f luenced 

mu RLBERT 1 9 7 1 ) . I n  many ca se s ,  succe s s iona l y  unre l a ted s ite s 

are invo l ved : i . e .  data f rom f lor i s t ic a l ly d i f ferent  are a s  and 

varying s ite typ e s  are poo l e d  ( N I CHOLSON & MONK op . c i t . ) .  

Reproduc t ive s trateg ie s 

Low- s a turated , short- l ived , herbaceous p l ant s dominate early  

suc ce s s iona l commun i t ie s , wh i l e  ta l l , l o ng - l ived , woody p l an t s  

dominate l ater succe s s ion a l  commun i t ie s  ( P I CKETT 1 9 7 6 ) . The 

spec ie s compo s i tion in a succ e s s iona l s e r i e s  i s  re l a ted to 

di f ferent s e l e c t ion s trategy hypothe s i s , r- and K- s e l ec tion 
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(MAC ARTHUR & WILSON 1 9 6 7 ,  SANDERS 1 9 6 8 , P IANKA 1 9 7 0 ) . I n  ear ly 

stage s ,  where the commun i t i e s  are phy s ica l ly contro l l e d , the 

select ion pre s sur e  is towards r - s trategy ( rapid deve lopment , 

h igh innate c apac i ty o f  inc r e a s e  in numb e r s , early  reproduc t ion , 

sma l l  body s i z e  and s ingle  reproduc t ion ) .  I n  l a ter  succe s s iona l 

stage s , w ith b io log ic a l ly accomodated commun i t ie s , s e l e c t ion 

is towards K - strategy ( s l ower deve lopme n t , grea ter comp e t i t ive 

ab i l i ty , de layed rep roduc t ion , large r body s i z e and repeated 

reproduct ion ) • 

In succe s s ion , the s equence o f  annu a l s  and b i enna l s , fol lowed 

by perenn ia l s  i s  evident . There is a gradu a l  change in con­

tr ibut ion of  morpho l og ic a l  type s , perenn i a l  monoc o t s , pe renn i a l  

herbaceou s  d i c ot s , perenn ia l  shrub d i c o t s  ( KE EVER 1 9 5 0 , BAZ ZAZ  

1 9 6 8 ,  DAYTON 1 9 7 5 , MELL INGER & MC NAUGHTON 1 9 7 5 ,  WHI TTAKER 1 9 7 5  c ) . 

Stab i l i ty 

Inc reas ing ecosy s tem s tab i l i ty i s  one o f  the ma j or f e a tures 

of suc ce s s ion , and a theme of cont inu ing controve r s i e s , o f  

wh ich some a r e  a t t ributed t o  the d ive r s i ty o f  s tab i l i ty-de f in i ­

tions . S tab i l i ty i s  the ab i l i ty of  a s y s tem to ma inta in or 

return to i t s  ground s tate o f ter  an externa l p e r tub a t ion 

. (MAC ARTHUR 1 9 5 5 ) . Another de f in i t ion : S t ab i l i ty is the per­

s i s tance o f  a s tab l e  s pe c ie s  comb inat ion through t ime ( MARGALEF 

1 9 6 8 ) . Al though few , some inve s t iga t ions  are carried out to 

te s t  the hypo the s i s . 

On the bas i s  o f  commu ni ty mode l s  and f ie l d  inve s t igat ions HORN 

( 1 9 7� ) conc luded tha t the dynamic s tab i l i ty dec r e a s e  w i th t ime 

in a fore s t  succe s s ion . I f  a late s tage i s  d i s turbe d , the re­

reneration mu s t  pas s through a long s e r i e s of change s be fore 

the late s tage is rega i ned . But when an e a r l y  shrub pha s e  · i s  

d i sturbed , a few yea r s  later the pha se  i s  ree s tab l i shed . In 

a fer t i l i zer pe rtub a t ion exper iment on o ld- f i e l d  commun i t i e s  

of 6 and 1 7  ye ar s , the e f f ec t s  o n  total n e t  aboveground produc ­
t iv i ty and spec ie s d i ve r s i ty were much mo re p ronounced on the 

Younge s t  stage ( MELLINGER & MC NAUGHTON 1 9 7 5 ) . Whe n contra s t ing 
th i s  inc re a s ing s t ab i l i ty trend with the f indings of  HORN ( op . c i t . ) , 
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the d i f ference in age o f  the succ e s s ional  s tage s and the magn itude 

and seve rene s s  of the pertub a t i on s mu s t  be  kept in  mind . 

1 . 4 .  B ird succe s s ion s . 

It i s  of ten a s sumed that b ir d s  and o ther anima l s  are large ly 

pa s s ive e leme n t s  in  p lant suc c e s s ions . Al l organi sms are , how­

ever , integr a l  part  of the e c o sy s tem , and the re  a r e  wel ldocumented 

cases where  vertebrate anima l s  h ave inf luenced and even controlled 

plant succe s s ion ( gr a z ing , d i sp e r s a l  o f  seeds ) . P robab ly the 

mo s t  important direct  e f fe c t  of b ir d s  on p l an t  succ e s s ions i s  

the d i sp e r s a l  and/or  des truc t ion o f  seeds , e spec i a l ly i n  the 

inte rme d i a te s tage s o f  succe s s ion ( JOHNSTON . & ODUM 1 9 5 6 , HAGAR 

1 9 6 0 ) . The s t ru c ture o f  the b ird commun i ty i s  known to be de­

pendent on the phy s iognom i c  s tructure of  the hab i t a t ( MAC ARTHUR & 

MAC ARTHUR 1 9 6 1 , KARR & ROT H 1 9 7 1 , WILLSON 1 9 7 4 ) . The p laht 

suc c e s s ion  thu s p rovide a gradu a l ly mo re comp lex hab itat for the 

bird commun i ty ,  the latter more or le s s  re f l e c t in g  the hetero­

gen i ty . 

In the temp e ra te reg ion , e s t imate s of  breeding b i rd communi t i e s · 

in suc ce s s iona l s tage s are nume rou s . The vary i ty o f  s i te type , 

origin , t imerange and geograp h i c a l  locat ion i s  cons iderab l e . 

Several  inve s t igations  are mad e in o ld f  i e l d  succe s s ion s with 

dec iduou s fore s t  c l imaxe s ( OD UM 1 9 5 0 , JOHN STON & ODUM 1 9 5 6 , 

Z IMMERMAN & TATSCHL 1 9 7 5 ) , in regions  with a con i f e rou s fore s t  

c l imax , the succe s s ions orig in a t ing a f ter  bur n ing o r  c lear­

f e l l ing ( HAGAR 1 9 6 0 , MART I N  1 9 6 0 , HAAPANEN 1 9 6 5 ) , on s trip-

mined land . c lo s ing up in a dec iduous fore s t  ( KARR 1 9 6 8 ) , in oak­

fore s t  succe s s ions , evo lving a f te r  abandonemen t  or  cutt ing 

( FERRY & F ROCHOT 1 9 7 0 , HOPE JON ES 1 9 7 2 ) , and in an oak-hornbe am 

suc c e s s ion f o l l owing a c l e a r f e l l ing ( GtOHAC I N S K I  1 9 7 2 ,  19 7 5 ) . 

Diver s i ty 

The genera l pattern o f  b ird s pe c ie s  d iver s i ty i s  increase through 

the suc ce s s iona l s tage s to the c l imax commun i ty ( HAAPANEN op . c i t . , 
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KARR op . c i t . , KRICHER 1 9 7 2 , HOPE JONES op . c i t . , GtOWAC INSKI 

op . c i t . , Z IMMERMAN & TATSCHL op . c it . , VAI SANEN & JARVINEN 

1 9 7 7 ,  a ,  b ,  DES  GRANGE S 1 9 8 0 ) . In mos t  o f  the s tudied bird 

succe s s ions , the  rate  of increme n t  is h igh in the i n i t i a l  

stage s and then l eve l i ng o f f  towards the mature fore s t . Some 

authors  repo r t  max imum d ive r s i ty in the terminal  s tage 

(JOHN STON & ODUM 1 9 5 6 , HAAPAN EN 1 9 6 5 ,  KARR 1 9 6 8 , HOPE JONES 

1 9 7 2 )  wh i l e  o the r s  have found the h ighe s t  d ive r s i ty in  younger 

fore s t  s tage s and a s l igh t dec l ine towards c l imax ( MARTIN 1 9 6 0 , 

FERRY & F ROCHOT 1 9 7 0 , GtOHAC INSKI  1 9 7 5 , Z IMMERMAN & TATSCHL 1 9 7 5 ) . 

Seve ral  s tud i e s  have reve a l ed a temperate d ive r s i ty-peak in  the 

shrub - s tage ( JOHN S TON & ODUM , MART I N , HAAPANEN , GtOWAC INSKI 

op . c it . ) . 

Evenne s s  

The equ i tab i l i ty o r  evenne s s  o f  the spe c ie s  a re o f ten  found to 

be h ighe s t  in the c l imax c ommun i ty ( JOHNSTON & ODUM 1 9 5 6 , 

HAAPANEN 1 9 6 5 ,  KARR 1 9 6 8 , HOPE JONES 1 9 7 2 , Z IMMERMAN & TATSCHL 

1 9 7 5 ) . The p i c ture is not c l e a r , howeve r , a s  there are reg i s tra­

ted equ i tab i l i ty decrements  in  t h e  medium s tage s ( JOHNSTON & 

ODUM , HAAPANEN , KARR op . c i t .) ,  temporal peak s in  the shrub - s tage 

µoHNSTON & ODUM op . c i t . ) o r  a dec reas ing equ i tab i l i ty throughout 

the s ucce s s ion a f te r  the shrub-pha se (GtOWAC I NS K I 1 9 7 5 ) . 

Dens i ty 

In the above r e f e rred s tud i e s , max imum den s ity o f  the b i rd 

commun i ty is reported for the terminal s tage o f  the sere , w i th 

two exc e p t ion s ( c . f .  JOHN S TON & ODUM 1 9 5 6 , HAAPANEN 1 9 6 5 ) . In  

some inve s t iga t i on s  the den s i ty ,  as d ive r s i ty and equ i tab i l i ty ,  

exhib i t s  an incre a s e  in  the s hrub - s tage , f o l l owed by a dec l ine 

( JOHN S TON & ODUM op . c i t . , HAAPANEN op . c i t . , FERRY & FROCHOT 

1 9 7 0 , Gtrn:l\C INSKI  1 9 7 5 ) . 

Body s i z e 

The hypothe s i s  o f  increa s ing ave rage body s i z e  dur ing the 

succ e s s ion if only partly  supported by exp l o r a t i on s . KARR 

( 1 9 6 8 )  found that the ave rage body we ight of the b i rds in the 
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fir s t  s tage o f  the suc c e s s ion wa s h igh ( 5 7 . 5  g ) , tha t  the 

we ight dropped in the second s tage ( 4 5 . 9  g )  and increased 

to the c l imax s tage ( 5 9 . 7  g ) . FERRY & FROCHOT ( 1 9 7 0 ) found 

that the me an s i z e of the breed ing b irds inc r e a s e d  w i th the 

age of the succe s s ion ,  but wa s max imum at the sub - c l imax 

stage . WILLSON ( 1 9 7 4 ) , howeve r , reports tha t the ave rage body 

we ight of a l l  ind iv idua l s  in the c ommun i t i e s  d i d  not change 

from the very early shrub s tage to fu l l  fore s t  ( 4 2 . 8 - 4 4 . 1  g ) . 

The b irds o f  the i n i t i a l  gra s s land s tage we re not icab l y  heavier 

( 6 5 g )  • 

2 .  STUDY AREA 

This inve s t iga tion is p e r formed in Nordre 0ye ren Nature Re serve , 

in the de l ta o f  the r iver G l arna ' s  i n l e t  to lake 0yeren ( F ig . 1 ) , 

( S 9 0 5 3 ' N  - 1 1 ° o 9 ' E ) , 2 5  km e a s t o f  O s lo . Thi s we t land i s  the 

bigge s t  S cand i navian lacus tr in e  d e l t a , and an important b ird 

migration loc a l i ty ( NORDERHAUG 1 9 7 3 ) , with importance to, b_�tan i c a l  

and hydrob io log ic s c ience s ( BOMAN 1 9 7 4 ) . I t  i s  s i tuated in the 

boreo-nemoral vegetation z one ( SJ0RS 1 9 6 7 ) . The a l ti tude i s  

1 0 1 . 3 4 m above s e a  leve l ( regu l a ted lake - l eve l i n  summe r ) . .  I n  the 

de lta the s o i l  i s  dominated by the s i l t  frac t i on ( 0 . 0 6 - 0 . 0 0 6  mm )  

by 5 0  % ,  f ine-grained s and ( 0 . 2 - 0 . 0 6 mm )  comp r i s e s  3 0  % and 2 0  % 

i s  f ine._gra ine d  s i l t  ( 0 . 0 0 6 - 0 . 0 0 2  mm )  or c l ay ( < 0 . 0 0 2  mm ) . The 

mean annual  prec i p i ta t i on in the d i s tr ic t  i s  abou t  7 5 0  mm and the 

mean annual  tempe rature i s  4 . 3 oc ( Garde rmoen ) .  The me an tempera­

ture for j un e - augu s t  is 1 4 . 6 0C ( Gardermoen ) .  

The shape and pos i t ion o f  the s tudy p l o t s  w i th i n  the area are pre­

sented in F ig .  1 and  o ther data in Tab le I .  The numb e r s  on  the 

plots are arranged along a succe s s iona l gradi e n t . 

Tab le I .  Data about the s tudy p lo t s  

Plot symb o l  I I I  I I I  IV 

Hab itat Mowed we t Shrub -grown Young O l d , mature 
me adow me adow Alnu s - fore s t  Alnu s - f  ore s t  

Age ( year s ) 1 1 0 3 5 1 ) > 7 0  

S i z e ( ha ) 3 2  1 1 . 5 1 2 .  5 8 . 5  

Mean he ight 2 )  ( m )  0 . 5  0 . 7  1 .  4 1 .  6 
T) Tre e  stand 
2 )  Above regu lated lake surf ace l eve l in summe r 
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Bec au s e  o f  the ver y  gen t l e  s lope o f  the we t -dry gradien t , 

and the homogen i ty o f  the so i l  cond i t ion s , the w i th i n ­

habita t homogen i ty in the p lo t s  i s  con s iderabl e .  

Plot I 

Th i s  p l o t  o f  3 2  ha i s  a wet hay meadow , gra z e d  or mowed for 

at lea s t  6 - 8  decade s , the two l a s t  dec ade s mowed . The l a s t  

year s par t s  o f  i t  have been irregu l a r l y  mowed , and some 

parts  are burned in  Apr i l  some year s , fer ti l i z e r  i s  added 

occa s iona l ly .  In s p i te o f  the s e  treatments  it ha s a remark­

ably· un i form na tural  veget ation . Fys iognomi c a l l y  it i s  

dominated b y  the gra s s s pe c i e s  Ca l amagro sti s cane s c e n s  and 

Agro s ti s  tenu i s . The s tudy p l o t  i s  sur rounde d b y  a swamp 

vege t a t ion bel t (Ecruisetum f l uv ia t i l e ) aga i n s t  the lake - s ide 

and by arable l and on the o ther . In the spring inund a t ion i t  

i s  regu lar l y  f looded . There  i s  a s l ight we t-dry grad ient 

within the p lo t .  The he ight range is  0 . 2 - 0 . 8  m above l ake 

sur face ( regu la ted summer l evel ) ,  the mean h e i gh t  i s  about 

0 . 5 m .  

Plot  I I  

Forme r l y  combined p a s ture and hay- f ield o f  1 1 . 5  ha , abandoned 

in the l a te s ix t i e s . The p lo t  i s  invaded by s hrub s pe c i e s  

bel ong ing to  t h e  genu s Sal ix , and Alnu s incana . T h e  he ight o f  

the shrub l ayer i s  1 . 5 - 3 . 0  m and i t  cover s abo u t  4 0  % o f  the 

sur face . The dom inat ing spec i e s  in the herb l ayer are 

Ca l amagro s t i s  cane s c ens , Agro s t i s  tenu i s  and Po te n t i l la 

erect a A cons id�rab l e  mo s s  layer with Po lytr icum commune 

is pre s en t . 

The p l o t  i s  surrounded on three s ide s by Alnu s - incana ­

fore s t s  or -border s  and on the fourth s ide by Equi s e tum 
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fluvia t i l e - svarnp in an open l agune . The he ight range above 

regulated surruner  wa ter - l eve l is 0 . 2 - 1 . 2 ,  the mean he ight i s  

0 . 7  m ,  the s lope o f  the grad ient i s  equa l t o  tha t o f  p lo t  I .  

The zona l pattern in ve getation , however , i s  more  pronounc ed 

than in the preceding p l o t . A wetter Ca l amaaro s t i s  c ane scen s ­

fac i e s  and a drier Aaro s t i s  tenu i s /Potent i l l a  e r e c t a - fac i e s  

ex ists . Th i s  d i f ference b e tween p l o t  I and I I  i s  probabl y  

caused b y  the he i ght-d i f ferenc e and the manageme n t . 

Plot I I I  

A young fore s t  o f  1 2 . 5  h a  domina ted b y  Alnu s incana , b e­

long ing to  the Alno ( incanae ) -Prune tum as soc i a t io n  ( K IELLAND­

LUND 1 9 7 1 1 . The fore s t  wa s gra z ed for decade s unt i l  the 

middle  o f  the f i ft i e s  and wa s c lear -cutted in 1 9 4 3 - 4 4 . In 

the pre s e n t  tree s tand h eight , �ge and d imen s ions  are rela­

tive l y  uni form , heights abo ut 1 1 - 1 2  m . The  shrub l ayer is  

relative l y  poo r l y  deve loped . The common s pec i e s  are S a l ix 

caprea , Prunu s padu s , Rhamnu s frangu l a  and Sambucu s racemo sa . 

This  fore s t  h a s  a den s e  and l uxur iant herb layer domina ted 

by the fern Athyr ium f i l ix- femina . 

The p l o t  i s  ad j acent to p lot  I I  on one s ide , border s an open 

meadow on the se cond and the r iver on the thi rd . The mean 

height of the p l o t  is 1 . 4  m above lake sur fac e , the upper 

and lower l im i t s  be ing 1 . 7 m and 1 . 2 m re spe c t ive l y . Thi s 

plot i s  occas iona l ly f looded in the spring , l a s t  t ime in  

1 9 6 7 , and the d e po s i t s  of  the s u s pended load in  the r iver 

a f fec t the spec i e s  compo s i t ion  in the herb and mo s s  layer . 

Plot IV 

An o ld fore s t  o f  8 . 5 ha , the same phyto so s io lo g i c  a s s o c ia -
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tion a s  tha t o f  the prec edin g  p l o t . The fore s t  ha s been 

sub j ec ted to  r e s tr icted s e l e c tion f e l l ing for f ir e -wood 

purpo s e s  up to  WW I I . Airpho to s  from 1 9 4 7  show tha t abo u t  

10  % o f  the for e s t  s t and had low , den s e  regrowth in sma l l  

patche s . 

S ince 1 9 4 5  no mana gemen t ha s been carr ied out . The o lde s t  

Alnu s inc ana- tre e s  are about 5 0  year s . The height o f  the 

stand is 1 3 - 1 4  m .  The fore s t  i s  s tr u c t ur a l ly very hete rogen , 

with a den s e  tre and s hrub layer . The shrub s pe c i e s  are 

ma inly Prunus padus ,  Sarnbucus  racemo s a , Sa l ix caprea and 

Rhamnus frangula , men t ioned in  f a l l ing  abundance s eque nc e � � 

The herb layer i s  poo r l y  deve loped compared to plot  I I I , the 

domina ting spec i e s  are Athyr ium f i l ix - f emina and Dryopteris 

carthus iana . 

Cons ider ing the s truc ture o f  the fore s t  and the phy s i o logic  

life- span and gene r ation turnover in Alnus incana , the  plot  

i s  in a c l imax s tage , o r  at  lea s t a sub c l imax . 

On two s ide s the p l o t  i s  surrounded by younger Alnus incana ­

s tands , par t l y  mingled with Betu l a  pub e sc en s/verruco sa 

trees .  The o ther s ide s a r e  border ing the r iver . The he ight 

interval  o f  the p l o t  is 1 . 2 - 1 . 9 ,  mean he ight 1 . 6  m above 

river/lake sur face . As the precedent p l o t , it i s  occa s iona l ly 

flooded . 

Suc c e s s iona l connec t ion s b e twee n  plo ts 

The succe s s ion pa ttern and s equence is in terpreted o n  the 

ba s i s  o f  h i s tor i c a l  recording s ,  air  pho to graphs ( 1 9 3 7 , 1 9 4 7  
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and 1 9 5 6 ) and vegeta t ion mapp ing (VALL��D 1 9 7 8 } . The ma in 

d i f ference s b e tween the plots  are cau s ed by d i f ferent manage­

ment reg ime s or t ime interva l s  f rom abandonemen t . As  in plot 

I and I I , the t ime - fac to r  in  plot III  and IV i s  i so l a ted . 

The d i f ferenc e s  in soi l humid ity due to he ight d i f ferenc e s  

between p l o t  I/I I and I I I/IV ,  a r e  probabl y  no t o f  cons ider­

abl e  magn i tude to the  que s t io n  o f  potential  c l imax a s so c i ­

ation on p l o t  I and I I . E l s ewhere in the de l ta , t h e  Alno ­

( inc anae ) -Prunetum a s so c iation  i s  pre s en t  o n  s im i l ar he ight 

level s . 

Ther e i s  a d i s continu i ty i n  the succe s s ion b e twee n p l o t  I I  
and I I I , s ince the latter ha s devel oped re c e n t l y  from c lear­

cutting ( sucker -org ina ted tre e s tand } and no t abandoned 

pa s ture or  hay f i e l d  ( seed-orginated �ree s tand ) . On an_ air  

pho to from 1 9 3 7  p l o t  I I I  i s  a fore s t , but the  o r ig in , a� 2 
or height i s  inde terminabl e o n  . the p�oto . The pres ent 

stand is now a s tage in  a s econdary suc ce s s ion f o l lowing 

clearcutting o f  an Alno - ( incanae ) - Prune tum- fore s t . The 

flor i s t i c  compo s i s t ion  o f  p lo t  I I I  could be d i f ferent i f  the 

fore s t  o r i g ina ted from a former pa s tur e/hay f i e ld , a rela­

tiv e l y  hi gher proportion of  S a l ix- spec i e s  in  the tree layer 

would be expec ted . The herb and mo s s  layer are a s s umed to b e  

le s s  a f fec ted , s ince t h e  spec ie s in the s e  l ay e r s  a r e  i n  the 

shade- to lerant group . The impo r tance of the d i s co n t inu i ty on 

the bird hab i ta t  deve l o pmen t  through suc c e s s io n  i s  a s sumed 

to be minor , s ince the b ird pr imar i l y  r e s pond to the s truc ­

ture and no t the spec i e s  in  the hab i ta t . 
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In order to i nve s tigate the spec i e s  compo s i t ion and the 

abundanc e of the spec i e s  i n  the connnun i t ie s , a s ys tema tic  or 

regular s amp l ing techn i que wa s employed . The gr id s y s tem of 

the bird mapping was u s ed to loc a t e  the quadr a t s . The tran­

sec t l i ne s ,  where  the quadra t s  wer e  sampl ed , wer e c ho s en a t  

random . Every 2 5  m a quadra t o f  2 m x 1 m s i ze wa s sampled . 

About 3 0  quad r a t s  ( 2 5 in  p l o t  I and 3 2  in p l o t  I I I )  were 

samp led in  each s tudy p l o t . In each quadr a t  the cover va lue s 

o f  the re spec t ive s pe c i e s  wer e recorded . Cover i s  the pro� 

portion ( in perc en t }  of the ground occup ied by a perpend i ­

cular pro j ec tion o f  the aer i a l  par t s  o f  the i nd ividua l s  o f  

the spec i e s  under cons idera t ion ( GRE I G -SMITH 1 9 6 4 ) . 

To avo id s ummar i z ing d i f f i cu l ti e s , a l inear sc a l e  wa s u s ed , 

from 1 to 1 0 0  % cover . For s pec i e s  w i th low c ov e r  va lues  

(< l % )  , add i t iona l informa t ions  a s  le  ( common ) , ls  ( spar s e ) 

and lr  ( rare ) wer e recorded . Thi s subd iv i s ion wa s no t used 

in any quan t i t a t ive c a lcu l a t io n s . The mo s s  spec i e s  were 

collected for l a ter spec ie s ind e n t i f  ication  under mikr o ­

scope . T h e  cover va lue s and heights o f  the ma i n  vegeta tion 

layer s wer e  recorded , ground (mo s s ) ,  f i e l d  ( herb ) , s hrub 

k 4 . 5 m)  and tree layer r e s pe c t ive l y . 

The f i e ld work wa s done mo s t l y  in  Augu s t  and S ep t ember , the 

Plant s  cover and bioma s s  wer e f a i r ly stab l e  thr oughou t  the 

Per iod from J u l y . The nome nc l a ture o f  the hepa t i c a e  mo s s e s  
fo l low ARNEL L  ( 1 9 5 6 ) , the mu s c i  fo l low NYHOLM ( 1 9 5 4 - 1 9 6 9 ) . 

The no ta t ion o f  the va scular taxa i s  in ac cordanc e  w i t h  LI D 
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( 1 9 7 4 } . I n  the vege ta tion tabl e s , the spec ie s a r e  arranged 

in growth form s equenc e s , mo s s e s , herbs and shrub s /tr ee s , the 

consec u t ive order wi thin the s e  group s fo l lows ARNELL ( 1 9 5 6 ) , 

NYHOLM ( 1 9 5 4 - 1 9 6 9 1  and L I D  ( 1 9 7 4 1 . The quadrat number s e ­

quenc e in the tabl e s  is  arr anged in the samp l i n g  ord e r . 

Randomi z ed and systemat i c  s amp l ing are equa l ly o b j e c t ive 

( DAUBENMIRE 1 9 6 8 I . As  he po i n t s  out , the o n l y  d i s advantage 

in systema t i c  sampl ing s eems to be  the l ikel ihood of error 

if the vegeta tion show some s p a t i a l  _ _  per iod ic i ty . P a tterns 

of regu l ar per iod ic i ty wer e ,  however , no t dete c t a b l e  in the 

habita t s  s tudied her e . P lant popu l a t ions  depart more  or l e s s 

from randomne s s , tend ing to b e  c lumped or contag ious ly 

d i s tr ibuted ( GRE I G-SMITH 1 9 6 4 ) . A gr id of regu l ar ly  d i s ­

tr ibuted s amp l e s  acro s s  the vegetation tend to g ive a better 

var iation e s tima te than do r andom i z ed s amp l e s  (MUELL ER­

DOMBO I S  & ELLENBERG 1 9 7 4 ) . The s y s tema t i c  sam p l ing techn i que  

is convenient when the a im o f  t h e  i nve s tigation is  t o  de ­

termine the ave rage compo s i t ion and s tr uc ture o f  a s tand 

( DAUBENMI RE 1 9 6 8 ) . The cover va l u e  parame ter wa s pre f erred 

due to the d i f f i cu l t ie s  o f  coun ting ind ividua l s  i n  plant 

popul a t ions , the ind ividual conc e p t  may be somewhat  more 

inde f in i te in p l an t s  than i n  a n ima l s . Cover a s  a qua n t i ­

tative mea sur e , ha s t h e  advanta ge _ t ha t  a l l  p lant l i f e  

forms , from mo s s e s  to tr ee s , can be eva lua ted b y  the same  

par ameter and are thus compar abl e ( MUELLER-DOMBO I S  & ELLENBERG 

1 97 4 ) . Cover e s t imate s ar e o f  greater ecolog ica l s igni f i ­

c ance than den s i ty ,  becau s e  c over g ives  a c l o ser mea sure o f  

Pl a nt bioma s s  than doe s  the number o f  ind ividua l s  ( DAUBEN­

MIRE 1 9 6 8 )  . 



- 3 2  -

For ob ta ining the sma l l e s t  s amp l e  area with a max imum 

number of spe c i e s  of a commun i ty , the spec i e s -area curve 

is the be s t  too l � 

The minimum- area idea i s  p r ima r i l y  connec ted to the 

. homogen i ty-consept  of European phytosoc iologic s tud i e s  

where the quadrat number s genera l ly a r e  few and the quadrat 

s i te s are sub j e c t ive l y  s e l ected ( KERS HAW 1 9 7 3 , MUELLER­

DOMBOIS  & ELLENBERG 1 9 7 4 ) . S in c e  the a im and me thod s o f  

thi s  inve s t ig a t ions are n o t  c la s s i c a l  soc io logic , spec i a l  

pre- inve s t iga t ion'  were n o t  performed t o  e s t imate the 

min imum quadrat s i z e . The spec i e s - area curve cannot de f ine 

the samp l e  s i ze needed for accurate e s t ima t ion of spec ie s 

dens i ty or cover ( MUELLER-DOMB O I S  & ELLENBERG 1 9 7 4 ) . As 

they pointed out the re are two typ e s  of s amp l e  quadra t s , 

the large min ima l  area quadra t , u s ed f o r  samp l ing a repre­

sentat ive spec ie s compo s it ion in  reccur ing p l ant a s semb lage s , 

and the sma l l  quadra t , s i z e -determined by he ight and spac ing 

of spec ie s ind ividua l s  u s ed for quan t i ta t ive ana ly s i s  of 

ind iv idua l s  or cover per spec i e s . 

The quadra t s i z e  f o r  the f i e ld lay e r  in the pre s e n t  inve s t i ­

gat ion fol lows N ICHOLSON & MONK ' s  ( 1 9 7 4 , 1 9 7 5 )  and BA Z ZAZ ' s  

( 1 9 7 5 ) s tud i e s  o f  secondary p lant suc c e s s ions . The ir shrub 

and tree laye r quadrat s i z e o f  1 6  m2 and 1 0 0 m2 respect ive ly 

wa s  cons idere� unne c e s sary for the pu rpo s e  of th i s  s tudy . 

They counted numbe r  o f  ind ividua l s  o f  the spec i e s , i . e .  

dens ity , wh i l e  th i s  s tudy u s e  the c ove r va lue parame ter . 

T he la tter i s  a s sumed to be le s s  a f f e c ted by samp l e  s i z e  

than dens i ty , due to the spa t i a l  extens ivity of  the c rown 

fo l i age o f  the shrub and tree ind iv idua l s . 



- 3 3  -

3 . 1 . 2 .  Calcu l a t ion s  

Spec ie s indic e s  

The cons tancy , c ,  i s  the proportion , in percent , o f  the quadra t s  

where a certain spe c i e s  occur s . 

The average cove r va l u e , CV , in percent , i s  the sum c over value s 

of a certain spec i e s  in  a l l  quadrats  in  the p lo t  d iv ided by 

the number of quadr a t s . 

The cover proport ion , C P , in percent , i s  the sum c over value s 

of a spec ie s in  a l l  quadrats d ivided by the total sum o f  cover 

va lue s of a l l  spec ie s i n  the p l ot . Th i s  index is cons idered 

to be an e s t ima te of  the f o l iage proport ion of a spe c ies or 

a n  approx ima t i on of the  proport ion of the total photo synth e t i c  

b ioma s s  in the p l o t . 

Commun i ty ind i c e s  

L i f e  forms and s trata c ove r . The c over e s t imate s o f  the 

ma j or l i fe form s  according to BEARD ( 1 9 7 8 ) and cover e s t imate s 

o f  dif ferent vegetat ion layers we re c a l cu l a ted . 

Flor i s tic diver s i ty 

The spec ie s /area curve i s  o f  intere s t  because  i t  ind i c ate s 

an important communi ty property , the spec ie s d ive r s ity in 

re lation to inc rea s ing s i z e of area ( MUELLER-DOMB O I S  & 

ELLENBERG 1 9 7 4 ) . Spe c i e s -area curve s are  mo s t  u s e fu l  in 

comparing diver s i t ie s  b e twe en hab i t a t s  or b e twe en samp le s 

of d i f ferent s i z e . C l a s s ic a l  dive r s i ty mea sure s compare 

dive r s i ty based on a s in g l e  samp l e  s i z e , whe r e a s  spec i e s - area 
curve s permit the comp a r i son of the e ntire d i s t r ibu t ion 
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of the spec ie s numb e r  with area . Spec i e s -area curve s can 

also be  u sed to " f ac tor out " the e f fe c t  of area on d iver s i ­

ty , so  tha t  the e f f e c t s  o f  o ther va riab l e s  on spec ies  

number  can be determ in e d  ( CONNOR & MC COY 1 9 7 9 ) . GLEASON 

( 1 9  2 2 ) suggested tha t  the s p ec i e s -area re l a t ion ship i s  ex-

ponen t i a l : S = log k + z l og A 

( a  spec ie s / log area regre s s ion mode l )  where S i s  the num­

ber of spec i e s , log k i s  the intercept , z i s  the s lope and 

A i s  the area . Th i s  spec i e s / log  area mod e l  i s  commonly 

emp loyed in botan i c a l  s tudi e s  ( CONNOR & MC COY op . c it . ) , 

and has an  advantage s in c e  i t  perm i t s  the u s e  o f  the s ta ­

ti s t i c a l  techn ique s o f  l inear regre s s ion . Compari son s 

b etwe en two o r  more b ivar iate  d i s t r ibutions  o f  spec ies  

number and area , are mo s t  adequa tely performed b y  regre s s ion 

ana ly s i s  ( CONNOR & MC COY 1 9 7 9 ) . 

To obtain  spec i e s -area curve s in  the pre s e n t  s tudy , the 

cumu l a t ive number  of spec i e s  wa s coun ted per added quadra t . 

S ince the quadra t - s equence in the tab l e s  wa s a rranged in 

samp l ing numb e r  order , the quadrats we re not independent . 

The presupp:isition o f  independent var iab l e s  for  the s ta t i s ­

tical  treatment wou l d  n o t  b e  ob l iged . T o  me e t  th i s  require­

men t ,  the sequenc e _ o f  quadr a t s  wa s randomi z ed ( c . f . P I ELOU 

1 9 6 6 ) . Due to the d i f f erenc e s  between quadra t s  in spec i e s  

number , the curve o f  spec i e s  on quadratnumb e r  i s  c on s ider­

ab ly  a f fected by the s equenc e and exh ib i t  p l a t eau cour se s . 

To obtain  a smooth cour s e  and reduc e the variance , the 

cumu l a t ive number  of spec i e s  per added quadrat wa s counted 

in 5 randomi z a t ion s and the curve s we re  b a s ed - on the me an . 

In e s t ima t ing the regre s s ion l ine o f  cumu l a t ive number of  
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spec i e s  on log numb e r  o f  _ ·quadrat s  ( na tur a l  loga r i thm )  

the number o f  spec i e s  on the f i r s t  quadrat wa s de l e ted . 

F l o ri s tic  d iver s i ty · index ( FD )  
Th i s  index i s  the regre s s ion coe f f  i s ient  ( FD = b 1 = s l ope ) 

in the s imp le l inear regr e s s ion o f  numb e r  o f  spec ie s ( y )  

on log number o f  quadr a t s  ( x )  

y = b 0 + b 1 • x 

whe re b 0 i s  the numbe r  o f  spec i e s  on one quadra t . Th i s  

index i s  c a l c u l a ted for a l l  p lant spec i e s  and va scu l a r  

plan t s  respec t ive ly .  Compar i s on s  o f  f lo r i s ti c  diver s i ty 

b e tween pl o t s  are performed by te s t ing hypo the s i s  o f  the 

s lope , b
1

, by s imp l e  l inear regre s s ion techn ique s . 

P lant spec ies cover propo r t ion d iver s i ty (PPci 

(MAC ARTHUR & MAC ARTHUR 1 9 6 1 ) . Th i s  index i s  calculated 
I 

with Shannon' s formu l a , H = -L:pi  ln  pi , p i  r e f e r s  to the total  

leaf cover va lue o f  the  i ' th spec ie s , exp r e s sed a s  a pro­

po rtion of the total l e a f  cove r  value of a l l  spec i e s , i . e .  

the cover propo r t ion o f  the i ' th spec ie s . 

Plant spec ie s  evenne s s ( PJ 1 

( TRAME R 1 9 6 9 , P I ELOU 1 9 7 5 ) . Th i s  index i s  a measure of  the 

equ itab i l i ty component of spec ie s d ive r s i ty and henc e an 

index of the dominanc e s t ructure in the commun i ty . PJ ' = 

PPD / l n  S whe re PPD i s  the p l an t  spe c i e s  cover propo rtion 

dive r s i ty and S the tot a l  number  o f  spec ie s in the samp l ed 

quadra t s . 
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P lant spec ie s  ·domirtartc e · ( PD ) 

( MC NAUGHTON 1 9 6 7 )  

Th i s  index i s  the cover proport ion o f  the two mos t  abundan t 

spec ie s ( CP 1 + c P2 ) ,  mea s ured a s  the total  cove r va lue o f  

the s e  spec i e s  i n  a l l  quadrats  d ivided b y  t h e  tot a l  cover 

value of a l l  spec i e s . 

Succe s s ion rate 

Numb e r s  of  me thods for compar ing commun i t i e s  are ava i l ab le ,  

ba sed on qua l i ta t ive or  quant i ta t ive data  ( HORN 1 9 6 6 , SOUTH­

WOOD 1 9 6 6 , MUELLER-DOMB O I S  & ELLENBERG 1 9 7 4 ) .  

Spec ies turnove r ( S TJ )  

Thi s  index i s  der ived from Jaccard ' s  s imi l a r i ty formu l a  

( SOUTHWOOD 1 9 6 6 ) a n d  is  a qua l itative i n d e x  ba s ed o n  pre­

senc e and ab s ence o f  spec i e s  . . . 

STJ = 1 0 0 
- t o o · .  c 

a + b + c  

The notation a and b a r e  the number o f  spec i e s  present 

exc lus ive ly e i ther in commun i ty A or  B ,  r e s pe c t ive ly . 

The spec i e s  number  p re s e n t  in both i s  denoted c .  When  

the spec i e s  turnove r is  sma l l , the  index is  c lo s e  to 1 0 0 . 

Commun i ty turnove r ( CTH ' ) 

Th i s  index i s  quan t i t a t ive and based on Shannon ' s  diver s i ty 

index , H ' , (MAC ARTHUR e t . a l . 1 9 6 6 , CODY 1 9 7 0 , Gl.OHAC INS K I  
& JARVINEN 1 9 7 5 ) .  T h e  index mea sures the d i f ference between 

the H ' -value of the comb ined commu n i ty ( H ' A+B ) and the 

average of the two commun i t i e s  con s idered s eparately . 

CTH ' = 1 0 0 H '  - . A B (. H 1 . + fl ' . ) 
A+B 2 
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To obtain e s t imat e s  o f  succe s s ion rate s ,  the turnove r­

ind i c e s  a r e  d ivided b y  the suc c e s s ion t ime ( in year s ) . 

The rates are denoted S RJ and s111 1 re s p e c t ive ly . 

3 . 2 .  Hab itat  s truc ture 

3 . 2 . 1 .  S amp l ing 

Some a spec t s  of the hab itat  s truc ture were  e s t imated 

through the vege tation analy s i s  ( the  s y s tema t i c  quadrat­

samp l ing ) ,  e . g .  cover and he igh t  of vegetat ion s trata . 

To ob tain e s t ima t e s  o f  other s truc ture parameters  in  the 

habitats  ( e . g .  heteroge n i ty , den s i ty , spa t i a l  d i s t r ibut ions 

and fo l iage profi l e s ) ,  add i t iona l s amp l ing wa s requ ired . 

The vertical  fol iage den s ity i s  by s everal previou s 

authors cal led cover ( MAC ARTHUR & MAC ARTHUR 1 9 6 1 , KARR 

1 9 6 8 ,  KARR & ROTH 1 9 7 1 , R0V 1 9 7 5 ) .  b u t  in th i s  

study vege ta t ion param� ters  e s t ima ted b y  the fol lowing 

method are denoted den s i ty to d i s t ingu i sh them f rom the 

hori zontal cove r value e s t ima tes  r e s u l t ing from the quadrat 

sampl ing . The vege t a t ion den s i ty samp l ing para l le led the 

quadrat samp l ing , u s ing the grid sy s tem of the b ird t e r r i ­

tory mapp ing , t h e  l ine tran s e c t s  cho s en a t  random . A t  

point s , 2 m apar t , t h e  presenc e o f  veg e t a t ion wa s recorded 

continua l ly in the ver t i c a l  p lane , w i thou t any prede ter­

mined interva l s . The  pre sence o f  veget a t ion wa s e s t imated 

by coun t ing fol i ag e  contac t s  with a 6 m long ver t i c a l  s t ick 

or ind irec t " touc he s " with i t s  imag ina l e longat ion . The 

he ight above ground leve l  was noted a s  we l l  as the spec ie s 
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for each contac t .  The numb e r  o f  samp l e  poin t s  r ange 

from about 3 4 0  to 3 9 0  in each p l o t . 

EMLEN ( 1 9 6 7 )  p ropo sed a method o f  me asuring p r e s ence -

ab sence o f  vege tational l ay e r s  by u s e  o f  s imp l e  o p t ima l 

in s t rume n t s , f rom wh ich  the pre s en t  method i s  der ived . 

MAC ARTHUR & HORN ( 1 9 6 9 )  de s c r ibed a s im i l a r  me thod a s  

EMLEN ( op . c i t . ) f o r  e s t im a t in g  ver t i c a l  f o l iage p ro f i le s , 

they deve loped the method for  u s e  o f  s omewhat mor e  r e f ined 

ins trumen t s . Method s with mor e  or l e s s  corre s ponding 

techniqu e s  to the pre s e n t  have been emp loyed in s eve ral . _. 

b ird-hab i ta t  s tud i e s  ( KARR 1 9 6 8 , KARR & ROTH 1 9 7 1 , R0V 

1 9 7 5 ) .  

3 . 2 . 2 .  C a l c u l a t ions 

The data c o l lected have been  s tr at i f ied in d i f f e re n t  

he ight interval s t o  con s t ruc t ve� t i c a l  fo l iage p ro f i l e s  

and d i f f erent hab itat  den s i ty and heterogen i ty indic e s . 

Due to the d i f f e rent number  o f  s amp l e  po i n t s  in the four 

p lot s , the ver t i c a l  f o l iage prof i l e s  are c a l c u l a ted per 

1 0 0 samp l e  po ints , to do the p l o t- e s t imat e s  comparab l e . 

When c a l c u l a ting the d i f f e re n t  vege tat ion den s i ty and 

d iver s ity ind ic e s , the numb e r  of samp le po i n t s  w i th fol iage 

con tac t s  within a he ight interva l , is counted . The ind i c e s  

are thu s a mea s ure o f  pr e s ence  or ab sence o f  fo l iage i n  

particular he ight s trata . T h e  vegetat ion dens i ty o f  a 

stratum i s  thu s the numb e r  o f  s amp l e  po in t s  w i th pre s ence 

o f  leave s or branche s d iv ided by the tota l . numbe r of  samp l ed 

poin t s . 
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Fo l iage he igh t d ive r s i ty ( FHD ) 

(MAC ARTHUR & MAC ARTHUR 1 9 6 1 ) .  Shannon ' s  dive r s i ty index , 

H ' = - L p i  ln  p i , i s  u s e d  where p i  i s  e s t ima ted by the i ' th 

layer ' s  propo r t ion o f  the to ta l vege t a t ion , p i  = n i /N where 

ni  i s  the number of  points  with f o l iage contac t s  in the  i ' th 

layer and N i s  the t o t a l  number o f  s amp le p o i n t s  with f o l iage 

conta c t s  in a l l  layer s . The f o l l owing he ight interva l s  are 

used : 0 - 0 . 6  m ,  0 . 6 - 6 . 0  m and > 6 . 0  m .  

Vege tation s trata dive rsi ty I ( VS D  I )  
( R0V 1 9 7 5 ) . Shannon ' s  d i ve r s ity index , H ' , c a l cu l a ted a s  the 

preceding index , but w i th f o l lowing laye r s : a )  Herb l aye r , 

with a l l  non-woody p l a n t s  above ground layer ( mo s se s  and l ichens 

exc luded ) .  b )  Shrub l ay e r ,  w i th a l l  woody p l a n t s  growing le s s  

than 3 m above ground _ l eve l . c )  Tree l aye r , w i th a l l  woody 

plan t s  above 3 m .  

Vegetation s trata diversity I I  ( VS D  I I ) 
Shannon ' s  dive r s i ty index , H ' , c a l c u l a t e d  wher e  p i  i s  the 

number of samp le  p o in t s  w i th fol iage conta c t s  in the i ' th l ayer 

divided by the tot a l  numb e r  o f  samp l e  p o in t s  analysed . The 

layers  are ide n t i c a l  w i th the laye r s  in VSD I .  Th i s  is not a 

pure ly ver t i c a l  s tr a t i f i c a t ion index a s  the two preced ing 

ind ice s ,  s inc e it tak e s  into account the vege tation de n s i ty 

in the hor i z ontal  p l an e . 

Vege tation density index ( VD ) 
(KARR & ROTH 1 9 7 1 ) .  Thi s index i s  de f ine d a s  the sum of  

dens i ty e s t imate s for indiv idua l ve r t i c a l  veg e t a t ion laye r s . 

VD = L p i , whe re p i  i s  the number o f  s amp le p o ints  with f o l iage 

contac t s  in the i ' th layer d iv ided by the tot a l  number of samp l e  

Points . The ve ge t a t ion laye r s  a r e  the s ame a s  i n  the vege tat ion 

strata dive r s i ty ind ic e s  ( VSD ) . 

�ge tation cove r index ( VC )  
Thi s index i s  the sum o f  the me an cover va l ue s for the ve ge ta­
tion laye r s  in the three precede n t  ind ic e s . VC = L pi where p i  
i s the me an hor i z o n t a l  pro j ected cove r va lue o f  a l l  the p l ants 

grow ing in the i ' th l ayer . The index is  b a s e d  on cove r e s t ima te s 
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3 . 3 B i rd commun i t ie s  

3 . 3 . 1  Compo s i tion 

The popu l a t ion dens i ti e s  of  the b ird spe c i e s  were deter­

mined by  the  terr i tory mapping me thod ( ENEMAR 1 9 5 9 ) . The 

field work and te rri tory eva luat ion pro sedure were p e r formed 

large ly according to the recommandat ions  of the I nternational 

Bird Cencus Committee  ( SVENS S ON 1 9 7 0 ) . The  s tudy p l o t s  were 

d ivided into a gr id s y s tem w i th square s o f  d i f f e rent s i z e . 

Plot I had 1 0 0 x 1 0 0 m square s ,  in p l o t  I I  through I V  the 

squa r e s  mea sured 5 0  x 5 0  m .  In p lot I I I  and IV , the grid 

coord inate s were marked by a p l a te with a coord inate code . 

Add i t iona l l y , a long one o f  the ax i s  in p lo t  I I I  and I V  

( survey route ) e v e r y  2 5  m wa s marked , d u e  to the dens e 

vegeta tion . Al l coordina t e s  in p lo t  I I , I I I  and IV we re . .  , 

marked by crepe pape r . The s c a l e  o f  the v i s i t map s wa s 

1 : 5 0 0 0  in p lo t  I ,  1 : 1 6 6 7  in  p lo t  I I  and 1 : 1 0 0 0  i n  p l o t  I I I  

and IV . 

Since s trong wind , r a in f a l l  and low temperature s are con­

sidered t o  have bad imp a c t  on t h e  mapping e f f ic iency 

(ENEMAR 1 9 5 9 ,  JOENSEN 1 9 6 5 ,  HOGSTAD 1 9 6 7 ) , c e n su s e s  were 

not performed under such weather cond i t i on s . In a f ew c a s e s  

a s l ight ra in shower p a s s e d  the p lo t  dur ing t h e  c e n s u s . 

The tot a l  number of  v i s i t s  in the p l o t s  we r e  1 0 - 1 2 each 

year . The song act ivity reache s a peak a f te r  sunr i se 

( ROGSTAD 1 9 6 7 ) , consequently the ma j o r i ty o f  censu s e s  were 

carr ied out in the mo rning s . But due to the d i f ferent d iur­

nal song ac t ivi ty peaks of the spec i e s , about 4 0  % of the 

censu s e s  we re done in the eve n ing s . The t ime interval when 

mo s t  o f  the morn ing and even ing censu s e s  we re performed and 

the mean cencu s time duration are pre s e n ted in Tab l e  I I . On 
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average , the evening cen s u s e s  are made f a s ter  than in 

the mornings in the fore s t  hab i t at s . The evening durat ion 

is on ly 7 7  % of the mo rn ing dura t ion , no d i f ference ex i s t  

i n  the open hab itats . 

Tab le I I . The span o f  c e n su s e s  and mean census duration ( min . ) 

P l o t . 

Mo rning 

Mean t ime , min . 

Even ing 

Mean t ime ,. · .min • .  " . 

. . · I 
. 

0 5 3 0 - 0 9 0 0  

8 6  

1 7 0 0 - 2 0 0 0  

. 8
6 

. . .  

· · I I · · 

0 4 3 0 - 0 7 3 0  
. . . 9 6  . 

1 7 0 0 - 2 0 0 0  
. . - . 9 6  . .

. 
- . 

. . 
I I I  . . ' IV 

· 0 3 0 0 - 0 1 0 0  . 0 3 0 0 - 0 7 3 0  

' 1 5 6  . . . . . .  1 7 7  . 

· 1 8 0 0 - 2 0 3 0  1 8 0 0 - 2 1 0 0  
. 1 2 6 . 1 2Ji 

The census  were c a r r i ed out dur ing the p e r iod 1 2 . 5 - 2 1 . 6  

1 9 7 7  in p lot  I I I  and I V , 2 2 . 5 - 1 4 . 6  1 9 7 8  in  p l o t  I and I I , 

5 . 5 - 1 4 . 6  1 9 7 8  in p l o t  I I I  and IV and 1 3 . 6 - 2 1 . 6  1 9 7 9  in plot 

I and I I . 

The number o f  vi s i t s  in  the d i f ferent t ime interva l s  are 

pre sented in Tab le  I I I . E f forts  wer e made to carry ou t the 

censu s e s  in period s  w i th h igh song a c t i v i ty expec tancy . 

The gu idl ine s o f  cencus  t im ing g iven by S LAGSVOLD ( 1 9 7 7 ) , 

depend ing on wea th e r  cond i t ion s and pheno logy ,were pa id 

attent ion to in the 1 9 7 8  census  of the f o re s t  hab itat s . 

The d i f f e renc e between : . 1 9 7 7 and 1 9 7 8  - i s  not cons idered 

to be dec i s ive , s in c e  the re l a t ive ly h ighe r amount of  late 

censu s e s  in 1 9 7 7  c o inc ided with the r e l a t ivel y late arriva l 

of  the late s t  migran t s  th is year , compared to 1 9 7 8 . 
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Tab le I I I . Number o f  v i s i t s  in  c e n s u s periods . 

Ye ar 

Period · 

5 . 5 - 1 9 . 5  

2 0 . 5 - 3 1 • 5 

1 . 6 - 1 0 . 6  

1 1 . 6 - 2 1 . 6  

Tota l 

I I I  

2 

3 

2 

5 

1 2 

1' 9 7 7  

IV 

3 

2 

3 

4 

1 2 

1' 9 7 8  
P l o t · · · · 

r · · · r I  · I I I  

3 

5 

1 

1 0 

6 

3 

2 

1 1  

6 

2 

2 

1 

1 1 

· Iv 

4 

3 

2 

2 

1 1  

· 1 9 7 9  . 

I I I  

1 0  1 0 

1 0 1 0  

As DYRC Z  & TOMii\tOJC ( 1 9 7 4 )  poi n t s  out , the ma in p rob lem 

in quan t i ta t ive s tud i e s  o f  b ird popu l a t ions in ma r sh l and , 

i s  the marked inf luenc e s  o f  the wa t e r  leve l o s c i l l a t ions 

on the d i s t r ibut ion o f  breeding p a i r s  and the t ime of breed­

ing . H igh wa ter level cau s e  a p a r t  o f  the breeding popula­

tion to ne s t  in subop t ima l  hab i t a t s , loc a l ly h igh . aggre­

ga t ions o f  breed ing b irds occur , b i rds  s tarting · ea r ly 

suf fer h igh brood l o s s e s , or  breed ing i s  delayed . 

Because o f  the l ow he ight leve l o f . p l ot  I and I I , the spr ing 

flood ing d i s turbed the op t ima l c en s u s  timing in the s e  open 

hab itats . The c e n s u s  in 1 9 7 8  and 1 9 7 9  in the s e  p l o t s  wa s 

pe rformed a f t e r  the f l ooding , the c en sus  starting - t ime 

co inc ided w i th the date when max imum 2 5  % of the p lo t ' s area 

were submergent , c . � .  F ig . 2 .  The spa t i a l  d i s tr ibut ion 

of terr i tor ie s he l d  be fore the f looding wa s d i s turbed , 

and reorgan i z a t ion and reoccupy ing o f  the hab i t a t s  s tarted 

immediate ly as the p lot sur f ace gradua l ly emerged f rom the 

with drawing wa ter . S ince the s p e c i e s  ac cumula ted in the 

study area dur ing the f lood ing and thu s a l l  were pre sent 

afte r  cul irnination , it  wa s a s sumed a qu ick s e t t l ing o f  the 
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Fig . 2 . Spr ing f lood ing cour s e  in 1 9 7 7 ,  1 9 7 8  and 1 9 7 9  

in lake 0yeren , mea sured a s  mean da i ly water level a t  

M�rk fo s s  ( Source : Norweg i an Water Re sourc e s  and E l e c ­

tric ity Board ) and the wat e r  l eve l o f  2 5 . % subne rgence 

of plot I and I I . 

hab i ta t s . The somewhat comp r e s s e d  census  per iod in  the s e  

hab i t a t s  h a s  probab ly n o t  inf luenced the c e n s u s  e f f ic iency 

con s ide rab ly . 

The mapp ing me thod wa s ou t l ined p r imarily  for e s t imat ing 

pa s s erine popu l a t ions in fore s t  p lo t s , by record ing terri­

tor ial behaviour ( e spec ial ly voc a l i z ing ) i n  ma l e s . 
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However , the me thod i s  u s ed in numb e r s  o f  inve s t ig a t ion s 

in a var i e ty o f  open -hab itat  type s ,  with cons iderab l e  pro­

port ion s of the commun i t i e s  comp r i s ing non-pa s s e r ine s , e . g .  

alp ine me adows , bogs and heaths ( ALM e t . a l . 1 9 6 5 ,  1 9 6 6 , . . 
MOKSNES 1 9 7 2 , 1 9 7 3 , L I EN e t . a l . 1 9 7 4 ) / we t land hab i t a t s  

(mar she s ,  bogs , pea t s , mo s se s ,  we t meadow s ) ( FREMMING & 

SLAGSVOLD 1 9 6 8 , DYRC Z e t . a l . 1 9 7 2 , B ELL e t . a l . 1 9 7 3 , 

DIEHL 1 9 7 4 , DYRC Z & TOMIAtOJC 1 9 7 4 , JENSEN 1 9 7 4 , MOKSNES 

1 9 7 7 , re ferenc e s  in LARSEN & M0LLE R 1 9 7 8 , SVENS SON 1 9 7 8 ) 

and farmland ( SNOW 1 9 6 5 ,  WILL IAMSON 1 9 6 7 ,  c . f .  LARSEN & 

M0LLER 1 9 7 8 ) . Open hab itat  breeder s , e spec ial ly the wade rs , 

di f fer  f rom the p a s s e r ine s in  behaviour , having otherwise  

or �er t e r r i to r i a l  uttering s . Due  to  the s e  d i f ference s , 

the a c curancy o f  the me thod i s  a f fected . N e s t - s e arch ing 

and rec o rd ing of anxious or aggre s s ive behavior  f rom the 

breeding c ou p l e  is thu s a matter of nec e s s i ty to reduce 

the b i a s  in de tect ing terr itories  ( MOKSNES 1 9 7 2 ,  1 9 7 3 ,  

1 9 7 7 , DYRC Z e t . a l . 1 9 7 2 , DYRC Z & TOMIAtOJC 1 9 7 4 , LARS SON 

1 9 7 6 , SVEN S S ON 1 9 7 8 ) . Dur ing the breeding cyc l e ,  many o f  

the wader s p ec i e s  have h ighe s t  detec tab i l i ty imme d i a tely 

after hatching ( HAKALA 1 9 7 1 ) . 

Spec ia l a t t e n t ion wa s g iven to the Charad r i i -g roup dur ing 

the c e n su s e s  in p lo t  I .  The comp l e te ab sence o f  shrubs 

and tree s in  the hab itat fac i l iated v i s u a l  obs erva t ions of 

the b irds . Ph i l omachu s ·eugnax and Numenius  · arquata of ten 

leave the ne s t  s i te on long d i s tanc e s  from the ob s e rver , 

cau s ing d i f f ic u l t i e s  in de te rmin ing the exax t ne s t  locat ion 

(ALM e t . a l . 1 9 6 5 ,  MOKSNES 1 9 7 3 , DYRC Z & TOMIA ZOJC 1 9 7 4 ) . 

Due to the s e  c i rcums tanc e s , much empha s i s  wa s not  g iven 

to ne s t - search ing in add i t ion to the ob serva t ions  and search-
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ing dur ing the c e n s u s e s . For Van e l lu s  vane l lu s , the 

aggre s s ive behaviour close to the ne s t  s i te , ne s t  f inding s 

and s imul tanous v i sual  contacts wer e the mo s t  important 

mapp ing c r i te r i a . The coun t ing of ma l e  Phi lomachus pugnax 
on the lek , g ive only a rough e s t ima te o f  the popu l a t ion 

den s i ty in the s tudy area , due to the polygamy of th i s  

spe c ie s . The numbe r  o f  breeding " pa i r s " i n  th i s  spec ies  . . . . . . .  
are thus b a s e d  on fema l e s . During incubation · phi lomachus 

pugnax f ema l e s  l e ave the ne s t  only i f  the ob s e rver i s  

ve ry c l o s e  ( HAKALA 1 9 7 1 ) . Rep e a ted break cove r o f  f emale s 

on the same p lo t  were the mos t  important recording for th i s  

spec ie s . F o r  Nume n iu s  arquata , n e s t f inding s , repeated 

break cove r f rom the same spot and rep e a ted s imu l t anous 

visual recordings of birds were  regarded as the ma in terr i ­

tory-detect ing recording s . Good dens i ty e s t imat ion s of  . . . .  
Gallinago ·ga l l inago are d i f f i c u l t  to obtain by the mapp ing 

me thod ( FREMMING & S LAGSVOLD 1 9 6 8 , MOKSNES 1 9 7 3 , DYRC Z  & 

TOMIAiUJC 1 9 7 4 , LARS SON 1 9 7 6 ) . For thi s spec i e s  S VENSSON 

( 1 9 7 8 ) recommend c e n s u s e s  in twi l ight . The a e r i a l  d i s p lay 

and repeated break c ove r on the s ame spot were the c r i te r ia 

used in the mapp ing in th i s  s tudy . 

Al aµda arvens i s  r e f l e c t  the borde r s  o f  the terr i to ry only 

when f ly ing close to the ground ( DYRC Z  & TOMIAtOJC 1 9 7 4 ) , 

terr itory mapp ing by recording s o f  s ing ing ma l e s  are thu s 

d i f ficul t ,  and SNOW ( 1 9 6 5 ) repo r t s  o f  great var i ab i l i ty 

between ob s e rv e r s  when census ing the same popu l a t ion . In  

the pre s e n t  s tudy , t h e  s inging ma l e s  were rec orded and the 

c lusters  eva luated in the s t andard way . The numb e r  of 

s ing ing ma l e s  · wa s  remarkab ly s tab l e  form one survey to 

ano ther , and the number of contemporary contac t s  b e tween 

two or more  adjacent b i rds  wa s cons iderab l e . The standard 
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terr itory reg i s trat ion requ irements  o f  the mapp ing me thod 

were thu s  far exceeded . SNOW ( 1 9 6 5 ) , HAUKI OJA ( 1 9 6 8 ) and 

JENSEN ( 1 9 7 4 )  report more or le s s  severe und e r e s t imat ion 

of  Ember i z a  schoe n i c l u s -popu l a t ions by the s tandard map ­

ping me thod , wh i l e  B ELL e t . a l . ( 1 9 7 3 ) , howeve r , found 

that 7 surveys of the me thod de tected 9 2  % of an a s sumed 

known ( r inged ) popu l a t ion . I n  the pre s e n t  s tu dy , the 

recommandations  of SVEN S S ON ( 1 9 7 0 ) are f o l l owed in the 

evaluation procedure for th i s  spec ie s . 

The tot a l  amount o f  t ime u sed  in the f i e l d  work dur ing the 

1 0  vi s it s  in  p l o t  I wa s 2 7  min . /ha , and the walk ing ve l oc i ty 

average s 4 0  m/min . The f ie ld work inten s i ty i nc r e a s e  w i th 

incre a s ing b ir d  popu l a t ion den s i t ie s . I n  p l o t  I I , 8 3  

min . /h a  were u s e d  and the average wa l k i ng veloc i ty wa s 2 8  

m/min . I n  the fore s t  p l o t s , the corre s ponding " f igure s 

were 1 0 8 min . /ha and 2 2  m/min . ,  2 0 4  min . /ha and 1 2  m/min . , 

in p l o t  I I I and IV  r e s p ec t i ve ly .  I n  the s e  p l o t s  the t ime 

spent on surveys  or speed  o f  pene tration , i s  in accordance 

with recommende d or reported intens i t i e s in  s tu d i e s  o f  

comparab le  communi ty den s i t i e s . 3 0 - 4 0 m/min . a r e  recommended 

by HOGSTAD ( 1 9 6 7 ) , 2 5  m/min . by S LAGSVOLD ( 1 9 6 9) for spruce 

fore s t s . F or dec iduo us  fore s t s  1 8 - 2 0  m/min . were used by 

ENEMAR ( 1 9 5 9 ) , 2 6  m/min . by JOEN S EN ( 1 9 6 5 )  and 1 0 5 - 1 2 0  min . /ha 

by R0V ( 1 9 7 5 ) with den s i t i e s  of 8 5 0 , 1 3 3 6  and 1 0 3 8  p a i r s /km 2 

re spe c t ive ly . TOMIAtoJC & PROFUS ( 1 9 7 �  u s e d  1 8 0 min . /h a  on p l o t s  

with a de n s i ty o f  1 1 5 2 p a i r s /km 2 and S.� ( 1 980 a )  · h a d  a wa lk ing 

veloc i ty of 1 3 . 3  m/min . in a Alnu s incana -fore s t  with 4 0 2 3 pair s /  

km2 . The ve loc i ty- re tard i ng e f f e c t  of  den s e  shrub vegetation and 

the t ime u s ed in nume rou s break s when j ot t in g  down the observa-
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t ion s in re l a t ive l y  dense  popu l a t ion s , are the ma i n  factors 

caus ing s lowe r speed o f  penetrat ion in n igh-de n s i ty commun i­

ties ( JOENSEN 1 9 6 5 ,  R0V 1 9 7 5 ) . 

The h igh spec i e s  den s i t i e s  i n  the fore s t  p l o t s  forced 

accurate loc a tions  of the b ir d s  when mapp ing . To obta in 

cro s s -bearings of s ing ing mal e s , rather rap id movement wa s 

conven ient . Howeve r , the s p e e d  wa s su f f ic iently l ow to 

permit putt ing down contac t s . At  the grid po int , the ob­

serve r wa i ted  a coup l e  of minu t e s  to be  ab le  to rec ord con­

temporary contac t s  or c ro s s -b e a r i ng s . Be fore the l e a f ing 

of the shrub layer , a s pe c i a l  ne s t - s earch ing survey o f  

about 3 and 5 hour s in p l o t  I I I  a n d  IV  respec t ive ly , was 

per formed
_

in
_
order to loc a t e  ne s t s  o f  ·Turdu s ·pilaris and 

Fr ingi l l a  coe l eb s . The numbe r  o f  territories  are based 

on the  c r i te r i a  o f  SVENSSON ( 1 9 7 0 )  for  mo s t  o f  the spec ie s 

in p l o t  I I , I I I  and IV . The popu l a t ion o f  · Tu rdu s pi lari s 
wa s determined by n e s t - f indings  a lone . When ana l y z ing the 

spec i e s  map s , the de tec t ion of .te r r itories  wa s con s ide r­

ab ly fac i l i ated by the s imu l tanou s contac t s , be ing espe­

cia l ly nume rous in  t h e  abundant spec ie s . The re l a t ive 

importanc e o f  c ontemporary contac t s  ver s u s  the o ther criteria 

is  high i n  d e n s e  c ommun i t i e s  due to the h igh ter r i tory­

pack ing . 

Some spec i e s  have low de tec tab i l i ty and the ir pop u l a t ion 

den s i t i e s  are thus mo re or l e s s  unde r e s t ima ted when strict­

l y  fol lowing t h e  recommandat ions  o f  the  Interna t iona l B i rd 

Cen s u s  Comm i t te e . Me thod ica l s tudi e s  by seve r a l  authors  

have determined s evere undere s t imation ( approx ima te ly 3 0 - 5 0  % )  

in the fol l owing spec ie s : Prune l l a modu l a r i s  ( EN EMAR 1 9 5 9 , 

JOENSEN 1 9 6 5 ,  SNOW 1 9 6 5 , HOGSTAD 1 9 6 7 , JARVINEN e t . a l . 1 9 7 8 ) , 
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Sylvia commun i s  ( SNOW 1 9 6 5 ,  JEN S EN 1 9 7 4 ) , Mu s c i c apa s tr iata 

( JOENSEN 1 9 6 5 ,  SNOW 1 9 6 5 ) , Paru s c aeru l eu s , P .  maj o r  ( SNOW 

1 9 6 5 , MANNES & ALPERS 1 9 7 5 ,  N I L S SON 1 9 7 7 )  and C e r thia  famil i­

ari s ( JOENSEN 1 9 6 5 ,  N I L S S ON 1 9 7 7 ) . Some o f  the s e  authors  

and o thers  ( c . f .  BERTHOLD 1 9 7 6 )  h ave propo s ed correct ion 

factors to the ob ta ined map p ing e s t ima te s . I n  the pre sent 

s tudy mul t i p l i c a t ion factors are not used . Howeve r ,  the 

low mapping e f f ic iency o f  the s e  spec i e s  are taken into con­

s ideration when anal y z ing the spec i e s  map s . Genera l ly , two 

ob s erva t ion s are accepted a s  a territory in c a s e s  when the 

terr itorial  behaviou r s  and/or the spa t i a l  d i s tr ibut ion s o f  

ob s e rvations  and ad j ac e n t  c lu s ter s , indicate  a h igh prab­

ab i l i ty of  a breed ing terr i to ry . Neve rthe l e s s ,  the ma j or i ty 

of  the terr i to r i e s  o f  the s e  spec i e s  are b a s e d  on the s tandard 

c r i teria . 

In 1 9 7 7  5 0  % o f  the surveys in -p l o t  I I I  and IV  we re per­

formed by 2 othe r , exp e r ienced f i e ld orn i tho l og i s ts , in  

1 9 7 8  and 1 9 7 9  a l l  plots  we re  c en su s ed by the author . The 

evaluation pros edure i s  p e r f o rmed by the l a t ter for  a l l  three 

year s . The ob s erver var iab i l i ty may cau s e  error in the 

resul t s . The ob s e rver co inc i denc e in reg i s tra t io n s  i s  

found t o  be rather h igh , on average 7 5  % in a d e c i duou s 

fore s t  p l o t  ( ENEMAR 1 9 6 2 )  and 8 2  % in a con i f e rou s fore s t  

plot  ( HOGSTAD 1 9 6 7 ) . ENEMAR e t . a l . ( 1 9 7 8 )  conc luded in a 

me thodi c a l  s tudy w i th 4 ob s e rvers  ( in a sub - a l p ine birch 

fore s t )  tha t census  data obt a ined f rom d i f f erent  ob serve r s  

were compa rab le . They found , a s  expec ted , dec rea s ing 

d i f ference in e s t ima ted terri to ry numb e r s  with inc reas ing 

samp le  s i z e . The coe f f i s ie n t  of  var iat ion between ob servers 

wa s l inear ly corre lated to log number of  t e r r i to r ie s . In 
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view o f  the s e  r e s u l t s , i t  i s  a s sumed that the o b s e rver 

variab i l i ty has not caused s evere bias in  the numb e r  of 

territories  in the pre s e n t  s tudy . 

The re l iab i l i ty o f  den s i ty e s t imate s 

sever a l  autho r s  ( c . f .  B ERTHOLD 1 9 7 6 ) . 

i s  que s t ioned by 

The den s i ty of the 

popu l a t ions and the mapp ing e f f ic iency of the spec i e s  in 

the commun i ty are fac tors inf luenc ing the accurancy . In  

a s tudy o f  the me thod in f a rmland hab i ta t s  w i th p a s ture s , 

arab l e  land , hedge s , hedgerows and sma l l  woo d l and s t r ip s  

o r  p l o t s , SNOW ( 1 9 6 5 )  pointe� out tha t dur ing 8 v i s i t s  an 

experienced observer obta ined re sul ts  tha t� when ana l y s £d 

in a s tandard way , were on average on ly some 6 0 - 7 0  % of  pairs  

tha t  wou l d  be recorded i f  twice a s  many v i s i t s  were  made . 

A wet meadow hab itat  w i th patches o f  shrub and tre e s  wa s 

cen s u s e d  by D I EHL ( 1 9 7 4 ) . S t andard eva l u a t ion o f  the 

census r e s u l t s  a f t e r  1 0  v i s i t s , recorded o n l y  5 0  % of the 

to ta l l y  number  of p a i r s  compared to 2 7  v i s i t s  and about 

7 0  % compared to 2 1  v i s i t s . An inve s t igation wa s per­

formed in a pa tchy mar s h  hab i ta t  with 9 d i f f e rent part ic i­

pan t s  v i s i t ing the plot dur ing one  day ( JENS EN 1 9 7 4 ) . 

Spe c i e s  map s a f ter  1 0  surve y s  eva luated according to the 

inte rna t ional ly accepted ru l e s , detected only 3 0  % of the 

to tal · terr i tory number . The terr ito r i e s  reported we re 

known f rom co lour-ringed b ird s . However , the gene ral ity 

of th i s  l a tt e r  re su l t  is l imi ted , partly due to the me tho ­

dical  shortcoming s ( on l y  one day during the breeding cyc l e ) . 

Othe r s tud i e s  report a cons iderab le accurancy o f  the me thod . 

When comp a r ing popu l a t ion e s t ima te s o f  ne s t  hunt ing and 

mapp ing , ENEMAR et . a l .  ( 1 9 7 6 ) found f a i r ly goc d agreement 



- 5 0  -

for the total commun i ty in sub a l p in e  b irch fore s t . I t  

mu s t  b e  conc luded tha t the mapp ing me thod , when  the s tan­

dard recommandations a�e app l ied , has a s ign i f icant vary ing 

hab itat- and commun i ty- spec i f ic e f f ic iency . I n  the pre ­

sent s tudy , the number o f  surveys  and amount o f  t ime per 

survey , exceed the s tandard rec orrunandations for  open 

hab i ta t s  ( 8  v i s i t s , SVEN S S ON 1 9 7 0 ) and the s imp l i f ied , 

revi sed ver s ion for bogs ( 5  vi s i t s , SVENSSON 1 9 7 8 ) , thu s 

reduc ing the error in  the e s t imat e s  o f  p lo t  I ,  the hab i­

tat with the obviou s ly lowe s t  mapp ing e f f ic iency . The 

survey pro s e dure out l ined in  thi s chapte r , and the eva­

lua t ion c r i teria  app l ied , are con s idered to reduce the 

inherent e rror in the method to g ive accep tab le  f igure s 

of  the spec i e s  popu l a t ion den s i t i e s  in the p lo t s  for the 

purpo s e  of th i s  s tudy . 

3 . 3 . 2 .  Calculations 

Commun i ty indic e s  

B ird specie s diversity ( B S D ) 

Shannons formula  ( SHANNON & WEAVER 1 9 6 3 ,  PIELOU 1 9 7 5 )  ( or 

the informat ion theory func t i�� ) o f  d ive r s i ty i s  u s ed 

H '  = - E p i  ln p i , where p i � ��� i s  e s t ima ted b y  n
i

' the 

numb er of terr i to r i e s  of the i ' th spec i e s  d i v ided by N ,  

the tota l number o f  terr i to r i e s  in the s tudy p lo t . 

B i rd spec ie s  evenne s s  ' ( BJ ' ) 

( TRAME R 1 9 6 9 ,  P I ELOU 1 9 7 5 )  i s  a mea sure o f  the dominance 

s truc ture in the commun i ty . BJ ' = H ' / ln S where H '  i s  the 

spec i e s  dive r s i ty and S the number  of spec ie s in the com­

mun i ty .  
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B ird c onunun i ty dens i ty ( BCD ) 

i s  the sum o f  the ind ividua l spec i e s  popu l a t ion den s i t i e s  

me a sured a s  number o f  t e rr itor i e s  p e r  km 2 • 

B i rd conunurt i ty ' bioma s s  ( BCB ) 

i s  the sum o f  a ll spec i e s  popu l a t ion b ioma s s e s  in g/ha . 

The b ird we igh t s  are recorded f rom JARVINEN & VAI SANEN 

( 1 9 7 7 )  and OWEN & COOK ( 1 9 7 7 ) . 

B i rd spec ie s richne s s  ( B S R )  

i s  the spec i e s  den s i ty i n  the commun i ty ,  mea sured a s  the 

number of spec ie s p e r  1 0  ha . 

B i rd spec ies ' dominan c e  ( B D ) 

(MC NAUGHTON 1 9 6 7 )  BD = ( n 1 + n 2 ) /N , where  n
1 

and n 2 
are the numb er  o f  t e rr i to r i e s  o f  the two mo s t  abundant 

spec ie s i n  the p l o t , and N the to t a l  number of  territorie s .  

Ecolog ical  group s 

Breeding ecology groups 

The spec ies  in the f our s tage s of suc c e s s ion are d ivided 

into four ne s t  s i te or breed ing eco logy group s . The ba s i s  

for the divis ions i s  expe r ienc e s  from the f i e l d  work and 

recordings f rom the l i terature , ma inly  JOENSEN ( 1 9 6 5 ) , 

HAAPANEN ( 1 9 6 5 )  and HAFTORN ( 1 9 7 1 ) . Some spec ie s have 

ne s t s  in d i f ferent s i t e s  and the s e  spec i e s , marked 1 / 2 , 

are a s sumed to have 5 0  % o f  the popu l a t ions  breed ing in 

e i ther ne s t  s i tes . 
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Ground : An�s pla tyrhyncho s , 
_
Vane l lu s  vane l lu s , Phi l omachu s 

pugnax ,· _ Nurnertius arCl,Uata , Ga l l inago ga l l inago , 

Al auda · arven s i s  ,· An thu s trivia l i s , Motacilla f l ava , 

M � alba , Phyl loscopu s troch i lu s , Sax ic o l a  rub e tr a , 

Er ithacus · rubecu l a ; Turdu s meru l a  t ,  T .  i l iacus  t ,  · · · · ·  . . -
Embe r i z a  citr ine l l a  t ,  E .  schoenic l u s . 

Shrub : Prune l l a modu l a r  i s , Ac roc epha l u s  sc-irpac eus , H ippo ­

l a i s  icte r ina , Sylvia borin , S .  atr icap i l l a , s .  
commurt i s , ·rurdu s me rula ! , T .  i l iacu s t ,  Carpodacu s 

e rythr inu s , Embe r i z a  c itrine l la t .  

Tree : Co lumba pa l umbu s , Mus c icapa s tr i a ta , Turdu s ·pi la r i s , 

F r ingi l l a  coe l eb s , · p .  mont i fr ingi l l a . 

Ho l l ow : Dendrocopu s leuc o to s ; D .  ·minor , F idecu la hypo l euca , 

Paru s ·montanus , P .  caeru l eu s , · p .  majo r , C e r th ia 

fami l i ar i s . 

Feeding ecology group s  

The spec i e s  are d iv ided into four f eeding s i te group s in 

the breed ing s e a s o n . Ob s e rvations dur ing the f ie ld work 

and record ing s  f rom the l it e rature are the ba s i s  f o r  the 

div i s ions . The ma in s ourc e s  are HAAPANEN ( 1 9 6 5 ) , JOENSEN 

( 1 9 6 5 ) , HAFTORN ( 1 9 7 1 ) , · ULF STRAND ( 1 9 7 6 ) and S�THE R  ( 1 9 8 0 b )  

� pla tyrhyncho s , Columba ·palumbus and Turdu s pi l a r i s  

are exc luded f rom the c a lculations  of den s i ty and b ioma s s , 

due to the i r  hab i t s  o f  feeding par t ly outs ide the breed ing 

plot . Spec i e s  mark ed t are a s sumed to feed 5 0  % on e i the r 

of  the feed ing s i tes  they occur in . B ioma s s  c a l c u l a t ion s 

are ba s ed on body we ight s  l i s ted in JARVINEN & VAI SANEN ( 1 9 7 7 ) . 
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Vane l lu s  vane l lu s , Ph i l omachus pugn ax , Ga l l inago 

ga l l inago , Nume n i u s  .. arquata , Columb a pa lumbu s ,  

Al auda arven s i s , Anthu s tr ivia l i s  t ,  Motac i l l a  

f l ava t ,  �·  alba t ,  Prune l la modu l ar i s , Ac rocephalus 

s c i rpac e u s  t ,  S ax i c o l a  rube tra t ,  E r i thacus rubecu la , 

Tur du s p i l a r i s ,  ! ·  meru l a , T .  i l iacu s , Carpodac u s  

erythr inu s , Embe r i z a  c i t r ine l la , E .  s c hoenic lus t .  

An thu s t r iv i a l i s  t ,  Motac i l la · f l ava t ,  � ·  a lba t ,  
Mu s c icapa s tr iata , F idec u l a  hypo leuc a , Saxicola 

rubetra t .  

Dendrocopu s leucoto s ; D ;  minor , C e r t h i a  fami l iar i s . 

Fol iage , shrub : Aaro c eph a l u s  s c irpaceus t ,  H ippo la i s  icterina t ,  
:Sylvia bor in , �· a t r i c ap i l la , §. ·  commun i s , - ­

Phyl loscopu s tro ch i l u s  t ,  Parus montanus t ,  
P .  major t ,  Fringi l la coe l e b s  t .  

Fol iage , tree : H ippo l a i s  i c t e r i n a  t ,  Phyl l o scopu s trochi lus t ,  
Parus mon tanu s t ,  P .  caeruleus , P .  ma j or t ,  
F r i ng i l l a  coe lebs  ! i  F .  mon t i f r i ng i l l a . 

Succ e s s ion rate 

Indi ce s of suc c e s s ion rate of  the b i rd commun i t i e s  are iden t i ­

cal t o  the ind i c e s  de s c r ibed f o r  t h e  p l an t  commun i t i e s . 

Stab i l i ty 

Variation in the f o l lowing parame te r s  are ind i c i e s  o f  com­

mun i ty s tab i l i ty ,  aspe c t s  of p er s i s tence s tab i l i ty in t ime 

( BOTKIN & SOBEL 1 9 7 5 ) . Some o f  the ind i c e s  ( 1 , 3 ,  4 ,  5 )  are 

Propo sed by JARVINEN ( 1 9 7 9 ) . 
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1 . Coe f f ic ient o f  varia tion o f  tota l den s i ty , in percent , 

c . v .  ( BCD ) . Th i s  index i s  sugge s ted  to mea sure the 

con s tancy of ene rgy f low through the b ird commun i ty . 

Compensatory change s in the spec i e s  popu l a t ions o f  the 

commun i ty reduce the mag n i tude of th i s  index . 

2 . Coe f f ic ient o f  var i a t ion o f  spe c i e s  r ichne s s  ( tota l 

numb e r  o f  spec ie s S /p lo t  s i z e ) in percent , C . V .  ( B S R ) . 

Th i s  index i s  on l y  inf luenced by the var i a t ion in 

popula t ion den s ity of the rare spec ie s . 

3 .  Coe f f ic ient o f  var i a t ion o f  spec i e s  d ive r s i ty ( H ' = 

Shannons index ) in percent , C . V .  ( BS D ) . Thi s index i s  

a f f e c ted b y  the var i a t ion i n  numb e r  o f  spe c i e s  ( S )  

and the d i s tr ib u t ion o f  spec ie s frequ e nc i e s . 

4 .  Coe f f ic ient o f  var i a t ion o f  the evenne s s  component of  

spec ie s dive r s i ty ( J ' = H ' / ln S )  in percent , C . V .  ( J ' ) .  

Thi s index mea sure s change s in the spec ie s f requenc ie s 

d i s tr ibution . 

5 .  Var i anc e-ratio ( V ) . Thi s index i s  the s um of  var iances 

of  popu la t ion den s i t i e s  of  d i f ferent spec i e s  in a com­

mun i ty divided by the var iance of the total  commun i ty 

den s i ty . I f  V i s c lo s e  to 1 ,  compen s a t ing f luctuations 

tend to balance para l l e l  f luc tua tions  in the commun i ty .  

I f  para l l e l  f lu c tuations  dominate , V < 1 and compen­

s a ting f luctua tions  V > 1 .  Th i s  index is c a l cu l a ted 

for a l l  spec ie s and for spe c ie s  comp r i s ing > 5 % o f  the 

commun i ty re sp e c t ive l y . 

6 . S im i l a r i ty ( S ) . Th i s  index i s  a quant i ta t ive mod i f i ­

c a t ion o f  the Jaccard s imi l a r i ty index , u s e d  by 

WITKOWS KI  ( 1 9 7 3 , 1 9 7 8 ) . S = w/ a +b-w where w is the 

sma l ler number  of individua l s  in the two years compared 

for a l l  the spec ie s in the c ommun i ty ,  a and b is the 

numb e r  of ind ividua l s  o f  the f ir s t  and sec ond year 

re spec t ive ly . 
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The s t a t i s t i c a l  me thods emp loyed in  thi s  s tudy i s  mo stly  

s imp l e  l inear or  mu l t ip le regre s s ion ana l y s i s  ( CHATTERJEE & 

PRICE 1 9 7 7 ) . T - te s t  o f  one - or two - t a i l e d  probab i l i t ie s  i s  

frequently u s e d , the te s t  l eve l i s  de no ted i n  each case . 

Non-paramet r i c  te s t s , a s  Spe arman rank corre l a t ion , have 

been added to some t - te s t s  for compar ison ( c . f .  SNEDECOR 

& COCHRAN 1 9 6 7 ) . Te s ts based on rank sums , e . g .  the Mann­

Wh i tney U - te s t  ( S IEGEL 1 9 5 6 ,  SOKAL & ROHLF 1 9 6 9 )  are used . 

Metho ds for  one-way ana ly s i s  o f  var iance are emp loyed , e i ther 

F - te s t s  ( SNEDECOR & COCHRAN 1 9 6 7 ) , comb ined w i th a Newman-Ke u l  

procedure t o  d e t e c t  s ig n i f icant d i f ferenc e s  be tween group s 

( SPJ0TVOLL 1 9 7 4 ) , or  the non-parametric Kru s ka l -Wa l l i s  te s t  

( S I EGEL 1 9 5 6 , LEHMANN 1 9 7 5 ) . 

4 .  RESULTS 

4 . 1 . P lant commun i t i e s  

4 . 1 . 1 .  Compo s i t ion 

The spec i e s  and layer cover e s t ima te s and h e i gh t s  of s trata in 

the samp l e d  p lo t s  are l i s ted in Appendix I ,  I I , I I I  and IV . 

The spe c i e s  compo s i t ion , cons tancy , me an cover value and the 

re lative abundance in the four suc ce s s iona l c ommun i t i e s  are 

pre sented in Tab l e s  IV through VI I . 

Spec ie s  

In p lot  I ,  Ca lmagro s t i s  c ane s c e n s  is  dominant , the spec ie s h a s  

3 8 . 6  % o f  the tota l cover va lue o f  a l l  spe c ie s i n  a l l  quadr a t s  

( cove r propo r t i on ) , and i t  o c curs o n  9 6  % o f  t h e  quadra t s , the 

corre spond ing f igur e s  for the subdominant Agros t i s  tenu i s  is  

1 7 . 8  % and  9 2  % .  Juncu s f i l i form i s  make s 9 . 2  % ,  and  ha s a 

cons tanc y o f  8 4  % .  Drephanoc l adus po lycapu s con s t i tutl2s 8 . 1  % 

o f  the cove r ,  but ha s a r e l a t iv ly low con s t ancy , 4 8  % .  Carex 

aquatilis contr ibute s b y  6 . 4  % o f  the cove r w i th 6 8  % con­

stancy . 
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Tab le IV . Constancy ( C ) , average cover value ( CV ) , and cove2-
proportion ( CP ) , for the p l ant spec ies  on 2 5  quadrats  o f  2 m ,  
plot I ,  Arne s tangen . 

Spe c i e s  

B l a s i a  pus i l la 
Scap ania irrigua 
Dicran e l l a  c . f .  c r i sp a  
Poh l ia bulb ifera 

I I  c . f .  e longata 
Bryum sp . 

II tor t i fo lium 
Mnium pseudopunktatum 
Drephanocladus polyc apus 
Calliergon cordifolium 
Campyl ium stellatum 
Amb lys tegium r iparium 
Polytrichum commune 

Equ i s e tum pratense 
II  palustre 
I I  f luviatile 

Agrostis tenu i s  
II  s tolonif era 

Calamagros t i s  c ane scens 
Deschamp s i a  cae sp i tosa 
Car ex acuta 

II aqua t i l i s  
I I  le porina 
" nigra 

Juncus f i l i formi s 
Cal tha palustr i s  
Ranunculus repens 
Comar um palustre 
Potentilla erecta 
Lys imachia thyr s i f  lora 

I I  vulgar i s  
Mentha arvense 
Pedicularis palu s tr i s  
Ga l ium palustre 
Hieracium umbe l l atum 

II  vulgatum 

Sal ix caprea 

c CV 
% % 

4 0 . 04 
1 6  0 .  1 6  

4 0 . 04 
2 8  2 . 4 4 

4 0 . 04 
2 4  0 . 4 0 
3 2  0 . 3 2 
1 6  0 . 1 6  
4 8  7 . 2 4 
2 8  1 . 0 8  
2 0  0 . 2 4  
1 6  2 . 2 8 

4 0 . 20 

3 6  1 . 1 6 
1 2  0 . 1 2  
5 2  0 . 5 6 
9 2  1 5 . 9 2 

8 0 . 2 8 
96 3 4 . 6 0 

8 0 . 08 
1 6  1 .  2 0  
68 5 . 76 

4 0 . 0 4 
4 0 . 04 

84 8 . 2 8 
3 6  0 . 4 4 
1 2  0 . 1 2  
24  0 . 6 4 
1 6  1 .  2 4  

4 0 �0 4  
2 4  0 . 2 4 

4 0 . 04 
76 2 . 2 4 
52  0 . 9 2 

4 0 . 0 4 
4 0 . 08 

. .  s . . . . . . . . . . .  0 . 8 4 . . .  - . . .  -

CP 
% 

0 . 05 
0 . 1 8 
0 . 05 
2 .  7 2  
0 . 05 
0 . 45 
0 . 36 
0 . 1 8 
8 . 0 8 
1 .  2 1 
0 . 27 
2 . 55 
0 . 2 2 

1 . 3 0  
0 . 1 3  
0 . 6 3 

1 7 .  78 
0 . 3 1  

3 8 . 6 3 
0 . 09 
1 . 3 4 
6 . 4 3 
0 . 05 
0 . 05 
9 .  25 . 

0 . 4 9 
0 . 1 3 
o .  72 . 

1 .  39 
0 . 05 
0 .  27 
0 . 05 
2 . 50 
1 . 03 
0 . 05 
0 . 09 

0 . 94  
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Table V . Constancy ( C ) , average c over va lue ( CV ) , and cove 2 
proportion ( CP )  for the p l ant spec i e s  on 3 0  quadrats o f  2 m , 
plot I I , Kus and . 

Spec ies . 

Cephalo z i e l l a  l e ucan tha 
Cephalo z i a  rubel la 
Ceratodon purpureus 
Brachythec ium s tarkei 
Polytrichum commune 

Equisetum praten s e  
" fluviat i l e  

Agrostis tenu i s  
" s to loni fera 

Calamagros t i s  neglecta 
" cane scens 

De schamp sia caespitosa 
Mol inia caeru l e a  
Nardus stricta 
Eriophorum angu s tifolium 
Sc irpus sylvaticus 
Carex acuta 

11 aqua t i l i s  
11 lepor ina 
II  nigra 
11 pan icea 

Juncus f i l i fo rm i s  
Luzula mul t i f lora 
Rumex aceto s a  
Ste llar ia graminea 
Ranunculus acr i s  
Comarum palus tre 
Potenti l la erecta 
Lys imachia vulgar i s  
Mentha arven s e  
Pedicular i s  palustr i s  
Gal ium palustre 
Achi l le a  p tarmica 
Leodonton autumnal i s  
Hie rac ium umb e l l a tum 

Salix caprea 
11 c inerea 
11 aur ita 
11 pentandra 

Populus tremula 
Alnus incana 
Betula verrucosa 

" pube scens 
Rhamnus f rangula 

c 
% 

3 . 3  
3 . 3  

1 0 . 0  
1 3 . 3  
8 6 . 7  

4 6 . 7  
2 3 . 3  
8 0 . 0  

3 . 3  
3 . 3  

7 0 . 0  
1 6 . 7  
1 3 . 3  

3 . 3  
3 . 3  

3 6 . 7  
1 6 . 7 
1 3 . 3  

3 . 3  
1 6 . 7 

3 . 3  
9 6 . 7  

6 . 7  
4 3 . 3  
1 3 .  3 
2 0 . 0  
4 0 . 0  
7 3 . 3  
2 3 . 3  
1 0 . 0  

3 . 3  
2 0 . 0  

3 . 3  
2 0 . 0  
1 3 .  3 

8 3 . 3 
3 6 . 3  

3 . 3  
1 0 . 0  

3 . 3  
1 0 . 0  
1 6 . 7  
1 0 . 0  

. . . . . . 3 .  3 .  

CV 
i 

0 . 0 3 
0 . 0 3 " 
0 . 1 0  
0 . 1 3  

5 3 . 3 7  

0 . 70 
0 . 2 3 
6 . 8 3 
0 . 0 3 
0 . 03 

1 7 . 90 
0 . 20 
2 . 8 3 
0 . 1 7 
0 . 0 3 
1 . 0 0 
0 . 3 3 
0 . 1 7 
0 . 0 3 
0 . 20 
0 . 1 0 
1 . 40 
0 . 0 7 
0 . 50 
0 .  1 3  
0 . 20 
0 . 40 
5 . 80 
1 .  9 3  
0 . 1 0  
0 . 0 3 
0 . 2 0 
0 . 0 3 
0 . 5 3 
0 . 1 3 

2 1 . 76 
4 . 3 3 
1 . 00 
0 . 2 3 
0 . 0 3 
5 . 70 
4 . 8 3 
0 . 20 

. . . . . . 
CP  

% 

0 . 03 
0 . 03 
0 . 08 
0 . 1 0 

3 9 . 8 1 

0 . 5 2 
0 . 1 7 
5 . 1 0  
0 .  03 
o .  03 

1 3 . 3 5 
0 . 1 5 
2 . 1 1  
0 . 1 2  
0 . 03 
o .  75 
0 . 25 : 
0 . 1 2 
0 . 03 
0 .  1 5 
0 . 08 
1 . 04  
0 . 0 5 
0 . 3 7 
0 . 1 0  
0 . 1 5 
0 . 3 0 
4 . 3 3 
1 . 4 4  
0 . 08 . 

0 . 0 3 
0 . 1 5 
0 . 0 3 
0 . 40 
0 . 1 0 

1 6 . 24 
3 . 2 3 
0 . 75 
0 . 1 7 
0 . 03 
4 . 2 5 
3 . 6 1 
0 .  1 5  -

. . . . . 0 . 0 3 . . . . . . . . . 0 . 03 
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Table VI . Constancy ( C ) , average cover value ( CV ) , and cover 
proport ion ( CP ) , for the plant spe c i e s  on 32 quadrats of 2 m2 , 
plot I I I , Kus and . 

Spe c i e s  
c CV CP 
% % % 

Cir iphy l lum p i l i f  erum 3 . 1  0 . 0 3 0 . 0 2 
Brachythec ium velutinum 2 1 . 9 0 . 3 4 0 . 2 3 

II s a lebrosum 6 S . 6  1 . 6 6  1 . 1 1 

Matteucc i a  s truth iopteris 9 . 4  1 .  7 2  l .  l S  
Athyrium f i l ix- f emina 96 . 9 4 2 . 66 2 8 . S6 
The lypte r i s  phegopter i s  6 . 3 0 . 4 1  0 . 2 7 
Gymnocarpium dryopte r i s  3 . 1  0 . 0 3 0 . 0 2 
Dryopte r i s  carthus iana 84 . 4  1 1 . SO 7 . 70  
Phalar i s  arundinacea 6 . 3  0 . 1 9 0 . 1 3 
Agrostis tenu i s  3 . 1  0 . 0 3 0 . 0 2 
Calamagros t i s  c an e scens l S . 6  0 .  so 0 . 34 
Deschamp s i a  c a e sp i to s a  1 2 . S  a . so 0 . 34 
Scirpus sylvaticus 3 . 1  0 . 06 0 . 04 
Car ex leporina 1 2 . S 0 . 38 0 . 2 S 
Par i s  quadr i f o l i a  2 S . O  0 . 2 S 0 . 1 7 
Ma ianthenum b i fo l ium 3 .  1 0 . 3 1 0 .  21 
Bumulus lupulus 3 .  1 0 . 09 0 . 06 
Rumex aceto s a  3 . 1  0 . 06 0 . 04 
Ste l laria graminea 3 . 1  0 . 0 3 0 . 0 2 

II nemo rum 2 1 . 9 1 . 0 3  0 . 69 
Viola r ivin iana 2 S . O  1 .  3 8  0 . 9 2 
Ribes rub rum 9 . 4  0 . 2 8 0 . 19 
Rubus idaeu s 68 . 8  S . 06 3 .  39 
Filipendu l a  ulma r i a  9 . 4  0 . 1 6 0 . 1 1 
Oxal i s  aceto s e l la 9 . 4  0 . 6 3 0 . 42 
Ange l ic a  sylve s tr i s  3 1 . 3 a . s o o .  34 
Lys imachia thyr s if lora 6 . 3 0 . 09 0 . 0 6 

" vu lga r i s  9 . 4  0 . 34 0 . 2 3 
Trienta l i s  e uropae a 1 8 . 8  0 . 2 S 0 . 17 
Gal ium palustre 1 8 . 8  0 . 1 9 0 . 1 3 

Picea ab i e s  6 . 3  0 . 09 0 . 06 
Salix caprea 1 2 . S  4 . 3 8 2 .  93 

" c inerea 3 .  1 0 . 1 6 0 . 1 1 
Alnus inc ana 9 3 . 8  4 8 . 9 1  3 2 . 74 
Betula pube scens 3 . 1 2 .  1 9  1 . 46 
Sorbus aucuparia 2 S . O  1 . 44 o .  96 
Prunus padus 6 2 . S  7 . 3 4 4 . 92 
Rhamnus frangul a  3 7 . S  6 .• 78 4 . S4 

Sambucus racemo s a  . 40 . 6  7 . 4 4 . 4 .  98 



- 5 9  -

Table VII . Cons tancy ( C ) , average cove r value ( CV ) , and co�e r  
proportion (CP ) f o r  the p l ant spe c i e s  o n  3 0  quadrats of 2 m , 
plot I V ,  G j ushaugsand . 

Spec i e s  

Mnium rugi cum 
Cir iphyllum p i l i ferum 
Brachythec ium velutinum 
Athrichum undul atum 

Athyrium f i l ix-femina 
The lypteri s  phegopter i s  
Dryopte r i s  carthu s i ana 
Phalar i s  arundinacea 
Calamagro s t i s  c anescens 
Carex lepor ina 

n elongata 
Par i s  quadr i fo l ia 
Humulus lupulus 
Stellar i a  nemorum 
Rib e s  nigrum 

" rubrum 
Rubus idaeus 
Fil ipendula u lmar ia 
Oxa l i s  ace to s e l l a  
Angel ica sylve s tr i s  
Lys imachi a  vulga r i s  
Valerian a  sambu c i fo l ia 

Salix caprea 
" daphno ide s 

Alnus incana 
Betula verrucosa 

" pub e s c e n s  
Serbus aucuparia 
Prunus padus 
Rhamnus frangula 
Frax inus exe l s ior 
Sambucus racemo s a  
Viburnum. opu lus . 

c 
% 

1 0 . 0  
6 3 . 3  
76 . 7  
1 6 . 7  

7 3 . 3  
6 . 7  

9 6 . 7  
1 3 . 3  

3 . 3  
1 3 . 3  

6 . 7  
1 0 . 0  
· 3 _ 3  
40 . 0  

3 . 3  
6 . 6  

3 0 . 0  
1 6 . 7  
3 6 . 7  
2 3 . 3  

6 . 7  
3 . 3  

2 0 . 0  
3 . 3  

96 . 7  
6 . 7  
3 . 3  

2 0 . 0  
1 00 . 0  

36 . 7  
1 3 . 3  
3 3 . 3  

. 26 . 7 

CV 
% 

0 . 1 0 
2 . 5 7 
2 . 00 
0 . 3 3 

1 7 . 6 7 
0 . 8 3 

1 7 . 5 0 
0 . 1 7 
0 . 3 3 
0 . 40 
0 . 2 3 
0 . 1 0 
0 . 3 3 
1 . 8 7  
0 . 50 
0 . 2 0 
4 . 1 0 
0 . 5 7 
1 . 6 7  
0 . 26 
0 . 06 
0 . 3 3 

7 .  1 6  
2 . 00 

66 . 70 
1 . 00 
0 . 0 3 
0 . 60 

4 5 . 70 
4 . 97 
0 . 40 
9 . 3 7 
a . so . 

CP 
% 

0 . 0 5 
1 .  35 
1 . 05 
0 . 1 8 

9 . 26 
0 . 44 
9 . 1 7 
0 . 09 
0 . 18 
0 . 2 1  
0 . 1 2 
0 . 0 5 
0 . 18 
o .  98 
0 . 26 
0 . 1 1 
2 .  1 5 
2 .  97 
0 . 8 7 
0 . 1 4 
0 . 04 
0 . 18 

3 .  76 
1 . os 

3 4 . 95 
0 . 5 2 
0 . 02 
0 . 3 1  

2 3 . 94 
2 . 60 
0 . 2 1 
4 .  91 
0 . 42 

In plot  I I , the mo s s  Polytrichum commune dominate:; the 

cover propo r t ion with 3 9 . 8  % ,  it occurs on 8 6 . 7  % of the 

quadrats . S a l ix caprea compr i s=� 1 ? � 2
. � . ? �

.
t�e

.
t?t� l cover 

and ha s a c o n s tancy of 8 3 . 3  % .  Calamagrostis canescens ' 
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perc entage o f  the cover i s  1 3 . 4  and i t  i s  reg i s trated 

on 70  % of  the s amp l ed quadra t s . E s t ima tes o f  Agro s t i s  
tenu i s  and Potent i l l a e r e c t a  make 5 . 1  % and 4 . 3  % o f  the 

cover , respect ive ly ,  and have a cons tancy of 8 0  % and 

7 3 . 3  % .  : Alnus incana compr i s e:;  4 . 3 % of the 

cover , but occurs only on 1 0  % of the quadra t s , thu s exh ib it­

ing a con s i de rab l e  non-un i f o rm d i s t r ibution . 

In the young fore s t  p l o t  ( I I I ) , Alnus incana i s  the domi­

nan t spec ie s w i th 3 2 . 7  % of  the  tot a l  cover , the  constancy 

of the spec i e s  is 9 3 . 8  % .  The fern Athyr ium f i l ix - f e�ina 

is sub-dominan t , the corre sponding f igure s are 2 8 . 6  % and 

9 6 . 9  % . Dryopte r i s  carthus iana comp r i s es 7 . 7  % o f  t h e  to tal 

. cover , and has a r e l a t ive ly h igh cons tancy , 8 4 . 4  % . Sam­

bucus  rac emo s a , Prunu s padu s and Rhamnus frangu l a  a r e  the 

dominan t shrub spec i e s , the ir c ove r proport ion is 5 . 0  % ,  

4 . 9  % and 4 . 5  % respec t ive ly . Prunu s Eadu s occurs mo s t  regu ­

larly o f  the shrub spec ie s , i t  has a con s tancy of 6 2 . 5  % ,  

the o th e r s  about 4 0  % .  

In the f in a l  s tage , p l o t  IV , s t i l l  Alnus · 1ncana p redomi­

nantes with 3 4 . 9  % o f  the cove r , and a constancy of 9 6 . 7  % . 

The cove r propo rtion o f  Prunu s • padus has inc rea s e d  con­

s iderab ly , th i s  spec i e s  ha s 2 3 . 9  % and it is reg i s trated 

on a l l  quadra t s . The ove ra l l  pattern in the p l o t  is that 

Alnu s incana form> the ove r s tory and Prunu s padus the shrub 

layer . But  on a few sma l l  pa tche s in the fore s t , Prunu s 

Eadus i s  the c anophy- forming spec i e s . Under the dense 

crown s of  the l a tter , the shrub and f ield  layer are poorly 

deve loped . Athyr ium f i l ix - f emina and Dryopter i s  c arthu s iana 
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are s t i l l  dominat ing the herb l ay e r , they cont r ibute 

by 9 . 3  % and 9 . 2  % to the tota l cove r  o f  the p l o t , the ir 

cons tancy is 7 3 . 3  % and 9 6 . 7  % ,  re s pe c t ive ly . The cove r 
. . . . . . 

proportion o f  the subdominant shru b  spec i e s , Sambu c u s  

racemo s a , i s  n o t  to any gre a t  extent d i f f e re n t  f rom the 

prec eding seral  s tage . 

When s amp l ing cover e s t imate s for spec ies  in the shrub 

and tree l aye r w i th sma l l  quadra t s , the probab i l i ty of  

error is  p re s en t , e spec i a l ly whe n the spec i e s  are non­

uni formly d i s t r ibuted . KORSMO ' s  ( pe r s . comm . ) s p e c i e s  

cover e s t imate s in the s e  layer s in  1 0  quadr a t s  o f  2 0 0 - 4 0 0  

m2 in p lot  I I I  and IV , con f i rm the expec tation tha t the­

er ror in ave rage cover va lue s e s t imated by many sma l l ­

s i zed quadra t s  i s  s a t i s f a c to r i ly low in the s e  u n i f orm 

plots . 

Layers 

The deve l opme n t  o f  d i f ferent vege t a t ional s trata during 

the suc c e s s ion i s  i l lu s trated in  F ig .  3 ,  e s t ima te s o f  

cove r g iven in  Tab le  VI I I . T h e  cover va lue s are the 

mean cover of the layers  and are thu s not a f f ec ted by 

the spec i e s  ove rlapp ing cover w i th in the layer . The tota l 

cove r increa s es f rom 7 2  % in the i n i t i a l  s tage to about 9 6  % 

Tab l e  VI I I . Mean cover va lues and he ights of vege tation laye rs in 
suc c e s s ional s tage s . 

Number of quadrats 
Mean cover of ground laye.r ,  

I I  I I  I I  f i e ld I I  

I I  I I  I I  shrub I I  

I I  I I  I I  tree I I  

I I  total cover 
I I  he ight o f  f i eld layer , 
I I  I I  I I  shrub I I  

" I I  " tree I I  

I 

2 5  
% 1 3 . 7 
I I  6 7 . 2  
I I  0 . 8  
I I  

II 7 2 . 2 
m 0 . 5  
I I  1 . 1  
I I  . . . . . . . 

Plot . . 
I I  

3 0  
5 2 . 6  
3 8 . 0  
3 7 . 2 

86 . 3  
0 . 6  
2 . 0  

I I I  

3 2  

. . . . . .  

2 . 0  
56 . 7  
2 9 . 5  
5 1 .  7 
8 5 . 3  

1 . 0 
3 . 2  

1 0 . 9 ·  

IV 

3 0  
4 . 4  

4 2 . 5 
5 3 . 7  
8 5 . 0  
9 5 . 7  

0 . 8  
3 . 2  

1 2 . 8  
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50 70 

I V  

tota l 

t ree 

shrub 

f i e ld  

ground 
Yea rs 

P l o t  

F ig . 3 .  Mean cove r value s ( % )  o f  different vege tation layers 
in succe s s ional s tage s . 

in the final  s tage . The increa s e  o f  cover in the ground 

layer ( mo s s e s ) f rom 1 3 . 7  % to 5 2 . 6  % 1 0  years a f te r  abandone ­

ment i s  cons iderab l e . The mo s se s  cover only 2 % and 4 . 4  % 

of  the sur f a c e  in  p l o t  I I I  and IV respe c t ive ly . The f i e ld 

layer ( herb s ) deve l opment i s  r e s iproca l  to the mo s s  layer 

in the in i t i a l  s tage s o f  the suc c e s s ion , rang ing from 6 7 . 2  % 

cover  to 3 8  % .  The dec rement o f  the herb layer from 5 6 . 7  % 

cover in p l o t  I I I  to 4 2 . 5  in the f in a l  s t age -i s noteworthy , as  

we l l  a s  the c o in c iding inc rement o f  t h e  shrub layer  f rom 

2 9 . 5  % to 5 3 . 7  % cove r . The tree cover in the f in a l  s tage 

is con s iderab ly h igher than in the preceding s tage , the 

cover in p lot  I I I  is 5 1 . 7  % and in p l o t  IV 8 5  % ,  an inc rement 
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o f  about 3 3  % .  The average tree he igh t  i s  about 2 m higher 

in the f in a l  s t age . 

Growth forms 

Cons iderat ion of  re l a t ive contribu t i on s  o f  growth forms 

to commun i ty total cover  through succ e s s ion , provides  

ins ight into c omp e t i t ive interp lay b e tween p la n t  group s .  

The cover value s o f  spec ie s i n  ma j or growth forms are 

summar i z ed  ( Tab le I X  and F ig . 4 ) . The herb s  comp r i s e  

8 2 . 7  % o f  the total cover value s in i t i a l ly , b u t  the i r  

percen tage d i smin i she s  a s  t h e  o th e r  growth forms e s tab l i sh 

themse lve s a f te r  abandonement , the percentage i s  3 1 . 5 , 4 5 . 9  

and 2 4 . 7  in p lo t  I I ,  I I I  and I V , r e s pe c t ive ly . The forb s ' 

tot al  cover i s  f a i rly s tab l e  throughout the succ e s s ion ,  

vary ing from 6 % cover in the i n i t i a l  s tage to abo u t  1 0  % 

in the three l a te r  s tage s . The re l a t ive amount , however , 

decre ases monotonou s ly from 6 .  7 % i n  p l o t  I to 5 .  2 % in  plot  IV . 

The gramino ids are dominant s  within  the herb group i n  the 

f ir s t  two s ta ge s ,  the ferns dominate in the two l a s t  one s . The 

farmer ' s  amoun t of total cove r i s  7 5 . 9 % in p lot  I and 2 4 . 1  

% in p lo t  I I , the la tter comp r i s e s 3 7 . 7 % in p l o t  I I I  and 

Table IX . To ta l  cover value s of the spec i e s  in maj or growth forms 
dur ing succe s s ion . 

P lo t  I I I  I I I  I V  

Growth form 

Mosses 1 4 . 6 4 5 3 . 66 2 . 0 3 5 . 00 

Ferns 56 . 3 2 3 6 . 00 

Gramino ids 68 . 04 3 2 . 2 5 1 . 66 1 . 2 3  

Forbs 6 . 0 4 9 . 98 1 0 . 6 5 9 . 89 

Herbs total 7 4 . 0 8 4 2 . 2 3 68 . 6 3 4 7 . 1 2 

Shrubs and tree s 0 . 8 4 3 8 . 1 1  7 8 . 7 3  1 3 8 .  7 3  

Total 8 9 . 56 1 3 4 . 0 0 1 4 9 . 3 9 1 9 0 . 8 5 
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1 8 . 9  % in the final  s tage . Change s in re l a t ive contribut ion 

of woody spec i e s  are re s iproc a l  to the herb s . 1 0  years 

a f ter  abandonement shrub s are 2 8 . 4  % o f  total  cover , the 

correspond ing f igur e s  for shrub s and tre e s  in  the two f inal  

s tage s are 5 2 . 7 % and  7 2 . 7  % .  

150 

100 

so 

1 0 3 0  50 7 0  Years 
I I  I l l  IV P l o t  

Fig . 4 .  Total cove r value of the spec i e s  i n  ma j o r  growth forms 
during succ e s s ion . 

The mo s s  cover proport ion i s  con s ide rab l e  in the f ir s t  

s tage s o f  the succ e s s ion , the importanc e i s  m inor i n  the 

p l o t s  of l a te s t age s . In p l o t  I the mo s s e s  comp r i s e  1 6 . 4  % 

of the total cover , and rot l e s s  than 4 0  % in  p l o t  I I . The 
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inc rement i s  cau sed  by Polytr ichwn ·commune , demo n s trat ing 

the comp e t i t ive ab i l i ty of th i s  spec i e s  in e a r ly succ e s s io­

nal s tage s . 

Comp e t i t ion 

The compe t i t ion b e tween spec i e s  in d i f f erent growth forms 

is part ly recogn i z ed when c o n s ide r ing cove r va lue s o f  

d i f ferent vege tat ion al  layer s .  The speG i e s  o f  a part icular 

growth form are preva l en t  occuring in a spec i f ic l ayer , but 

among the woody spec i e s  exc eptions  are nume rou s ,  s ince many 

spec i e s  occur in two s trata . In Tab l e  X the corre l a t ion 

coe f f ic ients  between cove r value s of vegetat ional l ayers 

are l i s ted . The cover e s t imate s are the cove r of the layer , 

not the ove r l app ing- in f luenced e s t imat e s  when cover o f  a l l  

the spec i e s  i n  the l ayer a r e  comb ine d . No s igni f icant 

negative c orrelation between the mo s s  and he rb layer exi s t s  

i n  th e  ini t i a l  stage . The c orrelation coe f f ic ient between 

the s e  two layers is nega t ive , r = -0 . 6 2 6 , highly s ignifi­

cant , 1 0  years a f te r  abandonernent . The inf luenc e s  of  the 

invad ing shrub s are no t s ign i f icant detrime n ta l  to the herb 

l ayer cove r in thi s s tage , th e correlat ion i s  negat ive , but 

weak . I n  a mu l t ip l e  regre s s ion o f  the herb layer cover on 

the mo s s  and shrub layer cover as independent var iab le s  1 

and 2 ,  respec t ive ly , the shrub l ayer cover added no s ign i­

f icant inc r e a s e  in the exp l an a t ion of  the herb layer cover 

var i a t ion . The nega t ive corre l a t i ons  between the cover 

of the herb and the shrub l ayer in the two l a te succ e s s iona l 

stages sug g e s t  a comp e t i t i on b e twe en spec ie s in the se  two 

growth forms , between the f e rn s  and the woody spec i e s  of · 

the shrub . The corre l a t ion coe f f ic ients o f  r = - 0 . 5 0 5  and 
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Table X .  Corre lation coeffic ients between cover value s o f  vegetation 
layers ( in 2 m2 quadrats ) .  * * * and * *  denote s the s igni f i ­
cance leve l of  P < 0 . 00 1  and P < 0 . 0 1  r e spective ly , n = 
nwnbe r o f  quadrats . 

Plot n Layer FC SC TC 

I 2 5  GC -0 . 0 9 1  

II  3 0  II -0 . 6 2 6 * * *  

I I  30 FC -0 . 2 1 6  

III 3 2  II -0 . 5 0 5 * *  -0 . 0 9 7  

III 3 2  SC - 0 . 1 7 0 

IV 3 0  FC -0 . 6 4 8 * * *  

IV 3 0  S C  
. : . 

: 0 . 1 94 . 

Abbreviations : 
GC = ground ( mo s s )  layer cover 
FC = f ie ld ( herb s )  " " 

SC = shrub " " 

TC tree " " 

r = - 0 . 6 4 8 , both s ign i f icant , in p lo t  I I I  and IV r e s pe c t ive ly , 

further sugge s t  an inc reas ing comp e t i t i on betwe e n  spec i e s  

o f  the se categorie s with succe s s ional age . S ign i f i c an t nega ­

tive a s soc i ation ex i s t s  ne i ther b e twe en the herb and the 

tree layer nor be tween the shrub and tree layer . Add ing 

the tree layer cove r to the shrub l ayer cover in a mul i tp le 

regre s s ion o f  the herb layer a s  depende n t  variab le , no 

s ign i f icant add i t ional amount o f  var iat ion in the l a tter 

was exp l a ined . The decre a s e  in cove r value o f  the h e rb 

spec ie s  and the dec reas ing propor t i on o f  herb s in the two 

late s t  suc ce s s iona l stag e s  are thu s p r ima r i l y  accounted for 

by the incre a s e  o f  the shrub layer spec i e s . 

S patial  d i s tr ibut ion 

Correlation be tween constancy and cover proport ion of the 

spec ie s  in a comrnnu i ty is a rough me a sure of the un i f ormi ty or 

spatial  d i s tr ibut ion o f  the spe c i e s  throughou t the p l ot . 
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When cons ide r ing the spec i e s  comp r i s ing more than 1 % o f  

the total cove r value , the corre lation coe f f i c i ent i s  for 

plot I ,  r = 0 . 7 0 6  (P  < 0 . 0 1 ) , for plot I I , r = 0 . 4 6 3  

( P  < 0 . 1 5 ) , for p lot  I I I , r = 0 . 6 9 7  ( P  < 0 . 0 2 )  and for 

plot IV , r = 0 . 6 7 4 ( P  < 0 . 0 2 ) . C l early , t h e  d i s t r ibut ion 

of  the common p lant spec ie s are most un i form in p l o t  I .  

The corre l a t ion b e twee n · con s t ancy and cover proportion 

i s  somewhat we aker in  the two f in a l  s t age s , ind i c a t ing 

a re lative ly mor e uneve n  spe c i e s  d i s t r ibution . The 

corre l at ion on p lo t  I I  is we ak and not s igni f icant . The 

spec ie s in th i s  commun i ty thu s d i sp l ay a irregu l a r , p atchy 

spatial  d i s t r ibut ion , as inde ed ob serve red in the shrub 

spec ie s .  The mo s a ic p a t tern mCE.t l ikely  r e f l e c t  the d i s ­

pers ion s trategy o f  the spe c ie s . 

4 . 1 . 2 . D ive r s i ty 

Flor i s t ic d iver s i ty 

The re l a t ion b e twee n number  o f  spe c i e s  and number o f  

quadrats i s  tab u l ated i n  Tab le X I . and i l lu s trated i n  F ig . 

5 .  The ove ra l l  coarse  o f  the curve s i s  increased a t  a decreas ing 

rate . When compar ing the p l ot s , howeve r ,  it is evide n t  from 

the s lope and p l a teauning leve l s , that the spec i e s  r ichne s s  

differ . Howeve r , v i s ua l ly i t  i s  d i f f icu l t  t o  d i s t ingu i sh 

some of  the s e  curve s f rom each othe r  s at i s factor i ly . The 

regre s s ion equa t ion s of cumu l a t ive numb e r  of  spec ie s on log 

number of quadr a t s , together with the coe f f icient  of de termi­

na tion ( R2 ) are l i s ted in Tab l e  X I I . The f lori s t ic diver-

s i ty ind i c e s  ( FD ) , i i te ra l ly the s l ope s ( b 1 ) ,  are te s ted for 

differenc e s . When considering all  spec i e s , the dive r s i ty 

indice s  are d i f feren t , exc ept for p l o t  I and IV . The s ig­
nif icance l eve l in a two-tai led t - te s t  for plot II  and I I I , 

P < 0 . 0 0 5 ,  i s  the we ake s t ,  the other s ign i f icance leve l s  are 

cons iderab ly sma l ler (P < 0 . 0 0 0 1 ) .  
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The corre sponding te s t s  for the ind i c e s  o f  the va scular 

spec i e s  conf irm the expectat ion that all  the indice s d i f fer , 

h igh ly s ign i f icant . 

Even i f  the flor i s t i c  d iver s i ty ( b 1 in Tab le X I I ) i s  not 

d i f ferent in s tage I and IV , the spec i e s  den s i ty ( b 0 = 

intercept in Tab le X I I ) i s  s ign i f ica nt ly h ighe r in p l o t  I 

( P  < 0 . 0 0 7  in  a one - ta i led  t - t e s t ) . 

Table X I . Number of accumulated p lant spe c i e s  per quadrate number 
( Me an 5 random s equence s of  quadrate samp l e s ) .  

Quadrate no . P lot 
I I I  I I I  IV 

1 1 0 . 8  1 0 . 0  7 . 0  8 . 4  
2 1 6 . 6  1 3 . 0  1 0 . 8 1 2 . 0  
3 1 9 . 0  1 7 . 2  1 4 . 4 1 4 : 4  
4 2 1 .  6 1 9 . 6 1 7 . 0  1 6 . 6  
5 2 2 . 4  2 2 . 8  1 8 . 4 1 8 . 0  
6 2 4 . 0  2 5 . 2 2 0 . 6  2 0 . 0  
7 26 . 2  2 9 . 2  2 3 . 2  2 2 . 0  
8 2 7 . 6 3 0 . 6  2 5 . 4  2 2 . 8  
9 2 8 . 6  3 1 . 8 2 7 . 0  2 3 . 8  

1 0  2 9 . 2 3 2 . 2  2 8 . 5  2 4 . 6  
1 1  2 9 . 6  3 2 . 8  2 9 . 2 2 5 . 2  
1 2  3 0 . 6  3 3 . 4  3 0 . 4  26 . 0  
1 3  3 1 . 0  3 4 . 6  3 1 . 6  2 7 . 0  
1 4  3 2 . 0  3 5 . 4  3 2 . 0  2 7 . 2  
1 5  3 2 . 8  3 6 . 0  3 2 . 6  2 7 . 6  
1 6  3 3 . 2  3 6 . 4  3 3 . 4  2 8 . 4  
1 7  3 3 . 4  3 7 . 2  3 3 . 8  2 8 . 6  
1 8  3 3 . 8  3 7 . 4  3 4 . 8  2 8 . 8  
1 9  3 4 . 2 3 8 . 2 3 5 . 2 3 0 . 2  
2 0  34 . 8  3 8 . 8  3 5 . 4  3 0 . 8  
2 1  3 5 . 4  3 9 . 0  3 5 . 8  3 1 . 8  
2 2  3 5 . 6  40 . 2  3 6 . 2  3 1 . 8  
2 3  3 6 . 2  4 1 . 0  3 6 . 6  3 1 . 8  
2 4  3 6 . 4  4 2 . 0  3 6 . 8  3 2 . 0  
2 5  3 7 . 0  4 2 . 0  3 6 . 8  3 2 . 0  
26  4 2 . 2  3 7 . 6  3 2 . 2  
2 7  4 2 . 6  3 8 . 2  3 2 . 2  
2 8  4 3 . 2  3 8 . 6  3 2 . 2  
2 9  4 3 . 6  3 8 . 6  3 3 . 0  
3 0  4 4 . 0  3 8 . 8  3 3 . 0  
3 1  3 8 . 8  
3 2  3 9 . 0  
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Table X I I . R e gre s s ion equations of cumulative number o f  spe c i e s  ( y )  
and l n  number o f  quadrate s ( x ) , y = b0 +b 1 x ,  i n  suc c e s io­
nal s tage s . R 2 = coe f f i c ient of de termination i . e .  the 
proportion of the v-variation exp l a ined by x .  

P lot 

rll I .µ 
.-1 i::: I I  .-1 nS I I I  ,:I; ..... � IV 

M I nS Cll ...... .µ I I  ::J i::: 0 nS I I I  Cl! ...... nS � IV > 

s 

40 

30 

20 

10 

5 10 

b o 

1 0 . 0 0 2  
5 . 2 3 3  
2 . 76 8  
5 . 6 2 3  

8 . 4 9 2  
4 . 60 3  
3 . 6 1 7  
3 . 80 5  

15 20 

b l 

8 . 2 9 5  
1 1 .  3 8 3  
1 0 . 7 8 6  

8 . 2 1 0  

4 . 7 8 6  
1 0 . 1 7 1  

9 . 8 3 7  
7 . 5 4 7  

25 

R 2 

0 . 996 
0 . 99 2  
0 . 9 9 1  
0 . 99 5  

0 . 994  
0 . 9 9 6  
0 . 99 3  
0 . 9 9 4  

30 n 

• 

Fig .  5 .  Accumul ated number of spe c i e s  ( S )  in relation to number o f  
samp led quadrats (n )  in four suc c e s s ional stage s ( p lo t I 
through IV)  • Every th ird point from T ab l e  XI and the 
f i t t e d  r e g r e s s i o n  l i n e s  ( T ab l e  X I I )  i s  g i v e n . 
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The ab i l i ty o f  the samp l ing me thod and calcu l a tions  o f  

the flor i s t ic r ichne s s  i s  te s te d  when comparing pre d i c ted 

and independe n t l y  ob s e rved numb e r  of spec i e s  on a c e r t a in 

area . In  p l o t  I I , on 1 0 0 m2 in  a continua l l y  tran s e c t  a t  

right ang le to t h e  we t-dry grad ie n t , i t  wa s reg i s tr a ted 

49  spec ie s ( VALLAND 1 9 7 8 ) . The predicted number of spe c i e s  

on 5 0  quadr a t s  e a c h  2 m2 according t o  the regre s s ion 

equation is  4 9 . 7 6 .  KORSMO ( pe r s . comm . ) reg i s trated 5 9  

spec ie s o n  s amp le square s o f  2 0 0 - 4 0 0  m2 , tota l ly c ove r ing 

1 2 0 0  m2 , in p lo t  I I I . The regre s s ion predicted number o f  

spec ie s i s  7 1 . 7 7 ,  a c le ar ove re s t ima t ion . When comp i l ing 

the spec i e s  o f  KORSMO ' s  sanpling and the present s tu dy , 

howeve r ,  the pred i c ted number  i s  in accordance w i th the 

ob served 7 2 . 3 3 and 7 2 , respect ive ly .  In  p l o t  I V , KORSMO 

found 5 8  spec ie s on s amp le squar e s  o f  s i z e s  equal  to the 

preceding p lo t , total ly 1 2 0 0  m 2 • The predicted number of  

spec ie s i s  5 8 . 1 4 .  When comp i l ing h i s  data and data from 

the pre sent s tudy , the obs erved numb e r  i s  6 6  and the pre­

dicted 5 8 . 5 4 ,  the regre s s ion l ine undere s t imates the num­

be r of spec ie s . When con s ider ing the s e  d i s crepanc i e s , 

the d i f ferent s amp l ing me thods mu s t  be kept in mind . KORSMO ' s 

samp l ing i s  conform to the Br aun-B l anque t t ra 1 i t ion , h i s  wo rk 

be ing a for e s t- s oc iolog i c  s tudy . The loc ation o f  s amp l e s  i s  thu s 

cho sen in homogenous , typ ica l s tand s within the p l o t . An exten­

tion of  number of s amp led qu ad ra t s  in the pre s e n t  s tudy mo s t  

l ike ly wou l d  n o t  c hange the p ic ture . When computing 

regre s s ion equ a t ions  on 1 5  quadr at s ,  the  intercept and the 

s lope are not cons iderab ly changed . The d i f ferenc e s  be-

tween observed and pred i c ted va lue s mu s t  thu s probab ly be 

attributed to me thodi c a l  d i f ferenc e s  in s i te s e l ec t ion 

and ab i l i ty of  d e t e c t ing spec ie s r ichne s s . The ove r a l l  

pattern i s , however , a f a i r l y  good congruency in f igure s 

obta ined by the s e  three samp l ing me thod s . 



- 7 1 -

The trend in the f l or i s t i c  d ive r s i ty index ( FD )  throughout 

the suc ce s s ion is a r e l a t ive ly low d ive r s i ty ,  but rap i d  

inc rea se in  t h e  in i t i a l  s tage s , f o l lowed by an intermediate 

per iod with h igh f lor i s t i c  d ive r s i ty ,  decre a s ing but a t  a 

low rate (T ab l e  X I I I  and F ig . 6 ) . I n  the terminal s tage 

of the succe s s ion , the f l or i s t i c  dive r s i ty is low , the 

decrement from plot I I I  to IV  is f a s te r  than in  the inter­

mediate s tage s . 

The spe c i e s  den s i ty ( i . e .  predicted numb e r  o f  spec i e s  per  

5 0  and 1 0 0 m2 ) exh ib i t s  t h e  s ame overa l l  trend-pa ttern a s  

FD . However , the spe c i e s  den s ity i s  h ighe r i n  s tage I than 

in s tage IV . 

Table XI I I . P lant communi ty indi c e s  in . succe s s ional stage s . 

P l o t  

I I I  I I I  IV 

Number of quadrats 2 S  3 0  3 2  30 
Total number o f  spe c ies , S 3 7  4 4  3 9  3 3  
Flor istic dive r s i ty ,  FD I l )  8 . 2 9 S  1 1 .  3 8 3  1 0 . 786 8 . 2 1 0 

" " FD r r 2 )  4 . 7 8 6  1 0 . 1 7 1  9 . 8 3 7  7 . S 4 7  
Specie s per SO m2 36 . 7  4 1 . 9 3 7 . S  3 2 . 1  

" " 1 0 0  I I  4 2  s o  4 7  3 9  
Species cover proportion 
divers i ty PPD I 1 ) 2 . 1 S 7 2 . 09 8  2 . 1 0 6  2 . 0 7 6  

I I  PPD r r 2 )  1 . 7 3 7  2 . 3 4 8  2 . 0 S S  1 . 98 1  
Species evenne s s  PJ ' O . S 9 7  O . S S 4  S . S 7 S  0 . 6 1 9  

" Elominance PD O . S6 4  0 .  S6 1 0 . 6 1 3  O . S89  

1 ) I = a l l  plants 
2 ) II  = vascular p lants only . 

It i s  no teworthy tha t the f l or i s t ic d ive r s i ty in the i n i t i a l  

stage , the mown , we t meadow , i s  o f  the s ame magn i tude a s  i n  

the c l imax s tage , a n  o l d  Alnu s incana- fore s t , and that the 

spec ie s den s i ty is h igher  in the me adow than in the termi­

na l  fore s t  s tage . 
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F ig . 6 .  P l an t  community diversity in succes s ional s tage s . 

FDI =  floristic dive r s i ty a l l  spe c i e s  
" I I =  " " vascular spec i e s  

PPDI = spec i e s  cover proportion diversity , a l l  spe c i e s  
" I I = " " " " , vascul a r  spec ies . 

When cons ider ing the va scular p l an t s  on ly , the d i f f erence 

between the f i r s t  and the l a s t  s tage of  succ e s s ion is s ig­

n i f icant , due to the large number  of mo s s  spec i e s  in the 

former . The f l or i s tic  d iver s i ty trend in the three l a s t  

stage s , however , conforrns to the p i c ture f o r  a l l  spec ies :  
a s l igh t  dec l ine in  d ive r s i ty . 

Spec ie s cover proport ion diver s i ty ( P PD ) . 

The cove r proport ion dive r s i ty appears  to de c l ine through 

succe s s ion , the direct ion of change ne i ther i s  c l ear nor 
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extens ive ( Tab l e  XI I I  and F ig . 6 ) . The s omewh a t  " unexpec ted " 

re su l t , tha t th i s  commu n i ty inde x o f  d ive r s i ty ( PPD ) on 

average is  lower in the later s tage s than in the i n i t ia l , 

is par t l y  exp la ined by the dominance s truc tu re  in  the com­

muni t ie s . The dominanc e of the two mo s t  common spec ies  

is higher in p lo t  I I I  a n d  IV  than in the  prec ed ing ( F ig .  8 ) , 

howeve r ,  not s ign i f ican t  ( P  < 0 . 0 8 5  in a one - t a i led t - t e s t ) . 

The PPD- index i s  re l a t ive ly  mo s t  i n f luenced b y  the abundance 

of the dominan t spec ie s . When c a l cu l a ting the index on ly 

on spec i e s > 1 % cove r ( CV ) , the index-value for p lo t  I i s  

reduced w i th 1 4 . 5  % and number o f  spec i e s  w i th 6 7 . 6  % ,  the 

corresponding f igure s is 1 0 . 3  % and 7 0 . 5  % for p l o t  I I , 9 . 8  % 

and 6 4 . 1 . for p l o t  I I I , 8 . 6  % and 5 7 . 6  % for  p l o t  IV . Con­

trary to the f lor i s t i c  index , the cove r p ropor tion d ive r s i ty 

index i s  samp le - s i z e  depende n t . To i l lu s tr a t e  th i s  re l �tion , 

the PPD- index i s  p lo t t e t  aga in s t  numb e r  o f  quadrats in F ig . 7 . 

It  i s  a s sumed that the e rror in the ind i c e s  f o r  the suc ce s s io­

na l s tage s in the pre s e n t  s tudy is  not s e r ious  for the ac tual  

number  o f  quadrats  the indice s are based on . 

P PD 
2 . 5  

2.0 

1 5  

5 1 0  1 5  2 0  2 5  n 

Fig . 7 .  P lant spec ies  cover proport ion ( PPD ) and numb er o f  quadrats ( n )  
in p lot I .  
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F inal ly , the e s t imate s o f  the p l a n t  spec ies  cover pro­

portion d iver s i ty ( PPD ) do not support a c l ear s ta t ement 

of  d i s t in c t  dire c t iona l ly change dur i ng the suc c e s s ion , 

yet , the data sugge s t  a s l igh t dec rement . The divers i ty 

index c a l cu l a ted for the va s c u l a r  spec i e s  only , exh ib i t  

a trend through the succ e s s ion , to some degree. congruent 

with the f l or i s t ic d ive r s ity index ( FD ) . Al though , the 

decrease in the two late s t  s tage s are l e s s  pronounced . 

Evenne s s  

The evenne s s  ( PJ ' ) o f  the p lant commun i t i e s  evidently  doe s 

no t con form to any hypoth e s i s  o f  mono tonou s ly increas ing 

evenne ss through the suc c e s s ion ( Tab l e  XI I I  and F ig . 8 � . 

The evennesa e s t imat e s  of  the in i t i a l  and the f inal  s tage 

are s ign i f ican t ly the h ighe s t ,  the intermed iate s tage s 

appear to have the mo s t  uneven commun i ty ( P  < 0 . 0 0 5 in 

a one - t a i led t - t e s t )  . 

o� 

Q60 

U55 

PJ ' 

PD 

1 0  30 5 0  7 0  Years 

11  1 1 1  I V  P l ot 

F ig . 8 .  Plant communi ty dominance ( PD ) and evenne ss ( PJ ' ) in 
success ional stage s . 
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Evidently , the evenne s s  i s  h igher in the c l imax commun i ty 

than in the inte rmed iate s tage s , and the re i s  a trend o f  

incre a s e  dur ing the thr ee l a s t  s tage s . As  expe c ted by 

de f in i t ion o f  the dominance and evenne s s  indic e s , the i r  

coar s e  of  direct ion i s  inver s e , but the p ic ture i s  n o t  

clear in p l o t  I I . 

The plant c ommun i ty s tructure i nd i c e s  are t e s ted for corre­

lations . Only two indic i e s  are . s ign i f i cantly corre l a ted . 

Flor i s t ic d iver s i ty ( FD )  i s  weakly nega t ive ly corre lated to 

plant spec i e s  evenne s s  ( PJ ' ) r = - 0 . 9 3 8  ( P  < 0 . 0 6 2 ) . Thi s  

re su l t  i s  not unexpe c ted , s ince both ind i c e s  b y  de f in i t ions 

are con s iderab ly more a f f e c ted by the rare spec i e s  than the 

othe r indice s .  The f lor i s t ic dive r s i ty index is coun t ing 

spec ie s whe the r abundant cove r or not , and the evenne s s  

component o f  spec ie s d ive r s i ty i s  reduced proportiona l ly 

to the loga r ithm of the numb e r  o f  s amp led  s pe c ie s . The 

flor i s t i c  d ive r s i ty of vascular p lant spec ie s ( FD I I ) i s  

po s it ive ly c orre lated t o  the va scular spec i e s  cover pro­

port ion d ive r s i ty ( PPD I I ) , r = 0 . 9 0 5 ,  however not s ignif i­

cantly (P  < 0 . 1 ) . The s im i l ar trend through succ e s s ion 

in _ the s e  p l ant d ive r s i ty indic e s  is ne i ther s igni f icant 

nor po s it ive whe n a l l  p l ant spec ie s are cons idered . The 

re la t ive ly h igh mo s s  propo r t ion in the early succe s s iona l 

stage s i s  the prox imate f a c tor in the ob s e rved va s c u l ar 

spe c i e s  indice s s imilar i ty , thu s giving a more  " expe c ted " 

re s u l t . The flor i s t ic d ive r s i ty index and the cover pro­

portion spec ie s diver s i ty are mea sur ing d i f ferent a spec ts  

of the commun i ty s truc ture . The  forme r is  a spec i e s  r ich­

ne s s  index , and the l a t te r  a spec ie s abundance index con­

s ide rab ly a f fected by the dominant s pe c i e s  ( PEET 1 9 7 5 , 

KEMPTON & TAYLOR 1 9 7 6 ) and i s  thu s the equ i t ab i l i ty component 

o f d ive rs ity . 
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4 . 2 .  Hab itat  s tructure 

4 . 2 . 1 . Fol i age  pro f i l e s  

The he igh t s  and den s i t i e s  o f  f o l i age i n  the four p l o t s  are 

presented in  Tab le  XIV and f o l iage pro f i l e s  of the succe s s io­

nal s tage s in F ig . 1 0 .  In the i n i t i a l  s tage , the ab sence 

of shrub s and tree s forms  an extreme ly s imp l e  hab i ta t . 

Table XIV . Vegetation dens i ty ( number of sample points with vegetat ion 
contac t s  per 1 00 point s )  in height interval s i n  succ e s s io -
nal s tage s . 

S tage 

m I I I  I I I  IV 

1 6  0 . 3  
1 5  0 . 8  8 . 8  
1 4  7 . 0  2 7 . 1  
1 3  6 . 2  24 . 8  
1 2  1 5 . 0  2 5 . 7  
1 1  1 7 . 1 2 7 . 7  
10  2 3 . 1  3 5 . 6  

9 2 9 . 8  3 4 . 4  
8 3 8 . 3  2 5 . 4  
7 2 7 . 5 1 8 . 4  
6 3 0 . 8  2 7 . 7  
5 26 . 9  20 . 4 
4 2 4 . 9  34 . 7  
3 1 3 . 2  2 9 . 3  5 2 . 2  
2 4 7 . 0  3 4 . 2  70 . 9  

0 . 5- 1 1 2 . 5  46 . 8  6 7 . 4  8 9 . 2 
< 0 . 5 8 7 . 5 8 7 . 0  40 . 7  5 7 . 7  

Invading shrub spec i e s  in p l o t  I I , thu s have pronounced e f fects  

on  the struc tur a l  comp lexi ty , forming a mo s a i c  p a ttern of  shrub s 

and open space . 1 0  year s a f ter  the area wa s abandone d ,  the 

he igh ts of the ma j or i ty o f  the shrub s are s t i l l  be low 3 m ,  but 

some of the shrub individua l s  are h ighe r than 3 m .  In the young 
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m m 

Plot  I Plot  I I  

5 5 
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P lot I l l  Plot IV 

10 1 0  
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Fig . 9 .  Vegetat ion dens i ty prof i l e s  for succe s s ional . stage s  ( number 
of samp le points with vegetation contacts per 1 00 samp le 
points ) . 
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1 00 
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fore s t s tage , from 1 to 7 m above ground leve l the f o l iage 

den s i ty i s  fairly un i form due to th e poo r l y  deve loped shrub 

layer . A d i s tinc t den s i ty peak appears a t  the 7 - 8  m he ight 

leve l and a monotonous ly den s ity dec l ine towards the top o f  

the crown l ayer . T h e  ma j or i ty of  the ove r s tory tree he igh t s  

are 1 2 - 1 3 m .  The  den s e  and luxurian t herb l ayer , and  the c rown 

layer form a typ i c a l  d i - l ayered hab i t a t . 

In the old  fore s t , the f o l iage den s i ty pro f i le d i f f e r . Even 

if the luxuriancy o f  the herb s  are far exceeded in the precedent 

plot , the fol iage in the 0 - 1  m he ight l eve l is den s e r  in . plot 

IV , due to  nume rou s contac t s  of  the shrub spec i e s  f o l iage . The 

shrub layer ( <  4 m )  is di s tinct and h ighly deve loped and forms 

a con s ide rab le  amount of  the fol iage vo lume in the fore s t . In  

the he ight leve l o f  4 - 7  m,  the den s i ty is  l owe r . The crown 

layer is  charac ter i z ed by i t s  h igh den s ity , uni form i ty and 

depth , f rom 8 to 1 3  m above ground leve l . 

The overa l l  pattern in deve lopment o f  the hab i t a t s  throughout 

the succ e s s ion i s  the inc reas ing s truc tural comp l ex i ty . The 

s imple , mono l ayered gra s s l and hab i tat in the in i t i a l  s tage , 

deve lop s through tran s i t ion s tage s o f  a d i l ayered , prefore s t  

shrub hab itat to a d i l ayered fore s t  and f in a l ly a den s e , tri­

layered fore s t  hab i ta t . 

4 . 2 . 2 .  Den s i ty and d ive r s i ty 

Den s i ty e s t imate s obta ined in the tran s e c t  s amp l ing and cove r 

value s from the quadrat samp l ing are pre s ented in Tal:.les XV and 

XVI re spec t ive ly . The den s i ty e s t imat e s  are s tr a t i f ied in 
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two d i f feren t way s to c a lculate ind i c e s  f o l iage he igh t 

dive r s ity ( FHD ) and vege tation s trata d ive r s i ty ( VSD ) . 

All habitat s tructure ind ice s emp l oyed in  the p r e s e n t  s tudy 

are l i s ted in Tab le  XVI I . 

Table XV . Number of sample points with foliag e  contac t s  in s trata . 

S tudy p lo t  

Strata I I I  I I I  IV 

0 - 0 . 6  m 3 3 7  3 1 9  1 4 9 1 74 
0 . 6  - 6 . 0  m 6 1 79 3 5 8  3 1 0 

> 6 . 0  m 0 0 3 0 9  296 

Total 3 4 3  498  8 1 6 ' 780 

Field 3 3 7  3 4 8  3 5 1  2 0 2  
Shrub < 3 m 6 1 8 9 1 6 9 2 7 3  
Tree . · > 3 m 0 0 3 5 5  )J 7 

Total 3 4 3  5 3 7  . . . 8 7 5  · 7 9 2  

Total number of samp le points 3 4 3  3 5 5  3 8 6  3 4 3  

Table XVI . Mean c over value s in 2 m2 quadrate s . 

S trata S tudy p lot 

I I I  I I I  IV 

Field laye r 0 . 6 7 5  0 . 3 8 7  0 . 5 7 1  0 . 4 2 5  
Shrub layer < 3 m 0 . 00 7  0 . 3 6 3  0 . 2 94 0 . 5 3 7  
Tree layer > 3 m 0 0 0 . 5 1 4  0 . 8 1 2  

Tota l  0 . 68 2  0 . 7 5 0  1 .  3 7 9  1 .  7 74 

Number of quadrate s 2 8  3 1  3 3  2 8  

The · to tal vege tation den s i ty ( TVD )  growth in the succe s s ion i s  

loga ri thmic ,  a rap id inc re a s e  i n  the in i t i a l  s tage s and an 

increa s e  at decreas ing rate in the l a t e r  s tage s . The shrub 

and tree den s ity ( STD ) growth in the second ha l f  of the succ e s -
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sion i s  more p e r s e ver ing than the former , due to the dec l ine 

in f i e ld layer den s i ty ( herb s ) a component of the total den­

sity e s t imate ( F ig . 1 0 ) . 

Table XVI I . H ab i ta t  s truc ture indices  

Stud;L 2lots I I I  I I I  IV 

Foliage height dive r s i ty FHD . 0 . 08 8  0 . 6 5 3  1 . 040  1 . 06 9  
Vegetation strata diversity I VSD I 0 . 08 8  0 . 64 9  1 . 0 50  1 .  08 2 

" " " I I  VSD I I  0 . 08 8  0 .  35 5 0 . 5 2 5  0 . 566 
Total vegetation den s ity TVD 1 . 0 00 1 .  5 1 2  2 . 2 6 7  2 . 3 0 9  
Shrub and tree layer den s i ty STD 0 . 0 1 7  0 . 5 3 2  1 . 3 5 8  1 . 7 2 0  
Field layer dens i ty FLD 0 . 98 3  0 . 98 0  0 . 90 9  0 . 58 9  
Total vegetation cover TVC 0 . 68 2  0 . 7 5 0  1 . 3 7 9  1' :  7 7  4 
Shrub and tree layer cover STC 0 . 00 7  0 . 3 6 3  0 . 808  1 .  3 4 9  
Field laye r cover FLC 0 . 6 7 5  . . 0 . 3 8 7  · : · · o . s 1 1 · : :  . . . 0 . 4 2 5  

The developmental coarse o f  the d i ve r s i ty ind i c e s  ( FHD , VS D )  

fol low tota l v egetat ion dens ity to a h igh degree . On that 

accoun t , h igh corre lat ion betwe en den s i ty and dive r s i ty e s t i ­

mate s i s  expec ted . 

Al l corre lat ion s between the divers i ty ind ic e s , b e tween the s e  

and to ta l den s i ty ( TVD ) or  shrub and - tree den s i ty ( STD ) are 

rang ing from 1 . 0 to 0 . 9 2 ,  a l l  s ign i f icant . ( Tab l e  XVI I I ) : 

None o f  the corre l a t ions b e tween the diver s i t y  

indic e s  and the den s ity o f  the f ie ld l a y e r  a r e  s ign i f icant . 
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Fig . 1 0 . Vege tation den s i ty of layers and hab i tat s trata diversity in 
succe s s ion . 

TVD = total vegetation den s ity 
STD = shrub and tree layer den s i ty 
FLD fie ld layer den s i ty 
FHD fol iag e height dive r s i ty 

VSD I I  vegetation strata dive r s i ty 

Eviden tly , the vegetation s trat i f ic a t ion o f  0 - 0 . 6  m ,  0 . 6  - 6 . 0  m 

and > 6 m ,  the ba s i s  for calcu l a t ion of  the f o l iage he ight d ive r ­

s ity ( FHD ) , i n  the hab i ta t s  of  th i s  s tudy , c a u s e d  n o  s ign i f icant 

different divers i ty e s t ima te s compared to a s tr a t i f ication of  

herb s , shrub s < 3 m and tree s > 3 m .  
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Tab le XVI I I . Corre lation matrix o f  hab i tat s tructure indic e s . P i s  the 
s ign i f i c ance leve l . 

FHD 

r p < 

VSD I 1 . 0 
VSD II  0 . 9 9 9  0 . 00 1  
TVD 0 . 98 2  0 . 0 2 
STD 0 . 9 5 6  0 . 0 5 
FLD -0 . 5 8 0  0 . 3 6 

VSD I 

r p < 

0 . 99 9  0 . 00 1  
0 . 98 4  0 . 0 2 
0 . 9 2 0  0 . 0 5 

-0 . 646 0 .  36 

r 

0 . 98 1 
0 . 964 

-0 . 69 

VSD I I  

p < 

0 . 0 2 
0 . 0 5 
0 . 3 2 

The se high corre l a t io n s  b e tween dens ity and d iver s ity ind i c e s  

sugge s t  tha t the s e  d i f f erent indic e s  a r e  equal  i n  ab i l i ty to 

mea sure the magn i tude of hab i ta t  s truc ture var i a t ion in the 

sere , the equa l ity proportional to the corre l a t ion . 

When compar ing the den s ity and the cove r value e s t ima te s , the 

indic e s  of the shrub and tree layer s corre late  c lo s e s t  r = 0 . 9 8 

( P  < 0 . 0 2 1 ) .  The corre l a t ion betwe en total vegetation dens i ty 

( TVD )  and total  veg e ta t ion cover ( TVC )  i s . h igh ( r  = 0 . 9 2 )  but 

not s ign i f ican t ( P  � 0 . 0 8 ) . The de s c repancy i s  c au s e d  by the 

field laye r componen t in the indic e s , the latter i s  uncorre­

la ted ( r  = 0 . 4 2 ) . Evidently , the f ie ld l aye r e s t imate s of the 

cover e s t imate me thod and the dens i ty me thod are the lea s t  

comparab le . 
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4 . 3 .  B i rd commun i ty 

4 . 3 . 1 . Compo s i t ion 

The e s t ima te s of the breeding popu l a t ions den s i t i e s  of  the 

stag e s  in the succe s s ion a l  s e re are l i s ted in T ab l e s  XIX 

through XXI I . 

Spec ie s 

In the open , wet ,  gra s s land hab i ta t  in the i n i t i a l  stage � 

Alauda arven s i s  i s  the dominant spe c ie s . The wader spec ie s 

may be  cons idered indicator spec i e s  in th i s  hab itat , s ince 

Vane l lu s  van e l lus , Ph ilomachu s pugnax and Numer iu s  arquata 
are the mo s t  hab i ta t  spec i f ic spec i e s  in th i s  p lo t , the ir 

occurence d e f initely  dependent on the  hab i t a t  management . 

Mo tac i l la f lava and Emb e r i z a  schoen ic l u s  are conf ined to 

the early s e ra l plot s . The latter  i s  dominat ing the shrub 

hab i ta t  of p lot I I  and h a s  i t s  
·
popu l a t ion den s i ty maximum 

here . Toge ther with · carpodacus erythr inu s , i t  i s  the mo s t  

typ ic a l  spec ies  o f  th i s  hab itat . The appearan c e  o f  denser 

and ta l l er  shrub patche s within the p l o t  mee t s  t h e  hab itat 

requ iremen t s  of  a number  o f  spec i e s  o f  the warb ler group: 

Tab l e  XIX . Number of terr i to r i e s  on plot I ,  Arne s tangen , 3 2  ha 

Spec i e s  . . . 1 9 78  . 1 9 7 9 " · Mean · · 

Vanel lus van e l lus 3 . 2 5 2 . 5 0 2 . 8 7 5  
Philomachus pugnax 2 . 50 2 . 00 2 . 2 5 0  
Numenius arquata 2 . 00 2 . 00 2 . 000 
Gal l inago gallinago 1 . 00 1 . 00 1 . 000 
Alauda arvens i s 2 3 . 00 1 5 . 00 1 9 . 000 
Motac i l la f lava 5 . 5 0 3 . 2 5 4 . 3 7 5  
Emberiza schoenic lus 6 . 5 0 5 . 50 6 . 000 

Total number " 4 3 . 7 5 .
. 

3 1 . 2 5  3 7 . 500 
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Table XX . Number of terri tor i e s  on plot I I , Kusand , 1 1 . 5  ha 

Species 
Anas platyrhyn chos 
Alauda arvens i s  
Motac i l l a  alba 

" flava 
Acrocephalus s c irpaceus 
Hippo lais icte rina 
Sylvia borin 

II commun i s  
Phylloscopus trochi lus 
Saxicola rube tra 
Turd us merula 
Carpodacus erythr inus 
Emberiza c itrin e l l a  

" schoenic lus . . . . . 

Total number 

. . 

1 9 7 8  

0 
0 . 5  
1 . 0 
3 . 0  

0 
1 . 0 
3 . 0 
1 . 5 
8 . 0  
3 . 0  
1 . 0 
3 . 5 
1 . 0 

: · 2 i . o 

4 7 . 5  

1 9 7 9  

1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0  
1 . 0 
3 . 5  

0 
9 . 5  

0 
0 

1 . 0 
1 . 5  

. . . .  : . 2 1 . 5 . 
. 

. . . . . . 

4 3 . 0  

Mean 

0 . 5  
0 . 7 5 
1 . 00 
2 . 00 
a . so 
1 . 00 
3 . 2 5 
0 . 7 5 
8 . 7 5 
1 . 50 
a . so 
2 . 2 5 
1 . 2 5  

2 1 . 2 5 

4 5  . .  2 5  

Table XX I . Number of terr i tories  on . p l o t  I I I , Kusand , 1 2 . 5  ha 

Species 1 9 7 7  1 9 7 8  Mean 

Columba palumbus 3 . 5  7 . 0  5 . 2 5 
Dendrocopus minor 1 . 0 1 . 0 1 . 00 
Prun e l la modular i s  1 . 0 1 . 5 1 .  2 5  
Hippo lais icterina 4 . 0  0 2 . 00 
Sylvia bor in 1 7 . 5  1 4 . 0  1 5 . 75 

" atr i c ap i l la 3 5 . 5  1 8 . 5  2 7 . 00 
Phyllo scopus trochi lus 3 2 . 0  26  • .s 29 . 2 5 
F idecula hypo leuca 2 . 0  2 . 0  2 . 00 
Erithacus rube cula 1 3 . 5  1 7 . 5 1 5 . 50 
Turd us p i l ar i s  1 5 . 0  1 0 . 5 1 2 . 7 5 

II meru l a  3 . 5  3 . 5  3 . 50 
" il iacus 9 . 0  7 . 0  8 . 00 

Parus montanus 1 . 0 1 . 0 1 . 00 
II caeru l e us 2 . 5  s . s  4 . 00 
II ma j o r  6 . 0  8 . 0  7 .  00 

Fring i l l a · cae lebs · .
. . . . .

. . . . . . . . . . . 4 2  � 5 . . . .  · 4 2 � 0 · 4 2  � 2 5  . . 

Tota l numbe r 1 89 . 5  1 6 5 . 5  1 7 7 .  50  
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Table XXI I .  Number of territories on plot IV,  Gj ushaugsand , 8 . S  ha 

Species 1 9 7 7  1 9 7 8  Mean 

Co lumba palumbus 6 . S  s . o  S . 7 S 
Dendrocopus leucoto s  1 . 0 0 a . s o 

II minor 1 . 0 1 . 0 1 . 00 
An thus trivial i s  1 . 0 0 a . so 
Prune l l a  modularis  2 . 0  4 . S  3 . 2 S 
Hippolais icterina s . s  1 1 .  s 8 . S O 
Sylvia borin 7 . S  1 9 . 0  1 3  . 2 S  

II  atricap i l la 2 S . O  2 4 . S  2 4 . 7 S 
Phylloscopus trochilus 2 4 . S  2 9 . S  2 7 . 00 
F idecula hypoleuca 3 . 0  3 . S  3 . 2 S 
Mus c icapa striata o . s  1 . S 1 . 0 0  
Erithacus rubecula 1 6 . 0  1 9 . S  1 7 . 7 S 
Turd us pilar i s  S 2 . 0  4 S . O  48 . SO 

II me rula 4 . 0  6 . S  s ._2 S  
" i liacus 1 4 . 0  2 4 . 0  1 9 . 00 

Parus montanus 0 o . s  0 . 2 S 
II caeruleus 3 . 0  1 2 . 0  7 . SO 
" maj or 1 2 . 0  1 0 . 0  1 1 . 00 

Certhia famil iar i s  0 1 . 0 a . so 
Fring i l la coe lebs 4 9 . 0  S 9 . 0  S4 . 00 

" montifring i l la 0 2 . 0  1 . 00 

Tota l number 2 2 7 . S  2 7 9 . S  2 S 3 . S  

Ac�oc epha lus sc i rpac e u s , H ippo l a i s  ic ter ina ,  Sylvia borin , 

� comrnun i s  and Phyl loscopus troc h i lu s . In  the inter­

mediate , young for e s t  s tage , Fringi l l a  coelebs predominate . 

The warb l e r s  Syl v i a  bor in , � atric api l la and Phyl lo scopu s 
trochi lus , tog e th e r  w i th E r i thacus r ub e c ul a , Turdu s pilar i s  

and T .  i l iac u s  a r e  t h e  spec i e s  cons t i tu t ing the  ma j or pro­

port ion of  the b i rd community . 

Bas ic ally , the s e  spec i e s • r e l a tive importanc e in the com­

mun ity is s im i l a r  in the ter�ina l s tage . Howeve r ,  some 

d i f f erences  are cons iderab l e , e . g .  the amount of Turdu s 

pi laris is  j u s t  b e low Fringil l a coe lebs  in p lot IV . Paru s 
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montanu s , P .  caeruleus and P .  maj or are con f i ne s to the 

fore s t  hab i t a t s , as we l l  as C o l urnba palumbu s , Prune l l a  

modular i s , Dendro c opus leuc o t o s  and D .  minor . 

Taxonomical group s 

The dens itie s o f  the bree d ing b i rd popu l a t ions w i th in some 

maj or taxonom i c a l  group s i n  the succe s s ion are shown in 

Tab le XXI I I . The warb ler dens i ty is increas ing a t  decre a s ing 

rate dur ing the succe s s ion deve lopment ( F ig . 1 1 ) . The inc re­

ment from the s tage I I I  to I V  is  4 6  % .  The  proportion of  

the Sylvi inae -group in the b i rd communi ty , howeve r ,  is de­

crea s ing f rom 4 1 . 3  % in p l o t  I I I  to 2 8 . 9  % in  p l o t  IV . 

Tab le XXI I I . Den s i ty o f  some taxonomic a l  groups ( pa i r s/ha ) 

Study p lot I I I  I I I  IV 

Charadri i 0 . 2 5 4  0 0 0 
Sylviinae 0 1 .  2 3 9  5 . 9 2 0  8 . 6 4 7  
Turdinae 0 0 . 1 7 7 3 . 1 8 0  1 0 . 64 7  
Paridae 0 0 0 . 96 0  2 . 206 
Fring i l l idae 0 0 . 1 96 3 .  3 8 0  . 6 . 4 7 1  
Emberiz idae 0 . 1 8 8  1 .  9 5 7  0 0 

When con s ider ing the Turdinae- group , the increa s e  in the 

thre e  later s tage s is at an inc r e a s ing rate . The den s i ty in 

the young fore s t  of p lot I I I  i s  only about 3 0  % o f  the older 

fore s t  of p l o t  I V . The correnspond ing f igur e s  for Turdus 

;pilari s a lone i s  1 7 . 9  % ,  and the other spec ie s 4 3 . 7  % i n  plot  

I I I ,  demon s trat ing tha t  Turdu s pilar i s  i s  respon s ib l e  for ma j or i ­

ty of the den s i ty inc remen t .  T h e  'Turd inae-proportion of  the 

commun i ty is s ign i f icantly incr e a s ing from 2 2 . 5  % in plot 

I I I to  3 5 . 9  % in plot  IV ( P  < 0 . 0 4 8  in a one - t a i l e d  t-te s t ) . 
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F ig .  1 1 . Dens i ty o f  some taxonomical  groups dur ing suc c e s s ion 
( pairs/ha )  

The dens i ty o f  t h e  t it s  in plot  IV are  more than twice . . . . . . 
the den s i ty in p l o t  I I I . Among the Frin2i l l idae spec i e s , 

only Fringi l la coe lebs  i s  pres ent in the two l a s t  s tage s  

o f  the sere . T h e  c o a r s e  o f  direct ion a l  change a r e  thu s 

ma inly attr ibuted to th i s  spec ies . The ove ra l l  pattern . . . . . .  
for the group fol low l a rge ly the Sy lvi inae-group s . The 

population den s i ty of Frin2i l l a  coe lebs  inc rease about 

88 % from the young to the old fore s t  hab i tat . 

Breed ing ecology groups 

The den s i ty e s t ima te s o f  the d i f ferent ne s t  s i te group s 
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are found in Tab le XXIV . The den s i ty o f  the spec ie s 

breed ing on the ground increa s e  gradua l ly w i th suc ces s ion 

time ( F ig .  1 2 ) . The den s i ty in the two l a s t  s t age s are 

s ign i f ican t ly h ighe r than in the prec eding ( P  < 0 . 0 4 . in 

a one- ta i l ed t-tes t ) . The p roport ion of the commun i ty , 

howeve r ,  decrease f rom 1 0 0 % to 2 2 . 5  % for th i s  group . 

* 
Table XXIV . Den s i ty ( pairs/ 1 0  ha )  , proportion s and dive r s i ty 
of breeding ecology groups . E st imate s for each of two inve stigation 
years 

Study plot 

Dens i ty 
Ground 

p i  

Den s i ty 
Shrub 

p i  

Density 
Tree 

p i  

Den s i ty 

Ho llow 

pi 

Diversity 

I I I  I I I  IV 

0 . 1 3 7  . . . . .  0 . 3 26 . . . . . . .  0 . 4 1 4 . . . . . .  0 . 5 9 3 . . .  . 
� . 09 8  0 . 3 1 1  0 . 3 9 4  0 . 7 5 4  

1 . 00 

0 
0 

0 . 7 8 9  0 . 2 7 3  0 . 2 2 2  
. . .  · 0 � 9 3 2 · . : . : :  · 0 � 299 · . : : .  : 0 � 2 2 9 : . . .  

0 . 08 7  0 . 5 1 4  0 . 58 2  
0 . 06 3  0 . 3 1 3  0 . 90 0  

0 . 2 1 1  0 . 3 3 9  0 . 2 1 7  
0 . 1 6 8  0 . 2 3 6  0 . 2 7 4  

0 . 488  1 . 266 
0 . 4 7 7  1 . 3 0 5  

0 . 3 2 2  0 . 4 7 3  
o .  360  0 . 3 9 7  

0 . 1 00 0 . 2 3 6  
0 . 1 40 0 . 3 2 9  

0 . 06 6  0 . 08 8  
0 . 1 0 6  0 . 1 00 

0 . 5 1 5  1 . 26 5  1 . 2 3 4  
0 . 45 3  1 . 3 0 7  1 . 289  

* a •  -= - L p i ln p i ,  where p i  i s  the proportion o f  the i I th group 
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Fig . 1 2 . Density of breeding eco logy groups (pairs/ 1 0  ha ) in the 
suc ce s s ion . 

The shrub-breeders  exh ib i t  a s tead i ly den s i ty - growth 

dur ing the suc c e s s ion . The den s i ty is s ign i f icantly higher 

in s tage I I I  and IV when contra s ting s tage I I  ( P  < 0 . 0 1 3  in 

a one - ta i led t-te s t ) . Their amount of the commun i ty den s i ty 

is fairly s tab le  in the three seral  s tage s th i s  g roup 

appear . The s ign i f icant increamen t of b ird s w i th ne s t  s i te s 

in tree s  i s  abou t 1 6 6 . % f rom the young to the o l d  fore s t  

hab i tat , ( P  < O . G 1 in  a one-ta i l ed t-te s t ) , ma inly due to 

the high breed ing den s i ty of Turdu s pilar i s  and Fr ingi l la 

coe lebs in the latter . The proport ion o f  the tree -breeders  

in the commun i t i e s  is not inc re a s ing s ign i f icantly . Although 
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the den s i ty o f  h o l e -ne s t ing spec i e s  in p l o t  I I I  i s  only 

4 2 . s · % of the den s i ty in p lo t  I V , the d i f f e renc e is in­

s ign i f icant ( P  � 0 . 1  in a one -ta i led t-te s t ) . 

Feeding eco logy group s 

The breeding den s i t i e s  o f  the broadly de f ined ma j or feeding · 

s ite or feeding gu i ld group s are l i s ted in Tab l e  XXV (Fig . 1 3 ) and 

the corresponding b ioma s s  f i gur e s  in Tab l e  XXV I . The den-

s i ty of spec i e s  feeding on the ground is increa s ing through-

out the succ e s s ional s tage s , a rapid inc rement when contra s t-

ing p lot  I and I I , r e l a t ive ly  re laxed inc re a s e  f rom I I  to I I I  

and a rap id increa s e  i n  den s ity b e tween the two l a s t  s tage s . 

The p i c ture i s  somewhat d i f f e rent when cons ider ing the bioma s s . 

Table XXV . Den s i ty and dive r s ity of feeding eco logy group s *  
(pairs/ha)  (two. investiga tioo years )  

S tudv o lots 

Ground 

Air 

Trunk 

Fol iage , shrub . . . 

Fol iage , tre e 

Diversity 

I 

1 . 1 79 
· 0 . 94 0 · 

0 . 08 6  
· o . o s 1 · 

o .  1 0 2  
0 . 086 

0 . 2 2 2  
0 . 2 0 8  

I I  I I I  IV 

1 . 7 3 9  2 . 1 6 4 . 2 3 5  
1 � 3 7 0 ' . . . . : : 2 � 3 6 . . . . :

. 
· 6 � 4 1 2 ' 

0 . 3 0 4  0 . 1 6  0 . 4 7 1  
0 . 0 8 1  · · · · : · o � i 6 :  · · · · · · 0 � 599 · · 

2 . 0 8 7  
2 . 1 96 

. . . . . . 

0 . 88 5  
0 . 7 9 3  

0 . 08 0 . 2 3 5  
· · · · o � 0 8 · : · · · · · o �  2 3 s : · · 

7 . 6 6 9 . 1 7 7  
$ � 70 . . · 1 L 6 18 . . . 

3 . 6 2 5 . 706 
: : : : : : 3 � 5 4 . : : : . . . 8 � 1 4  7 .  : 

1 . 08 9  1 . 2 34 
1 . 1 1 9 1 . 1 2 7  

* Anas platyrhyncho s ,  Columba palumbus and Turdus p i la r i s  are 
exc luded . 
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Table XXVI . Biomass o f  feeding e co logy groups 
: 

( g/ha ) • ( Two investi-
gation years ) 

Stud::y: 12lots I I I  I I I  IV 

GroWld 
2 19 .  3 8 5 . 8  4 3 2 . 6  i6 49 . 3  
1 85 . 2 5 8 . 5  3 49 . 5  16 38 . 4  

7 . 0  1 1 . 0  2 . 1  1 3 . 8  Air 5 . 1 3 . 3 2 . 1  . 15 . 4  

Trunk 3 . 8  30 . 4 
3 . 8  8 . 0  

Foli age Shrub 
3 . 9 6 4 . 1 2 82 . 1  3 4 2 . 4  
3 . 3  66 . 0  2 10 . 7 4 30 . 4  

II Tree 
1 16 . 9 197 . 2  
10 3 . 6  2 4 2 . 9  

z Anas platyrhynchos ,  Col umb a  p alumbus and Turdus p i l ar i s  are exclude d . 

There is  a s i gni f i c ant decl ine o f  6 4 . 3  % i n  t h e  b i omas s from 

p lot I to p lot I I , due to the amo un t  o f  heavy b i rds in the 

former ( P :  < - 0 . 0 5 in a one - tai l e d  t-tes t ) . The biomas s of thi s  

gui ld i n  the youn g  fore s t  p lo t  i s  abo ut 9 3  % greate r than i n  

the ini ti a l  s tage . The in crea s e  from p lot  I I  t o  I I I  i s  s igni ­

ficant ( P  < 0 . 0 4 i n  a one - tai l e d  t- tes t ) . The s i gni f icant bio­

mass di f ference b e tween the two lates t s ucce s s i on s tages i s  

even more pronoun c e d  than t h e  dens i ty e s timate s , primari ly 

ca us ed by the heavy thrushes  ( P  � 0 .  0 0 1 3 in a one- tai led t- tes t )  . 
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50 

I l l  

rr .. fol iage 

Shrub fo l iage 

Ground 

70 

IV  
Years 
P lot  

Fig . 1 3 .  Dens i ty of feeding eco logy groups ( pa i r s /ha ) in  the 
succe s s ion . 

The shrub fol iage f e e de r s  ev inc e a s t e ad i l y  den s i ty and b io­

mas s  inc rea s e  dur ing the succe s s ion a l  s t age s , the growth rate 

sl ightly dec l in ing b e tween the two la s t  s tage s . The den s i ty 

is sign i f ican t ly h ighe r when contra s ting the f inal  and the 

initial s tage s ( P  < 0 . 0 1 in a one - ta i l ed t - t e s t ) , the in­

crease be tween s tage I and II is s ign i f icant ( P  � 0 . 0 1 ) , the 

dif ferenc e s  be twe e n  the three l a s t  s tage s are no t s ign i f  i­

cant . 

The popu lation den s i t ie s  of  spec ie s feed ing in  the overs tory 

tree strata are 9 3 . 5 . %  h ighe r in  the termin a l  s tage than in 

the preceding , howeve r , due to the var i a t ion , the d i f f erence 

is insign i f icant . The b ioma s s  d i f ference is about 1 0 0 % ,  

ne ither s i gn i f i c an t . 
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4 , 3 . 2 . Commun i ty dens i ty 

The tota l  dens i ti e s  o f  a l l  bree d i ng b i rd populations i n  the 

s ucces s iona l commun i t i e s  a re li s te d  in Tab le XXVI I . The 

me an commun i ty den s i ty in  1 1 7 . 2  p ai rs/km2 in  p lot  I ,  3 9 3 . 5 , 

1 4 2 0 , 2 9 8 2 . 4  p a i rs /km2 for p lo t  I I , I I I  and IV re s pec t i ve ly . 

The directiona l deve lopment o f  dens i ty d ur i ng s ucc e s s iona l 

s tages appe ar l inear , b ut when cons i de ri ng the cor re s ponding 

biomas s e s timate s , the growth s eems r athe r e xponent i a l  ( F ig . 

1 4 ) • 

3000 

2000 

1 0  

I I  
30 5 0  

I l l  
7 0  

IV 
Years 

Plot  

Fig . 14 . Community den s i ty ( pai rs/km
2

) and b iomas s ( g/ha)  in 
succ e s s ive s tage s . 

The den s ity increme n t  i s  2 1 9 % ,  2 6 0 . 9  % and 1 1 0 % be tween the 

Plot I and I I , I I  and I I I , I I I  and IV re spe c t ive ly . The 
difference s  be twe en s tage s are s ign i f icant ( K  = 6 ,  P = 0 . 0 1 4  

in a one - ta i l e d  Kru s k a l -Wa l l i s  te s t , F = 1 7 8 . 7 5 ,  P � 0 . 0 0 0 1  in 

a one-way ana ly s i s  of var iance of ln BCD ) . 

On average the annu a l  inc rease in breeding bird den s i ty i s  

h i ghe st in the late s tage ( Tab le XXVI I I , Fig . 1 6 )  the f igure s 

for the bioma s s  inc r e a s e  are even more promounced . 
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Table XXVII I .  D i f ferenc e s  between indice s -values of  the bird communities  
in s ucc e s s ion and turnove r rate_s ,  measured as  growth rate in the t ime in­
terval between suc c e s s ive s tage s • ( D i f ferenc e / t )  • 

Density �ifference 
pairs/km 

Turnover rate 

Biomass difference 
kg/ha 

Turnover rate 

Diversity difference 
H '  

Turnover rate 

BCD
D i f  f 

TR
BCD 

BC B
D i f f  

TRBCB 

BSD
D i f  f 

TRBSD 

I / I I · 

2 7 6 . 3  

2 7 . 6 3 

0 . 0 1 4 7  

1 . 4 7  

0 . 2 2 4  

0 . 0 2 2 4  

4 . 3 . 3 .  Commun i ty s t ruc ture ind i c e s 

B ird spe c i e s  dive r s i ty 

I I /I I I . I I I/IV 

1 0 2 6 . 5  1 56 2 . 4  

4 1 . 0 6 44 . 6 4 

0 . 9 5 5 4  1 84 1 .  2 

3 8 . 2 2 5 2 . 6 1  

0 . 5 1 5  0 . 1 0 5  

0 . 0 2 0 6  0 . 0 0 3  

The coar se o f  d irect ion in the b ir d  spec ie s d iver s i ty ( BSD ) 

deve lopment i s  the characte r i s t ic o f  the loga r i tmic growth , 

inc rease at a decreas ing rate . ( Tab le XXVI I ,  F ig . 1 5 and 1 6 ) .  

The diver s i ty leve l in the late s tage s i s  s ign i f icant ly higher 

than i n  the in i t i a l  s tage s (U  = O ,  P = 0 . 0 2 8  in a two-tai led 

Mann-Wh itney U - te s t ) . 

The hypothe s i s  tha t s tage I ,  I I  and I I I  + IV equal s i s  re j ected 

. ( K = 6 . 0 ,  P = 0 . 0 1 4  in a one - ta i led Kru skal-Wa l l i s  te s t ) . 
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30 50 
Ill 

70 
IV 

Years 

Plot  

F� 1 5 .  B ird spe c i e s  dive r s i ty ( BSD ) and b ird spe c i e s  richne s s  (BSR ) 
in succ ess ional s tage s . 

When con s ider ing rate s o f  inc reas e ,  i t  i s  no tewor thy to . re cogn i z e  

the strik ing d i f f erence in succ e s s iona l deve l opmen t  o f  b ird 

commun ity den s i ty ( BCD ) and b ird spec i e s  d ive r s i ty ( BSD ) , 

exhib iting oppo s i te trends during the s e r e  ( F ig . 1 6 ) . 
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0.01 

30 
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30 50 
I l l  

BC D 

BSD 

7 0  

IY 
Fig . 1 6 .  Turnover-rate o f  b ird spe c ie s  dive r s i ty (TRBsD )  and b ird 

communi ty dens i ty C TRsco > . P lotted on the mid- range of 
the t ime interval be tween succ e s s ive s tage s . 

Fundamenta l ly , the d ive r s i ty ( Shannon ' s  inde x ) o f  breeding 

and feeding s i te  group s fol low the spec ie s dive r s ity trend , 

not unexpected ( Tab l e s  XXIV and XXV )  . All the s e  c o inc iding 

divers ity trends sugge s t s  incre a s ing n iche -den s ity , at l e a s t  

i n  the e a r ly hal f o f  the suc c e s s ion range s tud i e d  here . 
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Bird spec i e s  r ichne s s  

The den s i ty o f  spec ie s ( B S R )  i n  the four succe s s iona l p l o t s  

is  not fol lowing t h e  smooth coarse  o f  the spe c ie s dive r s i ty 

( F ig .  1 5 ) .  I n  the inte rmediate s tage s , the spec ie s r ich­

nes s va lue s are intermediate , and the r ichne s s  i n  p l o t  I I  

and I I I  i s  far  exceeded i n  the f ina l s tage . The spec ie s 

richne s s  i n  p lo t  I V  i s  7 5  % h igher than in p l o t  I I I . The 

hypothe s i s  o f  no 

and IV is re j e c t e d . 

te s t )  • 

d i f f erenc e s  b e twee n  p l o t  I ,  I I  + I I I  

( K  = 6 , P = 0 . 0 1 4  i n  a Kru sk a l -Wa l l i s  

In an one -way ana ly s i s  of  var iance o n  l n  BSR , the hypothe s i s  

o f  no dif ferenc e s  betwe en s tage s i s  r e j e c ted ( F  = 1 0 5 2 ,  

P < 0 . 0 0 0 1 ) and the Newman-Keu t te s t  dete c t s  that a l l  d i f f e ­

rences are s ign i f icant ( P  < 0 . 0 5 ) . 

Dominanc e and evenn e s s  

The dominance o f  the two mo s t  common spec ie s i n  the c ommun i ty 

i s cons iderab ly h igher in the early s tage s of  the s e re than 

in the f in a l , the ave rage f igure ( BD )  for p l o t  I and I I  i s  

0 . 6 7 and 0 . 4 1  f o r  p l o t  I I I  and I V  ( F ig . 1 7 �  The d i f f erence 

i s s igni f icant ( U  = O , P = 0 . 0 1 4 3 in a Mann-Whi tney U - t e s t ) . 

1 .0 

0.5 

1 0 

I I  

3 0  

I l l  

50 70 

I V  

ID 

Years 

P lot  

Fig . 1 7 . Bird spe c ie s  dominance ( BD )  and bird species  evenne s s  ( BJ ' ) 
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Con sequently , the proportions  o f  the spec i e s  in the commun ity , 

exhib it a re l a t ive ly more eve n d i s t r ibut ion in the two fore s t  

habitats than i n  the open and the shrub hab i t a t  ( F ig . 1 9 ) . The 

bird spec ie s evenne s s  ( BJ ' ) is s ign i f ican t l y  h ighe r in the 

former  ( U  = O ,  P = 0 . 0 1 4 3  in a Mann-Wh i tney U - t e s t ) . 

Body we ight and c lutch s i z e 

Hypothe s i s  o f  incr eas ing s i z e o f  individua l s  during succ e s s ion 

is only par t ly supported by the pre s e n t  s tudy . The ave rage 

size of indi v·idua l s  in the ini t i a l  s t age is 9 0 .  4 g and 5 0 . 7 g 

in the term in a l  s tage , contradic ting the hypo the s i s ( F i g . 1 8 ) .  

The amount o f  heavy wade r spe c ie s  in the wet , open hab itat i s  

respons ible f o r  t h e  ob served h i gh body we igh t f igure s . When 

cons idering pas s e r i ne spec i e s  only , the we igh t s  in the c l imax 

stage exceed the o ther s tage s , due to the h igh den s i ty o f  

Turdu s spec ies  in the forme r . 

Weight 

lO g 9 

8 

7 

6 

5 a l l  sp e c i es 

4 

3 

2 

1 

10 3 0  5 0  7 0  Tea r s  

F ig . 1 8 . Mean body we ights in grams dur ing succe s s ion ( Anas platyr­
hyncho s is de leted)  
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The overa l l  trend in  the three la s t  s tage s in  increas ing 

average body we igh t s  in the communi t ie s . The me an c lu tch 

size is not highe r in  the ear ly s tage s . 

4 . 3 . 4 .  C orre l a t i o n s  o f  c ommun i ty ind i c e s  

The corre l a t ion coe f f ic ie n t s  f o r  the b ird communi ty indice s 

are l i s te d  in Tab l e  XXI X . The re l a t io n s h ip b e tween b ird 

spec ie s d iv e r s i ty ( BS D ) and b ird spe c ie s dom inanc e ( BO )  is  

sign i f icantly negative ( F ig .  1 9 ) .  

BSDA 

2.4 

2.0 

1.!I 

l.t. 

1.4 

0.3 0.4 BO 

Fig . 1 9 . Bird spe c i e s  dive r s i ty ( BSD ) in relation t o  b ird spe c i e s  
dominance ( BD ) . BSD = 3 . 3 9 4  - 2 . 6 7 3  BD , R 2 = 0 . 9 1 4 ,  
P < 0 . 00 0 2  in a two- tailed t-te st 
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From the regre s s ion ana ly s i s  o f  the index value s o f  the pre­

sent study noth ing po i n t s  to th i s  r e l a tion bee ing non l inear . 

The corre l a t ion between the B S D  and b ird spec ie s r ichne s s  

( BSR )  i s  po s it ive and s igni f ican t ( P  < 0 . 0 0 8 ) . N o  s igni f i ­

cant correlat ion be tween B S D  and b i r d  spec ies  evenn e s s ( BJ ' ) 

exists , nor b e tween B S R  and BJ ' . The re l a tions be tween the 

diversity ind i c i e s  and the den s i ty o f  the commun i ty ( BCD ) i s  

noteworthy . The re l a t ion i s  l inear be tween B S R  and B C D  ( F ig . 

2 0 ) .  When cons ider ing the informa t i on content index , BSD , 

however , the re l a t i on i s  non l inear . From the coe f f i c ients 

of determinat ion ( R2 ) and ana ly s i s  of  s t andar i zed r e s idua l s , 

evidently the r e l a t ion i s  curv i l inear , and be s t  f i tt e d  to a 

logarithmic - regre s s ion mode l . B S D  i s  l inear ly corr e l a ted to 

the natural  loga r i thm of BCD ( F ig . 21 ) .  Only 8 0 . 1  % o f  the 

variation in B S D  i s  exp lained by BCD in a l ine ar mode l ,  but 

9 2 . 5 % in a log mode l . 

Table XXIX . Corre l a t ion matrix for bird communi ty indic e s . r = corre lation 
coe f f i c ient in a l inear regre s s ion mode l ,  rs = Spe arman rank 
correl a tion , * ,  * * and * * * denote s the s ignificance leve l  of r 
in a two - ta i l e d  t- te s t  for P < 0 . 0 5 ,  < 0 . 0 1  and < 0 . 00 1  respe c ­
tive ly .  

B S D  

BJ '  r 0 . 6  

r 0 . 84 9 * *  
BSR 

r s = 0 . 9 7 * *  

r = - 0 . 9 5 6 * *  
BD 

r = -0 . 8 1  * 
s 

r = 0 . 8 9 5  
BCD 

r s = 0 . 9 5 2 * *  

Abbrevations 
BSD Spec ie s  dive r s i ty 
BJ ' = 
BSR = 

II 

II 
evenne s s  
r i chne s s  

B D  1 1  dominance 
BCD Communi ty de n s i ty 

BJ ' BSR BD 

r = 0 . 3 2 3  

r = - 0 . 7 4 7 *  r - 0 . 7 7 7 *  

r s = -0 . 7 1 4 *  rs -0 . 744 * 

r = 0 . 5 7 r = 0 . 94 5 * * * r = -0 . 8 56 * *  

r s 0 . 4 1 7  r s 
= 0 . 99 4 * * rs =-0 . 8 3 3 *  
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BSR 

2 

• 

1 0 00 2 0 0 0  3 0 00 B C D  

Fig . 20 . Corr e l at ion between b ird spec ie s richne s s  ( BS R  = spe cies/ha ) 
and bird commun i ty den s i ty ( BCD = pair s/km2 ) .  BSR = 0 . 44 3  + 
0 . 58 3  BCD , R 2 = 0 . 94 5 , P < 0 . 00 0 5  

BSD 

2.5 

2.0 

1.5 

1 000 2000 3000 BC D 

Fig . 2 1 .  B ir d  spe c i e s  dive r s ity ( BSD ) in relation to bird community 
den s ity ( BCD = pairs/km2 ) .  BSD = 0 . 1 6 1  + 0 . 2 7 8  ln BCD , 

2 R 0 . 9 2 5 , P < 0 . 0 0 0 2  
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4 . 1 . 5 . B ird commun ity and hab i ta t  re l a t ion s h ip s  

Regres s ion equat ions of  the re l a t ions  be tween the b ird commun ity 

dens ity/diver s i ty indi ce s and the ind i c e s o f  hab itat  s truc ture , 

are listed in Tab le XXX . 

Community den s i ty 

On as suming tha t the tota l dens i ty o f  the breeding b ird commun i ­

ty i s  determined b y  the ava i l ab l e  food resource s and that the s e  

re source s are  l inearly r e l a ted to the  den s i ty o f  t h e  fol iage , 

fol iage e s t ima tes  a s  good pred i c tors  o f  the den s i ty would be 

exp�cted . When rela ting BCD to the dens ity or cove r e s t imate s 

in linear regre s s ion mode l s , the shrub and tree cove r e s t ima te s 

( STC ) give the r e l at ive ly be s t  predi c t ion . Eva l u a t ing the 

ability of the cover or dens i ty indice s to pre d i c t  BCD by the 

coefficient of determination a l one , total vegetat ion cover ( TVC ) 

is the second b e s t , shrub and tree den s i ty ( STD ) third and total 

vegetat ion den s i ty ( TVD ) fourth . 

A regre s s ion mode l  with a tran s forma t ion o f  the b ird commun i ty 

dens ity to a log s c a le ( na tura l loga r i thm ) l ine a r ly related to 

STD ,  gave a c lo s e  f i t  ( F ig . 2 2 ) . 

That the breeding b ird communi ty den s ity increas e s  exponentia l ly 

with the fol iage den s i ty of  the shrub and tree s trata , sugge s t s  

either tha t  the a s sump tion o f  l inear propor t iona l i ty between 

foliage den s i ty and food den s i ty is inval id or  tha t  BCD is de ter­

mined by o ther factors or factor c omb inat ion s .  
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Fig . 22 . B ird communi ty den s i ty ( BCD , pairs/km2 ) in re lation to shrub 
and tree s trata den s i ty ( STD ) . The regr e s s ion equation is 
given in Tab le XXX . 

Table XXX . Functional re l at ionship s  o f  b ird community indi c e s  and hab i tat 
structure indic e s , me asured a s  s impl e  l inear regre s s ions . 
R 2 = coe f f ic ient o f  determinat ion , the proportion o f  the var ia­
tion of Y e xp lained by X .  P is the s ignificance leve l  in a 
two-tailed t - te s t .  

Regre s s io n  equations 

BCD = - 1 . 898 + 1 . 764 
BCD = - 1 . 554 + 2 . 4 2 7 
BCD = -0 . 1 5 7  + 2 . 1 9 2 
BCD = -0 . 1 92  + 1 . 5 6 6  
BCD = 4 . 82 3  + 1 . 8 4 3  
BSR = -0 . 1 98  + 3 . 5 0 3  
BSR = 0 . 308 + 0 . 9 5 3  
BSD = 1 . 363  + 0 . 84 4  
BSD = 1 . 280 + 1 .  7 8 4  
BSD = 1 .  492 + 0 . 5 2 1 
BSD = 0 . 8 38 + 0 . 6 3 6  
STB = 0 . 2 2 5  + 3 . 04 3  
STf� = 0 . 262 + 2 . 2 2 5  
GFD = 1 1 . 369 - 1 0 . 2 0 8 
l\bbrevfations: 

TVD 
TVC 
STC 
STD 
STD 
VSD I I  
STD 
FHD 
VSD I I  
STD 
TVD 
STD 
STD 
FLD 

Ben = Bird communi ty dens ity 
BSR = Bird spe c ie s  r ichne s s  

STD 
TVC 

o .  7 2 4  
0 . 9 3 9  
0 . 9 4 1  
0 . 8 5 6  
0 . 986 
0 .  7 7 3  
0 . 84 1  
0 . 86 7  
0 . 8 7 2  
0 . 94 5  
0 . 9 3 7  
0 . 988 
0 . 986 
0 . 88 5  

p 

< 0 . 0 1 
< 0 . 0 00 1 
< 0 . 000 1 
< 0 . 00 1  
< 0 . 000 1 
< 0 . 0 1  
< 0 . 00 5  
< 0 . 00 1  
< 0 . 00 1  
< 0 . 00 0 1  
< 0 . 00 0 1 
< 0 . 00 0 1  
< 0 . 0 00 1 
< 0 . 00 1  

Shrub and tree layer density 
Total vegeta t ion cover 

BSD = Bird spe c ie s  diversity STB = Shrub and tre e  breeders STF 

STC 
den sity VSD 

= 

I = 

Shrub and tree layer cove r 
Vege tation s trata divers ity I 

= II  II n feeders density VSD I I =  
GFD = Ground feeders dens ity FHD = 't'1/o Total vegetation dens i ty 

I I  II I I  I I  

Fo liage he ight diversity 
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Fig . 23 . The corre lation between shrub and tree breede r s  den s ity ( STB ) 
( ln s c a le ) and shrub and tree dens i ty ( STD ) . The regre s s ion 
equat ion is g iven in Tab le XXX . 

B ird categor i e s  

The den s i ty o f  shrub and tree breede r s  ( STB ) i s  s igni f icantly 

corre lated to the den s i ty o f  the shrub and tree layer ( STD ) . 

Re s idua l-ana ly s i s  de tect  that th i s  re l a t ion i s  non - l inear . 

The be s t  f i t  i s  obt a i ned whe n a l inear regre s s ion  model be tween 

l n  STB and STD is  emp loyed ( F ig . 23 ) .  
Indications o f  the dens i ty-regu l a t ing fac tors are g iven when 

corre lat ing the den s i ty of  spec ie s feed ing in the f o l iage of 

the shrub and tree l ayer ( STF } to STD . Re s idua l a n a ly s i s  

show that th i s  r e l a tion i s  ne i the r l inear . The be s t  f i t  i s  

a square root tran s format ion o f  the STF -value s ( F ig . 2 4 ) . 
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Fig . 24 . Shrub and tree fol iage feeders ( STF ) ( square roo t  scale ) in 
re lation to shrub and tree dens i ty ( STD ) . The re lation of 
ln STF and STD i s  i l l u s trated . The regre s s ion equat ion is 
given in Tab l e  XXX . 

Noteworthly i s  that a log tran s forma tion ( na tu r a l  logar itms ) 

of STF i s  too " s trong " . Whe n comparing ln STF and ln STB 

relations to STD , the la t t e r  incre a s e  inde f in i te ly ( l inear ) 

and the former a t  a decre a s ing rate ( F ig . 2 3 and 24 ) .  

Sin c e  the fo l iage feede r s  ( STF ) inc rease a t  a lowe r rate than 

do shrub and tree breede r s  ( STB ) to a g iven inc r e a s e  of shrub 

and tree den s i ty ( STD ) , it i s  an indication of tha t  the forme r 

is re lative ly more " re s tr ic e d " than the den s i ty o f  the breed ing 
s ite group s .  I f  the a s sump t ion o f  l inear p ropor t i onal ity be ­
tween fo l i age den s ity and food r e s ource s i s  va l id ,  th i s  resu l t  
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Bird spec ie s d ive r s i ty ( BSD ) 

The fol iage den s i ty e s t imate s are the be s t  p r e d i c tor s of  BSD 

( Table XXX ) . Shrub and tree dens i ty ( STD ) exp l a in 9 4 . 5  % and 

total ve ge t a t ion den s i ty ( TVD ) 9 3 . 7  % .  The r e l a t ionships 

appear l inear ( F ig .  2 5 ) .  Ev iden t ly , the dens i ty o f  the shrub 

and tree l ayer s are the mo s t  important hab itat components in­

fluenc ing the d iver s ity of b ird  spec ie s , the latter  me asured 

as information content ( Shannon ) . The den s i ty of the f ie l d  

layer  adds rather dec reme n t  than inc reme n t  in exp l anat ion when 

TVD i s  compared with STD a l one . The veg e t a t ion s trata d ive r s i ty 

index tak ing into account the f o l iage den s i ty in the hor i zontal 

plane (VSD I I ) , is a sup e r i o r  pred ictor o f  BSD to the ind i c e s  

of  pur ely ve r t i c a l - de n s i ty s ta t i f icat ion ( VS D  I a n d  FHD ) 

( R2 = 0 . 8 9 5  ver s u s  0 . 8 7 2  and 0 . 8 6 7 ,  re spe c t ive ly ) . BSD and 

VSD II  is be s t  r e l a te d  in a l inear regre s s ion mod e l  ( F ig . 2 6 ) .  

0 

BSD R•v 1 975 

2.5 

2.0 

1 . 5  

0. 5 1 .0 1 . 5  2.0 STD 

Fig . 25 . B i rd spe cies dive r s i ty ( BS D ) in re lation to shrub and tree 
dens i ty ( STD ) . The regr e s s ion equat ion is given in Tab le 
XXX . For compar ison the data points and the f i tted l ine 
( BSD = 1 . 8 5 4  + 0 . 8 1  STD ) for a dec iduous for e s t  gradient 
( R0V 1 9 7 5 )  is shown . 
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suggest s that food i s  a re l a t ive ly stronger regu l a t ing factor 

for spec i e s  feeding in the shrub and tree layer than ne s t  s i te 

availab i l ity i s  for spec ie s breeding in the se  laye r s . 

Func t iona l r e l a tionships  between ground feede r s  and hab i tat 

factors ex i s t s . The breed ing den s i ty o f  spec ie s feeding on 

the ground ( GFD ) wi thin the h ab i ta t  i s  nega t ive ly corre lated 

( r = - 0 . 9 4 )  to the den s i ty of the f ie ld layer ( FLO ) ( c . f .  Tab le 

XXX ) . Howeve r , GFD is not s igni f icantly corr e l a ted to the 

cover of f i e l d  layer ( FLC ) . GFD i s  po s it ive ly corr e l a ted to 

the shrub and tree de n s i ty ( r  = 0 . 9 2 4  between ln GFD and STD , 

p � 0 . 0 0 1 ) .  

Bird spec i e s  r ic hne s s  ( BS R )  

The dens i ty o f  the shrub and tree laye r s  ( STD ) i s  the be s �  

predictor o f  B S R  ( Tab l e  XXX , 8 4 . 1  % o f  the var i a t ion i s  exp la ined · 

by the forme r , whe r e a s  the s tr a ta d ive r s i ty index ( VS D  I I ) 

acc ount for 7 7 . 3  % o f  B S R-va r i a tion ) .  Al l other hab i tat para­

me ters are poorer predictor s , when cons idered in s imp le  l inear 

regre ss ion ana l y s i s . The f lor i s t ic dive r s i ty index ( FD )  added 

no signif icant amount of exp l an a t ion o f  B S R  to VSD I I  in a 

multiple regr e s s ion mode l . None o f  the p l ant dive r s ity indices 

are signi f i c an t ly r e l a ted to BSR in s imp le l inear regre s s ions . 

Evidently , p l ant  spec i e s  d iver s ity func t iona l ly i s  i n s ign i f icant 

in expla ining spec i e s  richne s s  in the present hab i ta t s . The 

fol iage strata den s ity and dive r s ity seems to be the ma in a s s ig­

nab le fac tor s . 

In a mu lt iple  regre s s ion with shrub and tree den s i ty ( STD )  as 

independe nt var iab le t and max imum percent of the p l o t  f looded 

as var iab le 2 ( index of unc e rta inty on the breeding s ite ) the 

latter gave no furthe r s ign i f icant increa s e  in the exp lanation 

of BSR . To te s t  whe the r B S R  wa s par t i a l ly corr e l a ted to the 

dens ity of Turdus p i lar i s , a mu l t i p l e  regre s s ion ana lys i s  with 

STD and den s i ty of Turdu s p i lar i s  ( var iab le 2 )  wa s per formed . 

The sec ond independent var iab le  exp la ined furthe r 7 . 8  % ,  howeve r 

not sign i f ic a n t  ( P  � 0 . 1 2 ) . 
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Fig . 26 . B ird spe c i e s  dive r s ity ( BS D )  corre lated to vegatation strata 
dive r s i ty ( VSD I I ) . The regre s s ion equation is g iven in 
Tab le XXX . 

B ird spec ies  d ive r s i ty ( BS D ) i s  not a f f e c ted by p lant diver s i ty 

in the pre sent s tudy . In  mu l t ip l e  regre s s i on ana ly s i s  where 

BSD wa s related to VS D II  or STD as independent var iab le 1 ,  

and f lor i s t i c  dive r s i ty ( FD )  or p lant spec i e s  cove r proport ion 

divers i ty ( P P D ) as independent var iab le  2 ,  the latter ind i c e s  

gave n o  s ign i f icant enhanc ement of  exp l anat ion to the bird 

spec i e s  dive r s i ty var iation .  The same re s u l t wa s obtained 

when max imum per c e n t  of the p lot f looded in the spr ing 

inundat ion wa s cons idered as independent var iab le 2 .  

4 . 3 . 6 .  S tab i l i ty 

The resu l t s  o f  the s t ab i l ity - ana ly s i s  i s  pre s ented in Tab le 

XXXI .  The s tab il i ty pattern is not c lear in the succ e s s iona l 

stage s . The ind ice s pre sented here ne i ther reve a l  unamb ig ious 
trends of  incr e a s ing stab i l i ty in the commun i t i e s  nor dec reas ing 
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s tab i l i ty . On average , the coe f f i s ient o f  var i a t ion of the 

total bird commun i ty den s ity C . V .  ( BCD ) i s  sma l l e r  in the two 

final stage s than the two f ir s t ,  the d i f f e rence i s  however , not 

sign if ican t . 

The variance ratio index , V ,  for the common spe c ie s , have a 

trend of incre a s e  dur ing the succe s s ion . I n  the f inal  stage , 

the common spec i e s  popu l a tions  f luctuate re l a t i ve ly more com­

pensatory than in the preceding s tage s . The average var iance 

ratio for the two f ir s t  s tage s is s igni f ic an t ly lowe r than for 

the two la s t  s tage s in the succe s s ion ( P  < 0 . 0 3 in a one - ta i l e d  

Table XXXI .  I ndic e s  o f  b ird communi ty s tab i l i ty 

Index 

C .  V .  ( BCD ) 
V ,  all spe c i e s  
V ,  spec ies > 5 % 
s 
C .  V .  ( BSR )  
C . V . ( BSD ) 
c .  v .  ( BJ I ) 

Abbreviations :  c . v .  
BCD 
BSR 
BSD 
BJ ' 
v 
s 

-
= 

= 
= 

= 

= 

P lot 

I I I  I I I  

2 3 . 5 3 7 . 0 3 9 . 56 
0 . 45 4  1 . 3 70 0 . 7 1 8  
0 . 4 5 4  0 . 44 0  0 . 5 0 5  
0 . 7 1 4  0 . 708 0 . 748  

0 6 . 1 5 4 . 56 
4 . 2 5 9 . 98 1 .  4 1  
4 . 5 6 0 3 . 4 5 

Coe f f ic ient of variation in percent 
B ir d  communi ty den s i ty 

" spe c i e s  r ichne s s  
11 11 dive r s ity 
" II evenne s s  
Var iance kvotient 
S im i l ar ity 

IV 

1 4 . 5 0 
0 . 2 08  
1 . 4 4 9  
0 . 7 3 3  
3 . 80 
4 . 6 2 
3 . 49 

t-te s t ) .  Th i s  inc r e a s e  in var ianc e ratio index o f  stab i l i ty 

for the common spec ie s are con f i rmed by the s im i l a r i ty-ba sed 

s tab i l i ty index ( S ) , b a s e d  on  a l l  spec ie s . The s im i l a r i ty in 

spe c ie s popu l ation den s i t ie s  are s ign i f ican tly greater in the 
two f inal s tage s than in the two ini t i a l  s t age s ( P  < 0 . 0 4 in  

a one - tai led t-te s t ) . The ove r a l l  trend in the ind i c e s  of  

Popul at ions dens ity var i a t ion s , g ive evidenc e , th ough we ak , 

o f  inc rea s ing s tab i l i ty dur ing the succe s s ion . The coe f f ic ient s 
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o f  var iat ion for  spec ie s r ichne s s  ( BS R )  and the abundance 

struc ture of the commun i t ie s , spec i e s  d iver s i ty ( BS D ) and 

spec ie s evenne s s  ( BJ ' ) ,  are not s ign i f i c an t ly chang ing directio­

nally . As sump t ions  o f  incre a s ing or decreas ing stab i l i ty in 

the se commun i ty prope r t ie s  are not supported by the present  

study . 

The simi larity index o f  s t ab i l i ty ( S )  i s  s ign i f ican t ly rel ated 

to b ird spec i e s  d ive r s i ty ( BS D ) ( F ig . 2 7 ) , the stab i l i ty in­

crease with incre a s ing d iver s i ty .  

s 

�75 • • 

1.5 20 2.5 
BSD 

F ig .  2 7 . Relation te twe en the s imilar ity index of s tab i l ity ( S )  and 
bird spe c ie s dive r s ity ( BSD ) . S = 0 . 655  + 0 . 036  BSD , r = 
0 . 8 1 8 ,  P < 0 . 0 1 3  in a two-ta i le d  t-te s t . 

The corre l ation b e tween s tab i l ity me a sured a s  the var iance 

kvo tient ( V )  for spec i e s  > 5 % of the c ommun i ty and b ird spec ies  

diver s ity ( BSD ) is  weake r , r =  0 . 6 6 7  ( P  < 0 . 0 7 1 ) . Whe n  th i s  

index i s  re lated t o  b ird spe c ie s  r i c hne s s ( B S R ) , however , the 

corre la t ion i s  c lo ser , r = 0 . 8 8 ( P  < 0 . 0 1 ) . 

Since the var iance r a t i o  index ( V )  and the s imilar i ty index 

( S )  are ma inly inf luenced by the common or dominant spec ie s 
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populat ion de n s i ty f luc tuat ions , a s  the Shannons d ive r s i ty in­

dex is cons iderably a f fec ted by the dominant spec i e s  ( KEMPTON & 

TAYLOR 1 9 7 6 ) , the se  func t iona l r e l a t ionships  b e twe e n  s tab i l i ty 

aspec ts of  den s ity and b ird spec i e s  dive r s i ty are not unexpec ted . 

4 . 4 . Pl ant and b ird commun i ty s im i l a r i ty 

4 . 4 . 1 .  S tructure 

If the plant and b ird c ommun i ty s truc ture deve loped s imu lanous ly 

throughout the suc c e s s ion , i . e .  exh i b i ted paral l e l l ing leve l s  in 

increment or dec reme nt of s truc ture indice s , po s i t ive corre la­

tions be tween d iver s i ty ,  evenne s s  and dominance i nd i c e s  wou ld 

be expec ted . P lant  spe c ie s  cove r p roportion dive r s i ty ( PPD ) 

and bird spec i e s  d ive r s i ty ( BS D ) , and the ir re s pe c tive ev�nne s s  

components ( PJ '  and BJ ' )  are the mo s t  r e l evant counterpar t s . 

Indice s o f  spec i e s  r ichne s s , f l o r i s t i c  d ive r s i ty ( FD )  and b ird 

spec ie s r ichne s s  ( BS R )  are other comparab le ind i c e s . 

P lant spec ie s dive r s i ty ( PPD ) and b ird spec i e s  d ive r s i ty ( BSD ) 

exhib it oppo s ite tr end s ( though we ak for PPD ) dur ing succ e s ­

sion . B S D  and P P D  a r e  s ign i f ican t ly negative l y  corre lated 

r = -a . 7 7 4  ( P  < a . a 2 4 ) or rs = - a . 7 3 8  ( P  < a . a s ,  Spearman rank 

correlation ) . Th i s  negat ive corre l a t ion could ind i c a te tha t 

abundance-de t e rminat ing fac tor s ope rate d i f ferent or oppo s ite 

in the p lant and b ird commun i t ie s  dur ing succe s s ion , th i s  

a s sump tion i s  supported whe n  con s ider ing the dominanc e s truc ­

ture of the suc c e s s ive commun i t ie s . P l ant spec i e s  c over pro­

portion dominance ( PD )  incre a s e  in the late s tage s , the oppo s i te 

trend occur in b ird spe c i e s  dominance ( BD ) . BD and PD i s  s ig­

nif icantly negat ive ly  corre l a ted , r = - a . 8 7 9  ( P  < o . a a s ) . 

Al l o ther ind i c e s of  p lant and b i rd commun i ty s tructure are 

te sted for corre l a t ions , but none were s ign i f ican t ly corre l a ted . 

The spec ie s r ichne s s  peak i s  reached ear l ier  in the succe s s ion 
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in the plant ( FD )  tha n in the bird communi t i e s  ( B S R ) , the 

former in the interme d i ate s tage s , the l a t ter in  the late 

stage s .  The pre s e n t  data do not suppo r t  any hypothe s i s  of 

parall el deve lopme n t a l  coa r s e  o f  d iver s i ty , equ i tab i l i ty or 

dominance in the commun i t i e s  of two tropic  leve l s  ( producer 

and secondary con s ume r )  in an  ecosystem undergo ing succe s s ion . 

The precen se o f  nega t ive corre lat ions or absence o f  paral l e l l i ty 

rather sugge s t  that the factors tha t de termine s the commun i ty 

s truc ture act  oppo s i te ,  a t  d i f ferent t ime interva l s  dur ing the 

suc ce s s ion or that the consume rs  are inf luenc ed by o the r mecha­

nisms than the produc e r s . 

4 . 4 . 2 .  Succe s s ion r a te 

The amount of  spec i e s  turnover in the p lant  and b ird commun i t i e s  

i n  the succe s s ion i s  p r e s ented in Tab l e  XXXI I and F ig . Z�. The 

succe s s ion rate ind i c e s  are equa l ly mea su r ing the turnover in 

the commun i t ie s , whe ther based on qua l i ta t ive or quan titative 

data , for the p l ant a s  we l l  as the b ird commun i t i e s  ( c . f .  F ig .  2 8 ) .  

The corre lations betwe e n  the . S R�va lue s are c lo s e , r = 0 . 9 9 8  

( P  < 0 . 0 5 )  for the p lant suc c e s s ion and r = 0 . 9 9 3  ( P  < 0 . 0 0 1 ) 

in the bird succ e s s i on . 

When re lat ing succe s s ion rate with t ime in  a l inear regre s s ion 

with ln SR in r e l a tion to time ( i . e .  the i n terval betwe en two 

succe s s ive commun i t ie s )  the regre s s ion equ a tions g iven in Tab le 

XXXI I I  are ob ta ine d . 

For compari son , the s ame data for a secondary suc ce s s ion in oak ­

hornbeam hab i t a t s  i n  southern P o l and (Gtm-7AC INSK I & JARVINEN 1 9 7 5 ) 

is compi led together w i th the pre sent data . 

Time exp la in s  8 8 . 5  % and 8 3  % of  the var i a t ion in p lant and b ird 

succ ess ion rate , re s pe c t ive ly .  On the ba s i s of te s t  of d i f fe ­

rences in  the regre s s ion  coe f f ic i ents  ( s l ope ) , i t  i s  no t po s s ib l e  

to det ec t s ign i f i c a n t  d i f ferenc e s  in t h e  amount o f  succe s s ion 

rate dec rement be twe e n  p l ant and b ird commun i t i e s . 
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Table XXXII . Turnover and suc c e s s ion rate s 

CoIIllllun ities 

Indices 
I / I I  I I / I I I  I I I / IV 

STJ 

SRJ 

CTH ' 

SR H '  

STJ 

CTH ' 

SR H '  

plants 

I I  

II  

II 

birds * 

" 

" . 

" 

5 4 . 1  8 4 . 3  

5 . 4 1  3 . 3 7 2  

3 5 . 2 2 4 1 . 7 5 

3 . 5 2 2  1 . 6 7  

8 1 . 2 5 8 7 . 5 
80 . 0 0 8 7 . 5  

8 . 1 2 5 3 . 5  
8 . 0  3 . 5  

4 7 . 8 5 50 . 9 5 
4 1 . 9  5 2 . 5 5  

4 . 7 8 5  2 . 0 3 8  
4 . 1 90 2 . 1 0 2  

* Calculations for two breeding seasons . 

Abbreviations : 
STJ = Spec ies  turnover ,  based on Jac card ' s s imilarity index 
SR 
CT� ' 

Success ion rate , " 

Community turnover , based on Shannons dive r s i ty index 
SR

H ' = Success ion rate , " 

5 2 . 3  

1 . 494 

9 . 9 5 

0 . 2 8 4  

2 1 . 0 5 
2 1 . 0 5 

0 . 6 0 2  
0 . 60 2  

6 . 1 
4 . 5 5 

0 . 1 7 4  
0 . 1 3 0 
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Table XXXI I I . Succ e s s ion rate in re lation to t ime interval betwe en 
succ e s s ive s tage s . The succe s s ion rate value s ( SR , ) 
are de fined in text . H 

ln SRH , ( p lants ) = 2 . 4 2 7  - 0 . 0 9 7  t ,  R 2 = 0 . 8 8 5  

l n  SRH , (birds ) = 3 . 1 2 3 0 . 1 2 9  t , R 2 = 0 , 8 3 

ln SRH ' (birds ) = 2 . 4 4 3  0 . 066 t ,  R 2 = 0 . 7 5 2 1 )  

1 )  Calculated from GLOWAC INSKI & JARVINEN 1 9 7 5  
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Fig . 28 . Change s in turnover rate s dur ing suc c e s s ion . Measures are 
de f ined in text . The SR-va lue s are plotted in the mid- time 
in the interval between two suc c e s s ive communities . 

Noteworthy i s  the gen tle , hornogenou s s l ope o f  de creas ing succ e s -

sion rate i n  the p l an t  succe s s ion . I t  conf irms the expectation 

that the discon t inu i ty in or igion of the young fore s t  s tage 

(plot I I I ) ha s minor impac t on the spec ies  compo s i tion and re la­
tive abundance  of spe c ie s . It the a s sump t ion wa s inva l id ,  a h igher 
SR-va lue fo r the t ime interva l betwe en p lot  I I  and I I I  would be 
expec ted . In c onc l u s ion , the re l a t ive rate of spec ie s rep l acement 
in the succe s s ive p l ant and b ird commun i t i e s  i s  equa l . 
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5 . DI SCUS S I ON 

5 . 1 . Gene ral hypo the s i s  o f  d iver s i ty 

Attempts to g ive probab l e  exp lana tions  o f  the ob served patterns 

in dive rs i ty-deve lopme n t  in the p re s e n t  succ e s s ion , l e ad to 

the current theori e s  of f a c tor s de t e rmin ing spec ie s d ive r s i ty 

in commun i t i e s . 

The predat ion hypo the s i s  ( PAINE 1 9 6 6 ,  HARPER 1 9 6 9 ,  JAN Z EN 1 9 7 0 , 

VAN VALEN 1 9 7 4 X  sugge s t s  that s e lec t ive predation on dominant 

competitors can ma inta i n  a r e l a tive l y h i gh loc a l  spe c ie s  diver­

sity  by preventing t h e  dom inan t comp e t i tors from monopo l i z ing 

the ma j or re source . Preda t ion keep s the prey spec ie s be low 

carrying capa s i ty , thu s the comp e t i t ion i s  damped and new 

spec ies can invade the s y s tem . A further enhanceme n t  may' be 

promo ted by a p o s i tive feedback mechan i sm ,  whereby the new 

spec ie s support new p reda t i or prpu l a t ion s . Thi s hypoth e s i s  i s  

not re stricted t o  interac t i ng anima l commun i t ie s , but i t  i s  

extended t o  p lant-he rb ivore s y s tems a s  we l l . The s tab i l ity 

and leve l of  pr imary p rodu c tion p r e s umab ly l imit thi s proce s s . 

The c ompe t i t ion hyp o the s i s  empha s i z e s  tha t h ighly diverse  commu­

nities ar i s e  in  s tab l e  envi ronme n t s  a s  a re s u l t  o f  compe t i t ion ­

rna inta ined n iche d ive r s i f ic a t ion ( P IANKA 1 9 6 6 , 1 9 78 ) . Comp e t i ­

tion forc e s  compre s s ion o f  niche s , caus ing greater spec ies  pack­

ing and inc rea s ing spec ie s d ive r s i ty ( MAC ARTHUR & WILSON 1 9 6 7 ,  

MAY & MAC ARTHUR 1 9 7 2 , P IANKA 1 9 75 ) • .  Interspec i f ic compe tit ion 

is more inte nse in s tab le envi ronme n t s  becau s e  the s e  a l low 

more spec ie s to re ach earring capa s i ty .  The compe t i t ion 
selec t s for inc re a s ed spec ia l i z a t ion , caus ing reduced comp e t i ­
tion inten s i ty . Spec ie s dive r s i ty i s  then incre a s e d  by succe s s ­
fu l invas ion o f  add i t iona l spec ie s . Theore tic a l ly ,  th i s  mecha­
ni sm is l imited by the number of d i s c re t e  re s ourc e s  ava i l ab le 
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(MAC ARTHUR 1 9 6 5 )  or  the max imum to l erab l e  n iche ove r lap s 

on con tinuou s r e s ourc e s  ( MAC ARTHUR 1 9 7 2 ) . The ab i l i ty o f  

a spec ie s t o  invade a c ommun i ty i s  dependent upon the ex i s tenc e 

of a resource s tate whe re i t  can compete  more e f fective ly than 

pre sent occupa n t s  (MAC ARTHUR 1 9 6 5 ) . Thi s may be one of the 

princ ipa l mechan i sms  o f  inc reas ing dive r s i ty in suc c e s s ional 

ecosys tems ( MELLINGER & MC NAUGHTON 1 9 7 5 ) . 

There ex i s t s  evidence tha t many natural  e c o sy s tems are not in 

competitive equ i l ibr ium ( LOUCKS 1 9 7 0 , AUCLA I R  & GOFF 1 9 7 1 , 

WIENS 1 9 7 7 ,  CONNELL 1 9 7 5 , 1 9 7 8 ) , but the increase and pre�9mi­

nance of one comp e t i to r , with a correnspond ing dec rea s e  in the 

other , wi l l  s t i l l  be expected ( HUSTON 1 9 7 9 ) . Thu s , competit ion 

should be inve r s e l y  r e l a ted to diver s ity . Intense competit ion 

should resu l t  in low d ive rs ity among the compet ing spec ies , and 

high divers ity wou l d  be expec ted i� damped c?mpe t i t ive sys tems 

(LEVINS 1 9 6 8 ,  VANDERMEER 1 9 7 0 , HUSTON op . c i t . ) In struc tural 

simp le environmen t s , c omp e t i t ion reduc e s  d ivers i ty through 

competitive exc lu s ion . I n  comp lex environmen t s , comp e t ition 

may increa se d ive r s i ty through increa s ed hab i ta t  spec ia l i zat ion 

(MENGE & SUTHERLAND 1 9 7 6 ) . 

The non-equi l ibr ium hypo the s i s  of spec i e s  d ive rs ity is propo sed 

by HUSTON ( 1 9 7 9 ) . I t  a s sume s tha t mo s t  c ommun i t i e s  ex i s t  in 

a s t a te of nonequ i l ibr ium where compe t i t ive equ i l ibr ium is 

prevented by p e r i o d i c  population reduc t ions  and env ironment a l  

fluctuation s . Whe n c omp e t i t ive equ i l ibr ium i s  prevented , a 

dynamic balanc e may b e  e s tab l i shed between the ra te o f  c ompe­
tit ive disp l acement and the  frequency o f  popu l a t ion reduc t ion , 
Wh ich resul t s  in a s ta b l e  level o f  dive r s i ty . Under conditions  
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on inf requent redu c t i on s , an incre a s e  in the popu l a tion growth 

of compe ti tor s g e ne r a l l y  re s u l t s  in dec rea s ed diver s i ty .  Ac cord­

ing to thi s  theory , dive r s ity may be reduced by comp e t i t ive d i s ­

placement ( or exc l u s ion ) or b y  frequent popu l a t ion reduct ions , 

preventing some o f  the comp e t i tor s to recover . The organ i sms 

mus t  have some min imum growth rate to recove r reduc t ions , in­

creasing with the reduct ion f requency . Low growth rate s o f  

competitors a n d  low d i s turbance f requenc i e s  shou ld r e s u l t  in 

low diver s ity ,  due to the r e l a t ive ly long per iod , enough for 

a c lose approach to c omp e t i tive equ i l ib r ium . Incre a s e  in the 

frequency of popu l a t ion reduc t ion wou l d  prevent comp e t i t ive 

equilibr ium , and h i gh �ive r s i ty is expected . Further increase 

of the frequenc i e s  wou ld reduce the dive r s i ty , becau s e  some 

compet itors wou l d  be enab led to recover . Comb inat ion o f  h igh 

growth rate s o f  the c ompe t i tors and low frequency of popula-

tion reductions wou l d  promote l ow d ive r s i ty ,  due . to the rap id 

approach to equ i l ib r ium . D iver s i ty wou ld incre a s e  to a maximum , 

fo l lowed by a dec l ine when the d i s turbance frequency increase s .  

Following th i s  theory , low to med ium f requenc i e s  o f  popu lat ion 

reduction s  and low to med ium popu l a t i on growth rate s shou ld 

result in the h igh e s t  d iver s ity . The s e  factors a l l ow pro longed 

coex istence o f  comp e t itor s and provide su f f ic ient time for 

compensatory f a c t o r s  ( e . g .  f luctu a t ing environme ntal  conditions ) 

to operate e f fec t ive ly . 

The hypothe s i s  o f  " in te rmed iate s tre s s  or d i s turbance " 

put forward by GRIME ( 1 9 7 3 , 1 9 7 9 ) and CONNELL ( 1 9 7 8 ) i s  c l o s e ly 

related to the preceding .  I t  sugge s t s  tha t  moderate stre s s  or 

di s turbance in herbaceous vege tation cau s e  an increa s e  in 
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spec ies den s i ty by reduc ing the popu l a t ion den s i t i e s  o f  poten­

tial dominan t s , thu s permitting sub s id iary s p e c i e s  to coex i s t  

with them . 

Temporal hete rogen i ty may a f f e c t  communi ty orga n i z a t ion . In  

troph ical ly s imp l e  commun i t i e s  ( e . g .  gra s s lands ) ,  phy s ic a l  

stre s s  ( e . g .  f ire ) c r e a ting patchin e s s  may inc r e a s e  spec i e s  

richne s s  ( LOUCKS 1 9 7 0 , TAYLOR 1 9 7 3 , LEVIN & PAINE 1 9 7 4 , HORN 

1 9 75 a, CONNELL 1 9 7 8 ) . The s e  phy s ic a l  d i s tu rban c e s occur frequ­

ently enough to permit  the comp e t i t ive inf e r iour , opportun i s t ic 

spec ies to exc i s t  in the s y s tem . Phy s i c a l  d i s turbance thus 

changes the comp e t i t ive envi ronment from a s i tu a t ion wher e  

competitive exc lu s ion wou l d  reduce t h e  spec i e s  r ichne s s  t o  a 

system where d i s turbanc e-me d i a t e d  · · comp e t i t ive coex i s tence 

promo tes richn e s s . 

The connec t ion b e twee n the dynamic equ i l ibr ium hypothe s i s  and 

the predat ion hypoth e s i s  i s  c l e a r , s ince predat ion has the 

effect of reduc ing popu l a t ion s i z e s  and thu s p revent ing equ i l i ­

brium and comp e t i t ive d i sp l a c ement . Ba s ica l ly , t h e  hypothe s i s  

of tempora l heteroge n i ty and intermediate d i s turbanc e are iden ­

tical wi th and i s  only s p e c ia l i z ed ver s ions o f  the general 

non-equ i l ibr ium comp e t i t ion hypo the s i s . 

Environmenta l  · s tab i l i ty and predictab i l ity are sugge s ted to 

Promote spec ie s d ive r s i ty ( S LOBODKIN & SANDERS 1 9 6 9 , P IELOU 

1 9 7 5 ) . Unpre d i c tab l e  hab i t a t s  are be l i eved to forc e organ isms 

to have broad n iche s , r e s u l ting in lowered " ni c h e -pack ing " .  

Fur ther are ma rg ina l popu l a tions expo s ed to h ighe r ext int ion 

Probab i l i ti e s . Howev e r , examp l e s  are ava i lab l e  on low-d ive r s ity 



- 1 2 0  -

communities  in s ta b l e  env ironmen t s  WHI TTAKER ( 1 9 6 6 ) , as  we l l  

a s  commun i t i e s  o f  h igh d ive r s i ty i n  unpredic tab le hab itats 

(WHITTAKER & N I E RING 1 9 6 5 , PAINE 1 9 6 6 , P IANKA 1 9 7 5 ) . In the 

latter case  the c onne c t ion to the " non-equ i l ib r ium " or " tempora l 

he terogen i ty " hypothe s i s  i s  s tra ight . Environmental  var iab i l i ty 

might fac i l iate coexi s tence , e i ther by continual ly a l ter ing 

the �titive ab i l i t i e s  among the comp e t i tors  or by periodic­

a l ly reduc ing popu l a t i o n  s i z e s  and thereby the inten s ity of  

compet ition ( c . f .  P IANKA op . c i t . ) .  A re l a t ive ly h igh degree 

of  coexi s tence - of comp e t i to r s  thus r e su l t  in a rela t ive ly 

high spec ie s d ive r s i ty . 

Divers ity ha s been p o s i t ive ly corre lated with produc t ivi ty 

( CONNELL & ORIAS 1 9 6 4 , PIANKA 1 9 6 6 )  and rrega t ive ly corre lated 

with produc t i v i ty ( MARGALEF 1 9 6 9 ) . Genera l ly ,  the hypothe s i s  

that high produc t iv i ty b eg e t s  h igh d ive r s i ty ,  i s  r e j ected 

( MARGALEF op . c i t . , P I ELOU 1 9 7 5 ) , due to many examp l e s  of  an 

inverse re lationship  b e tween produc t iv i ty and d ive r s ity ( c . f .  

MC NAUGHT OU 1 9 6 8 , ROS EN ZWE I G  1 9 7 1 ) . 

The hypothe s i s  that environmenta l  hete rogen i ty i s  a determinant 

of s pec ie s d iver s i t y , has been one of the mo s t  appeal ing theories . 

Increased dive r s i ty i n  inc reas ingly heterogen environments is  to 

be expected ( LEVIN 1 9 7 4 ) . The hypothe s i s  i s  supported by a 

large amount o f  emp i r i c a l  evidence . The s truc tura l complex i ty 

of the hab i t a t  h a s  b e e n  succ e s s fu l ly corre lated to s pe c i e s  di­

versity in  an ima l  c ommun i t i e s  of var iou s taxonomic a l  group s 

( HUSTON 1 9 7 9 ) . Howeve r , the ma j or ity o f  the inve st igation s 

are pe rformed on breeding b ird commun i t i e s  ( c . f .  MAC ARTHUR 
et.al . 1 966 , CODY 1 9 6 8 , KARR 1 9 6 8 , RECHER 1 9 6 9 , KARR & ROTH 
1 9 7 1  , Rr/.JV 1 9 7 5 ) . 
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The he terogen i ty i s  mo s t ly b a s e d  on the phys ical structure 

and phy s ignomy of the p l ant commun i ty s e rving as  sub s trate 

for the an ima l s . Among insec t s , sugge s t ions  are made tha t 

the spec ie s dive r s ity of  the p lant inf luence the ir d iver s i ty 

(MURDOCH e t . a l . 1 9 7 2 ) . Howeve r ,  even i f  p lant spec i e s  diver­

sity or hab i ta t  he teroge n i ty to some extent exp l a in the 

divers i ty in an ima l s , the que s t ion of the former s t i l l  re­

maine s un solve d . S tructural c omp lex i ty i s  regarded a s  an 

extr ins ic factor ( HUSTON 1 9 7 9 )  and the hypothe s i s  mo s t l y  

conf ined to an imal commun i t ie s . 
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5 . 2 .  Plan t  spec i e s  dive r s ity 

When cons ider ing the pre s e n t  dive r s i ty trends throughout the 

succe s s ion in re l a t i on to the theor i e s , e lements  of the d i f f e ­

rent hypothe s i s  app ly  to var iou s s e r a l  s tage s . From the pre­

sent review , evide n t l y  compe t i t ion i s  the overa l l  factor de ter­

min ing dive r s i ty . The l eve l of d ive r s i ty in the commun i t i e s  

is inf luenced through f a c t o r s  preve n t i ng comp e t i tive equ i l ib ­

rium . I n  the t o t a l  comp e t i t ive environment , the s e  factors are 

di stingu i sable in two ma j or group s . The a l l ogenous . inf luenc e s  -

man-made dis turbanc e s  ( i . e .  mowing , g r a z ing ) and other external 

change s in the phy s i c a l  environme n t  ( i . e .  hydro log i c a l  f luc tua­

tions ) and the autogenous factor s ( i . e .  shading , nutr ient leve l s , 

litter accumu l a t ion , a l l e lopa tr i ) .  The interspec i f  ic encoun ­

ter s ac ts  through pa s s ive me chani sm s ( shading , nutr ient  a l lo­

cation , l i t te r  a c cumu l a tion ) or a c t ive inh i b i tory s t rategie s 

( release of  a l l e lop a t r i c  chemic a l s ) . 

In he rbac eou s vege t a t ion in ferti le envir onments , a trend to­

wards monocu l tu r e  is of ten ob served , due to the tendency of 

large herbaceous p l an t s  to supp re s s  growth and regener ation of 

smaller ne ighbour s ( GRIME 1 9 7 9 ) . H i gh spec ie s d iver s i ty in semi ­

natural gr a s s lands are o f ten a s s oc i ated with low l eve l s  of  

pr imary nutr ien t s , a n d  a de c l ine in  dive r s i ty i s  ob s e rved when 

fertil iqe r is added ( RORI SON 1 9 7 0 , VAN DER MAAREL 1 9 7 0 , 

ERIKS SON et . a l .  1 9 7 6 ) . Even i f  mowing and burn ing are not spec ie s ­

specific  as  man agement inf luence s , in contra s t  to  gra z ing , the ir 

effects are s e l ec t ive . The compe t i t ive environmen t  i s  al tered , 

due to the d i f ferent  ab i l i ty of  recovery o f  the popu la tions of 

the competing s pe c ie s  in the commun i ty . In  the in i t i a l  stage 

of the pr esent s u c c e s s ion , hydro logic  f lu c tuations comb ined with 

the haymak ing and irregu l ar bur n i ng , probab ly are preventing 

competitive equ i l ibr ium , re s u l t ing in a re l a t ive ly low dominance 

by the ma j or p l a n t  spec ie s , h igh evenne s s  and spec ie s divers i ty 

( information c on ten t ) . Gra z ing or hayrnak ing of  p a s tur e s  are 
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known to inc rea s e  or ma inta in spec i e s  d ive r s i ty ( HARPER 1 9 6 9 , 1 9 7 0 , 

VAN DER MA.AREL 1 9 7 0 ,  GRIME 1 9 7 3 ,  1 9 7 9 )  . 

The oppo s ite e f f e c t  on d i ve r s i ty would appear i f  a deve lopment 

of  dominance by spec i e s  w i th a l l e lopath ic chemic a l s  or oth e r  

effec t ive inh ib i tory metho d s  occurred ( BA Z ZAZ  1 9 7 5 , MELLINGER 

& MC NAUGHTON 1 9 7 5 ) . Howeve r ,  thi s mechan i sm i s  mo s t  l ik e ly 

not ope rative in  the i n i t i a l  s tage o f  the p r e s e n t  succe s s ion . 

Temporal lowered d ivers ity o f  herb s  in ear l y  suc c e s s iona l 

stages have part ly been  a t t r ibuted to l i tt e r  accumu l a t ion 

( GABRIELSON 1 9 6 8  in N I C HOLSON & MONK 1 9 7 4 ) . In  the manag__ed  

pa sture , the supp r e s s in g  e f fe c t  o f  a he avy l itter ma t is  pre­

vented . I n  the sec ond s tage o f  the  pre s e n t  sere  i t  may p l ay 

a ro le , but the - influence o f  the l itter i s  more than counter ­

balanc ed b y  o ther mechan i sms , a s  f a r  a s  spec ie s richne s s  is 

cons idered . 

The peak in f lo r i s t ic d ivers ity in the intermed iate s tage s of  

the succe s s ion conform to t h e  pred i c t ions o f  t h e  non-equ i l ibr ium 

hypothe s i s . The r e l a t ive l y  lower spec i e s  reduc t ion frequency , 

compa red to the d i s turbanc e  in  the i n i t i a l  s tage , a l low e s tab ­

lishment of spec ie s w i t h  too low growth r a t e s  to exi s t  in the 

managed pas ture . The g a in of spec ies  i s  h ighe r than the lo s s  

of the opportun i s t ic s p e c i e s  p romo ted b y  the d i s turbance . 

NICHOLSON & MONK ( 1 9 7 4 )  found that s tab le  or  cons tant environ­

ments lead to h igh s p e c i e s  d ive r s i f ic a t ion , whereas un s tab le 

conditions lead to l owe red spec i e s  d ive r s i ty because rare or 

spec ial i z ed spec i e s  tended to be e l iminated . They conc luded 

tha t the number of va s c u l a r  p l an t  spec i e s  a s soc iated with 

various seral s tage s shou l d  be  direc t ly r e l a ted to h i s toric a l  
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preva lence of  the s tage , ( i . e .  s i z e  and durat ion of  exi s tenc e 

through time ) . Ac cording to th i s  view , dec remen t s  in f lori s t ic 

richne s s  of  the o lde s t  s tage s sho u l d  not be exp e c ted . LOUCKS 

( 1 9 7 0 )  and BAZ ZAZ ( 1 9 7 5 )  have shown that max imum spec ie s d iver ­

s i ty corre spond to  p e r iod s in wh ich spec ie s of  the shade -to lerant 

and shade - into lerant g roup s occur s imu l tanou s ly in the commu­

nity , a resu l t  s im i l a r  to the pre sent s tudy . LOUCKS ( op .  c i t . ) 

a s s o s iated a te rminal dec l ine in  the spec ie s divers i ty with the 

dominance of the communi ty by shade - to lerant spec ie s and 

exc lu s ion of the shade- in tolerant s pe c ie s . 

VAN MIEGROET ( 1 9 7 9 )  p o i n t s  out that max ima l spec ie s  d ive r s i ty 

in fore s t  suc ce s s ions i s  not typ ical for  the s teady s tate 

equ i l ibrium ,  due to homoge n i z a t ion , s truc tur a l  egal i z at ion and 

max imal b lock i ng of r e s ource s .  

The pr imary re source s for which the p lan t s  compe te , are l ight , 

nutr ients and water , and the suc c e s s  in  comp e t i t ion appears by 

occupat ion of space . C ircums tan t i a l  evidence for comp e t i -

tion in  the pre s en t  suc c e s s ion is  g iven in t h e  nega t±ve corre ­

la tion be twe en cover o f  the shrub l ayer and the herb layer , 

particu lar i ly d i s t inct  in the shrub-phase and the terminal s tage . 

Probab ly the spec ie s partly  are comp e t ing for l igh t . I n  the 

fore s t  s tage s ,  the inc r e a s ing shrub specie s c over and dec rea s -

ing herb spec ie s cover with age ind icate tha t  the shrub spe c i e s  

are super ior l ight-comp e t i tor s . Under an inc r e a s ing l y  den se 

canopy layer , the shrub s de r ive incre a s ing bene f i t s  f rom be ing 

close s t  to the l ight source . The shading may thu s be  a l imi-

ing factor in the  occurence and luxu r i ancy o f  herb spec ie s . The 

dec l ine in f lo r i s t i c  r ic hne s s  ( FD )  and the r e l a t ive ly low spe c i e s  

cover  proportion d ive r s i ty ( P PD ) i n  the terminal  stage mo s t  l ikely 

are caused by the dominating pos i t ion o f  the shade - to l erator s in  

the canopy and unde r s tory layer s . 

Compe t i tion for re s ourc e s  othe r than l ight occurs  s imu l tanou s ly 

in the sere . Water a s  a l im i t ing factor ( WH ITTAKER 1 9 6 5 ,  ODUM 
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1 9 7 1 ,  NICHOLSON & MONK 1 9 7 5 )  probab ly i s  o f  mino r impor tance 

in the pre s e n t  hab i ta t s , due to the high wat e r  leve l and the 

water holding and tran sporting capa s i ty o f  the s i l t-domina ted 

so il . Dep l e t ion and/or enrichment of  mine ra l nutr ient s are 

sugge s ted to be one of the factors  a f fe c t i ng d iver s i ty 

( WHITTAKER op . c i t . , 1 9 7 5  a ,  ODUM op . c i t . , . MELL INGER & MC MAUGHTON 

1 9 7 5 , VAN MIEGROET 1 9 7 9 ) . Gene ra l ly , the nu t r i e n t  s tock inc rease s 

with time in the succe s s ion a s  we l l  a s  the proport ion of  the nut r i ­

ents s tored in  t h e  vege t a t ion . In  the ma ture _ s tage s the 

nutr ient los s i s  minima l ,  due to the h igh degree of in ternal 

mineral cyc l ing . MELLINGER & MC MAUGHTON ( 1 9 7 5 )  found a lowe r 

leve l of  pho sphorous and n i tr a te in the 3 6  year o ld shrub -

growth o ld f i e l d  than in  f ie ld s  o f  4 - 5  y e a r s  a f ter  abandonement , 

the leve l o f  K wa s h i ghe r . They be l i eved tha t much o f  the 

corre sponding inc r e a s e  in p la n t  c ommun i ty d iver s ity wa s .c aused 

by local  d i f feren t i a tion in  s o i l  propertie s around ind ividua l 

p lants par t l y  through nu tr ient dep l e t ions and enrichment s ,  

re sulting in microgeograph i c  heteroge n i ty a l lowing penetrat ion 

of new spec i e s  to the commun i ty . Th i s  exp l an a t ion support s  

the view tha t  comb inat ions o f  hypothe s i s o f  d ive r s i ty-factor s 

are relevan t .  The s ugge s t ion o f  MELLINGER & MC NAUGHTON ( op . 

cit . ) inc lude s both c omp e t i ti on and environme n ta l  heterogenity 

as cooperat ive fac tor s i n  de termining the dive r s i ty leve l . 

When extended to the c l imax s tage o f  a succ e s s ion , however , 

the effec t s  o f  a lowered ava i l ab l e  prov i s ion o f  bas ic  nutrients 

in the soil on the spe c i e s  d iver s i ty ,  are que s t ionab le . GRIME 

( 1 9 7 9 )  argu e s  that the preva i l ing cond i t ion s · i n  the late s t  

stage s ( e . g .  shading , h igh propor t ion of  mine r a l  nutr ient s 

seque stered in the p l a n t s ) generate s e l ec t ion pre s s ure for a 

re lat ive ly h igh ab i l i ty o f  c ap tur ing and con s e rving re source s .  
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Sel ection for to l e ranc e again s t  s tre s s  ( i . e .  external  con­

straints l imit ing the rate of dry matter  produc t ion ) i s  

proposed t o  be  a ma j or mec han i sm whe reby the c l imax tre e s  

atta in the i r  dominanc e .  The monopo l i z ing o f  the resourc e s  

b y  the s e  dominan t s  thu s suppre s s e s  spec i e s  d ive r s i ty . Ind i­

cation of  such  c omp et i t ive exc lus ion occuis in s evera l s tud i e s  

of cl imax commun i t i e s  ( c . f .  LOUCKS 1 9 7 0 , AUCLAI R  & GOFF 1 9 7 1 , 
NICHOLSON & MONK 1 9 7 4 ) • 

The difference in dive r s i ty trend s b e tween the f lor i s t ic 

divers ity ( FD )  and the s p e c i e s  cover proportion dive r s i ty, 

( PPD , informat ion conte n t ) probably r e f l e c ts  the d i f f e rence 

in effects  of the dive r s i ty-determining f a c tor s upon the s e  

two commun i ty a t tr ibut e s .  T h e  l a c k  o f  inc rea s e  in spec i e s  

cover  proport ion d ive r s i ty dur ing the succ e s s ion i s  mo s t  l ike­

ly  assosiated with t h e  non-equi l ibr ium comp e t i t ive environment . 

This is  caused by haymak ing and burn ing , prima r i ly a f fe c t ing 

spe c ie s abundanc e  in the i n i t i a l  s tage , but a l so with repe r­

cuss ion s yea rs  a f te r  abandonemen t . The r e l a t ive ly h i gh degr e e  

of spec ie s equ itab i l i ty ( and low dominance )  in the open meadow 

seems to balance the h ighe r spec i e s  r ichne s s  in the second and 

third s tage when comp ared . Wat e r  leve l f luc tuations and the 

management have minor e f f ec t s  on the leve l o f  cove r propo r­

tion divers ity . c ompa r ing the two f i r s t  s e r a 1· pha s e s , how­

ever , the spec i e s  spec trum i s  cons iderab ly d i sp laced , con­

taining a s ign i f icant amount of comp e t i t ive in f e r ior opportu­

nists ( e . g .  some o f  the mo s se s )  in the me adow . 

Ap parantly ,
· 

the imp a c t  o f  d i s turban c e  i s  heavier on spec ie s 

richne s s  ( FD )  o f  the meadow commun i ty than on spec i e s  abundance 

dive r s i ty ( PPD ) , whe n  comp a r ing plot I and I I . The f requency 

and severene s s  of s p e c ie s populations reduc t ions in the in i t i a l  

stage have broug t about a f lor i s t ic d iver s i ty of  the similar  

magnitude as  the comp e t i t ive env i ronme nt provided by the c l imax 
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5 . 3 . Bird spec i e s  d iver s i ty 

The trend o f  inc r e a s ing spe c i e s  diver s i ty and evenne s s  at a 

decreas ing rate , and the de c l ine in  dominance dur ing the 

su c ce s s ion , conform to the predic t ion s of the suc c e s s ion 

theorie s as we l l  a s  to the ma j or i ty of previous b ird com­

munity s tudie s . However , the temporal d iver s i ty and dens ity 

peak in the shrub-pha se , a s  reported by other au thor s  ( c . f .  

JOHNSTON & ODUM 1 9 5 6 , HAAPANEN 1 9 6 5 ,  GiOWAC I N S K I  1 9 7 5 )  i s  

no t found i n  the pre s ent sere . To ve r i f y  i f  the apparent 

smooth cour s e  o f  parame te r deve lopment is rea l or acc iden­

tal , a bird  c ommun i ty at  a s tage b e twe en 1 0  and 3 5  year s 

after abandoneme n t  had to be  inve s t igated . 

Vegetat ion comp le x i ty i s  c le a r l y  a s s oc iated with the bird • 
commun ity s tr u c ture . The fun c t ional corre lations  in th� 

pre sent s tudy and numerou s  o th e r s  conform to the hypothe s i s  

of spatial  heteroge n i ty a s  a de terminant o f  spec i e s  d iver s i ty .  

Bird spec ie s d iver s i ty i s  found to be l ine a r ly corre lated with 

fol iage h e ight d ivers ity (FHDl ( MAC ARTHUR & MAC ARTHUR 1 9 6 1 , 

MAC ARTHUR 1 9 6 4 , KARR 1 9 6 8 , KARR & ROTH 1 9 7 1 , RECHER 1 9 6 9 , WILLSON 

1 9 74 ) or vege t a t ion s trata d ive r s i ty ( R0V 1 9 7 5 ) . 

Other inve s t igat io r s  have f a i l e d  to f ind c lear correlation s 

(e . g .  BALDA 1 9 6 9 , PEARSON 1 9 7 5 , ROTH 1 9 7 6 )  and have que s tioned 

the genera l i ty of  the BSD-FHD r e l a t ionship . 

TOMOFF ( 1 9 7 4 ) found tha t p l a n t  phy s iognomy wa s a better predic tor 

of  BSD in de s e r t  s c rub . DES GRANGES ( 1 9 8 0 ) cons idered the 

phy siognomic d iver s i ty o f  a fore s t  s tand to be corre lated to BSD . 

ROTH ( 1 9 7 6 ) found BSD to be mo re prec i s e ly predic ted by hab itat 

heterogenity than FHD . 

Other s have found corre l a t i o n s  b e tween b i rd spe c i e s  divers i ty 

ind i c e s  and p l an t  spec ie s d ive r s ity . 
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LOVEJOY ( 1 9 7 2 )  showed that p l ant spec ie s diver s i ty we re closer  
correl ated to BSD than FHD in a trop i c a l  rain fore s t . The 

number of breed ing land b ird spe c i e s  on C a l e forn ian i s lands 

wa s large ly accounted for by the numb e r  of n a t ive p l an t  spec ies  

in the s tudy o f  POWER ( 1 9 7 2 ) , a s im i l iar result  wa s found for 

the number of a l l  b ird spe c ie s  breeding on sma l l  Hawa i ian 

island s (AMERSON 1 9 7 5 ) . 

The vege ta t ion den s ity and cover  have been cons idered a s  

important hab itat  dime n s ions  inf luenc ing spec ie s dive r s i ty . 

Corre la tions between den s i ty or cover and s pe c i e s  d ive r s ity , 

however , are probab l y  not l inear . KARR ( 1 9 6 8 )  found a s tr igh t 

l ine re lat ion s h ip b e twe e n  b ird spec ie s dive r s i ty and log per­

cent vegetation cove r , but as KARR & ROT H ( 1 9 7 1 ) points  out , 

when analyz ing a broad var i ation o f  New Wor ld hab i ta t s , th i s  

cannot b e  gene ra l i z e d  to d i f ferent are a s . I n s tead they sug­

ge s ted a s igmo id r e l a t ion b e tween spe c i e s  d iver s ity and total 

percent p lant cove r , whe re the greate s t  rate o f  inc rease  in 

divers ity is ove r intermediate  va lue s of tot a l  percent vege­

tation cover . La ter WILLSON ( 1 9 7 4 )  found a curv i l inear rela­

tionship be tween the two var iab l e s . R0V ( 1 9 7 5 )  cou l d  not 

re j ect a hypothe s i s  of  l inear corre l a t ion whe n cons ider ing the 

same indice s in a dec i duous fore s t  grad ie n t . 

The data pre sented here , indicate a d i f ferent r e l a t ionship be­

tween the hab it a t  comp l e x i ty , f o l iage vo lume and spe c i e s  diver­

sity than ind ice s obtained b y  o ther s . Some regre s s ion equa t ions 

are given for comp a r i s on in Tab le  XXX I V . The s l ope in the 

pre sent s tudy is s ign i f icantly sma l l e r  than in the fol iage he ight 

diver s ity ( FHD ) - b ird spec ie s dive r s i ty ( BS D ) re l a t ionship s of 

MAC ARTHUR & MAC ARTHUR ( 1 9 6 1 ) for a w ide range of open and 

c lo se d  dec iduou s fore s t  h ab i tats . The d i f f e rence is pre sent when 
comparing with the data f rom a secondary succ e s s ion gradient on 

strip -mined land g iven by KARR ( 1 9 6 8 ) . The s lope of the dec iduou s 

fore st grad ient in we s tern Norway , ob ta ined by R0V ( 1 9 7 5 ) , is  



- 1 2 9 -

Table XXXIV . R e lations between b ird. spec i e s  divers ity ( B S D )  and fol iage 
heigh t  dive r s i ty ( FHD ) I vege tation strata dive r s i ty (VSD ) 
or den s i ty ( STD ) for some selected studie s . 

Regre s s ion equations p < Source 

BSD = 0 . 4 6 + 2 . 0 1  FHD 0 . 00 0 1  1 )  MAC ARTHUR & MAC ARTHUR 
1 96 1  

BSD = 1 . 5 2 1  + 1 . 6 7 8  F HD 0 . 00 1  1 )  KARR 1 96 8  

BSD = 0 . 3 2 + 2 . 1 5 F HD 0 . 00 0 1 1 )  RQ}V 1 9 7 5  

BSD = 0 . 1 0  + 2 . 60 VSD I 5 )  0 . 00 0 1  1 )  " " 
0 . 00 3  2 )  " " 

BSD = 1 . 8 5 4  + 0 . 8 1 STD 5 )  0 . 0 2 1  1 )  I I  II  

0 . 0 9 2 )  .. II 

0 . 00 0 1  3 )  II II 

0 . 0 3 2  4 )  " II 

1 )  P denote s the s igni f icance leve l in a t-te s t  of the hypothe s i s : 
a0 : B l  ( re ferenc e ) - B l  ( present s tudy ) = 0 against 

H 1 : B l  ( re f e renc e )  > B l  (present s tudy ) ( one-tailed te s t )  where 

Bl is  the s lope in the regre s s ion equations . The regre s s ion equat ions 

in the pre s e nt s tudy is g iven in T ab le XXX . 

2) A s imi l iar te s t  as in 1 ) , but the t e s t  is  based on the reference data . 

3 )  Te st on differences in the intercepts . 

4 )  Test on differenc e s  in the inte rcept s ,  based on the referenc e  data . 

5 )  Pre sent notation . 

signif ican tly h ighe r than the pre sent , bo th for FHD and vege ta­

tion s trata diver s i ty ( VSD I ) . When  compar ing R0V ' s data , us ing 

the den s i ty o f  the shrub and tree layer ( STD )  in the regr e s s ion , 

a difference b e tween h i s  and the pre sent s lope i s  l ike ly the 

cas e ( c . f .  Tab l e  XXXIX  and F ig .  2 5 ) . The leve l o f  BSD for h i s  

habitats i s  s ign i f icantly h ighe r , when eva luat ing t h e  inter­

cep ts in the regre s s ion l ine s . 

When analys i ng the probab l e  c au s e s  of  th i s  lower spec ies  diver­

sity pred icted by a certain hab i t a t  he terogen i ty or  fol iage 
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vo lume , compared to the re ferenc e s , the range of  var ity in 

type s of hab i t a t s  c ontr ibut ing to the regre s s ion l ine s mu s t  

be  empha s i zed . Pre sumab l y ,  several  o f  the c i ted inve s t iga­

tions inc lude a wider grad ient in hab i t a t  heterogenity and 

othe r  ma j or ecolog i c a l  f a c tors . Howeve r , other obs ervat ion s 

supports the f inding o f  th i s  s tudy tha t  the alder fore s t s  

have b ird communi t ie s  w i th lower spec ie s divers ity than other 

dec iduous fore s t s  of s im i l iar f o l i age · pro f i l e  diver s ity or 

dens i ty .  Whe n  c omp a r ing the d ive r s i ty /den s i ty r e l a t ionship 

in var iou s dec iduou s fore s t s , the a lder fore s t s  i s  characte­

rized by a low spe c ie s  d iver s ity ( BS D )  and a h igh community 

density WCD ) ( F ig . 2 9 } .  Subalpine b irch fore s t s  h ave BSD 

of  the same mag n i tude , but with only about 1 0  % of BCD compared 

BSD 
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B ird spec i e s  dive r s ity ( BSD ) and b ird communi ty dens ity 
( BCD = p a i r s /km2 ) in various de ci duous fore s t  hab i tats . 

The f igure i s  comp iled from the l i terature . The alder 
fore s t  data is g iven in JOHANSSON ( 1 9 7 1 ) , MOKSNES ( 1 9 7 4 ) , 
SJtl'HER ( 1 9 8 0  a )  and the pre sent s tudy . The da ta from 
subalpine b irch forests is taken from ROGSTAD ( 1 96 9 ) , 
YTREBERG ( 1 9 7 2 )  / MOKSNES ( 1 9 7 3 ) and R0V ( 1 9 7 5 ) . The 
mixed dec iduous for e s t  data is extracted from JOENSEN 
( 1 96 5 )  ( be e c h ) , GiOWACINSKI ( 1 9 7 2 , 1 9 7 5 )  ( oak-hornbeam) , 

WI LLIAMSON ( 1 9 7 4 )  ( oak ) , R0V ( 1 9 7 5 )  ( e lm-a sh ) and from 
two s tudies reported by JARVINEN ( 1 9 7 9 )  (Bl , B2 in hi s 

B C D  
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to the alder fore s ts . Var ious other mixed de c iduou s fore s t s  

have a cons iderab l e  h igher  B S D ( U = o ,  P < 0 . 0 0 1  in a two-ta i led 

Mann-Wh i tney U - te s t ) ,  and a BCD of  about 3 0 - 5 0  % of the f igure s 

from alde r  fore s t s . 

The corre lation b e twe en d iver s i ty and den s i ty i s  po s i t ive for sub­

alpine b irch fore s t s , r = 0 . 7 6 ( P  < 0 . 0 1 ) ( HOGSTAD 1 9 7 5 ) , po s i­

tive but non s ign i f  icant for the other dec iduou s fore s t s  cons idered 

in Fig . 2 9 , r = 0 . 4 1 7  ( P  � 0 . 1 2 ) and nega t ive , r = - 0 . 6 9 3  

( P  < 0 . 0 3 )  for the a lder fore s t s . 

It is doub t fu l  whe the r the ma j or i ty o f  the var i a t ion in bird 

spec ie s d ive r s i ty among the s e  c i ted s tud i e s  is accounted for 

by dif ferenc e s  in fo l iage s t ruc ture d ive r s i ty or den s i ty . 

The sma l ler BSD pre d i c ted by a g iven value o f  a hab itat  s truc ­

ture index i n  the fore s t  commun i t ie s  o f  the pre sent succe s s ion , 

compared to other fore s t  hab i ta t s ,  reve a l  the s hortcoming s . o f 

the se hab itat s tructure parameters  in pred i c t ing spec ie s diver­

sity and cha l lenge the  gener a l i ty o f  the hyp o the s i s o f  spatial 

heterogen i ty as the ma j o r de terminant of s p ec i e s  d iver s i ty . 

The bird dive r s i ty o f  the two fore s t  hab i t a t s  in  th i s  study 

is not s tr i c t l y  in agreeme n t  with the sugge s t ion o f  MAC ARTHUR 

( 1 9 7 2 )  that the d iver s i ty doe s no t d i f f e r  b e tween hab itats o f  

simi lar s truc tur e ,  whe ther i n  North-Ame r i c a  or  Europe , and that 

divers ity d i f ferenc e s  are exp la ined by the s truc tural dif ference s .  

Formally , succe s s fu l  corre l a t ions between spec i e s  dive r s i ty and 

spatial he teroge n i ty indice s ,  permits  no de f i n ite conc lus ions 

on the latter a s  a p r imary cau s a l  factor . The hab itat  comp l ex i ty , 

or vegetation s truc ture , i s  more or le s s  corre l a ted with othe r 

Irechan isms inf luenc ing spec ie s d ive r s i ty ( food re sourc e s , re source 

utilation pattern , inter spec i f ic coevolutionary force s )  ( KARR 1 9 8 0 ) , 

and might thus be l ooked upon as a sec ondary , extr in s ic factor . 
Data from the pre s e n t  suc c e s s ion indicate that the corre lations 
between the s e  d ive r s i ty regu l a tor s and hab i ta t  h e terogen i ty 

dif fe r among d i f ferent hab ita t s . 
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The discu s s ion o f  re l a t ing hab itat s t ruc ture to breed ing bird 

densities  and commun i ty dive r s i ty i s  re s t r i c ted by the va l id i ty 

o f  the as sump t ion that the non-bree d i ng sea son i s  o f  minor 

importanc e .  FRETWELL ( 1 9 7 2 ) among o th e r s  have sugge s ted tha t 

morta l i ty fac tor s op erating out s ide t h e  breeding-per iod , may 

be o f  the magn i tude tha t breed ing den s i t i e s  .some t ime s r e f l e c t  

the winter surv ival more than charac ter i s t i c s  of  t h e  breeding 

hab i tat . 

MAC ARTHUR ' s  ( 1 9 7 2 ) general theory o f  spec i e s  d iver s i ty sug­

ge sts  that the numb e r  of spe c i e s  is inc re a s ing with incre a s ing 

re source span ( ni che space ) , incre a s ing n iche ove r l ap s  and 

decreas ing ave rage spec ie s - spec i f ic p ropo r t ion of  r e s ourc e s  

uti l i zed . The spec i e s  number in a h a b i t a t  oc cup ied by spec ie s 

where the two l a tter fac tor s are equa l , are thu s proportiona l 

to the re s ource span : Spec i e s  d ive r s i ty i s  according to th i s  

view proport iona l t o  the d ive r s i ty o f  re sourc e s . CODY ( 1 9 7 4 ) 

states tha t the vert i c a l  fol iage e s t imate s e . g .  f o l i age he ight 

divers i ty ( c . f .  MAC ARTHUR & MAC ARTHUR 1 9 6 1 , MAC ARTHUR e t . a l . 

1 9 6 6 )  are approx ima tions  of  the niche  space in the habitats . A 

ma in que s t ion  in  ana l y z ing the pre s e n t  d iver s i ty p a t tern i s  

t o  what extent the dive r s i ty of  re s ource s corre spond with 

f o l iage layer d iver s i ty .  Data ind i c a te that the corre lat ion 

is not too c lo s e . The re la t ive ly l ow dive r s i ty o f  Alnu s - fore s t  

compared t o  the i r  h igh breeding b ir d  den s i t i e s  i s  s tr ik ing , and 

sugge s t s  tha t  the dive r s i ty of  re sourc e s  is re l a t ive ly low 

compared to hab i t a t s  of s imi lar f o l i age s t ruc ture and den s i ty . 

Cl imatic f luc tu a t ions  cause incre a s ing r e s ource u t i lation pro­

portion and hence dec rease  the numb e r  of spe c i e s  ( MAC ARTHUR 

1 9 7 2 ) . In  more  pred i c tab le environme n t s , with s e a s onab le 

stab le ,  dependab l e  resource s ,  compe t ive pre s sure s could cause 

spec ial i z a t ion of spe c ies  and the reby promote greater spec ie s 

packing and h igher  d ive r s i ty ( KLOPFER & MAC ARTHUR 1 9 6 0 , 

LEVINS 1 9 6 8 , SANDERS 1 9 6 9 , KARR 1 9 7 6 ) . On the o the r hand several  

au thor s have sugge s ted  that environme n t a l  var i ab i l i ty can 

enhance dive r s i ty by d i s rupt ing pot e n t i a l  compe t i t ive dominanc e 
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among spec ie s , or by provid ing tempo ra l me an s o f  ecological  

dif fe rent i a t ion ( WH ITTAKER 1 9 7 5  b ,  WIENS 1 9 7 4 , 1 9 7 7 , CONNELL 

1 9 78 ) . 

STILES ( 1 9 7 8 )  attr ibuted h ighe r spec ie s numb e r  in a trop ical 

alder fore s t , compared to a temperate of s imi l iar s truc ture , 

to weather pred i c tab i l i ty . He a s sumed food r e s ourc e s  to be 

more predictab l e  as a cons equenc e , enab l ing b i rds  to evo lve 

more spe c ia l i z ed  fo rag ing method s ,  a l lowing more  spe c i e s  to 

coex i s t . 

The niche breadth i s  wider in hab i t a t s  of  c l im a t i c  and re source 

uncerta inty than in predictab le are as  ( CODY 1 9 7 4 ) , and n iche 

overlap incre a s e s  with c l imat i c  pred i c tab i l i ty . In unpredictable 

habitats  the spe c i e s  are o f  la rge r  and more v a r i abl e s i z �� ' with 

re lat ive ly s im i l a r  d i e t s  and forage s trategi. e s . I n  the mo re pre­

dic tab l e  hab i ta t s , howeve r ,  the body s i z e s  are sma l ler  and the 

morpho log ica l s im i l a r i ty is more pronounc ed . The forag ing methods 

are more var iab le .  

In the pre s e n t  succe s s ion , the i n i t i a l  s tage s are probab ly more 

unpred ictab le than the l a ter , at lea s t  whe n  c o n s ider ing f l ooding 

in the breeding sea son . The predicted p a ttern o f  theory ( l arge 

size s ,  s i z e -var iab i l i ty and re l a t ive ly s im i l iar forag ing s trate­

gy ) conf orms to the b i rd commun i ty , a t  lea s t  at s tage I .  In the 

later shrub and fore s t  s t age s , the ind ividu a l  body s i ze s  are 

smaller and more s im i l iar , and the foraging me thods are probab ly 

more dive r s e .  

The que s t ion i s  if  morpho log i c a l  parame ter s and feeding strategy 

var iab i l ity are good ind i c a t o r s  of niche breadth and over lap ? 

Morpholog ic a l  s imilar i ty and n iche ove r l a p  wa s not corre lated 

in an ana ly s i s  of niche me t r ic s in an a lder fore s t  b i rd commu ­

nity in Centra l Norway ( S�THER 1 9 8 0  b ) . Due to the lack of 

such data from the pr e s ent  b ird commun i t ie s , no definite an�rs to the 

que stion can  be g i ven . I f  the ind icator s o f  n iche breadth and 

overlap were re l iab le , some of the highe r spec i e s  d iver s i ty in 
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the later succ e s s iona l b i rd commun i t i e s  could be exp la ined by 

smal l e r  niche breadth and greater  n iche ove r l ap . 

Another ind ire c t  way of  d e termin ing the importance o f  n iche 

bre adth and ove r l ap , is cons ide r ing the environme n t a l  fac tor s 

produc ing them under the a s s ump t i on o f  s ign i f icant  corre lat ion s 

between the s e  f a c to r s  and bre adth and over l ap . 

Climatic in s t ab i l i ty shou l d  c au s e  f ewer s pe c i e s  to coex i s t  due 

to the le s s e r  tolerable r e s ource u t i l a t ion ove r lap among comp e ­

ting spec i e s  ( MAC ARTHUR 1 9 7 2 ) . Spec i e s  dive r s i ty i s  actua l ly 

lower in the hab i ta t s  o f  h ighe s t  environmental  uncerta inty in 

the pre s e n t  succ e s s ion ( p l o t  I and I I )  . 

Evaluat ing the r e l a t ive impor tance o f  hab itat  s tructure , . a  

mea sure of  n iche space , and habi tat unpredictab i l i ty ,  an in­

airec t mea sure of n iche breadth and overlap , in  determin ing 

specie s  dive r s i ty is pos s ib l e  in a mu l t ip le regre s s ion . But 

hydrolog ic unc e r ta inty , mea sured as max imum per cent of  the p lot  

flooded , d id n o t  s ign i f icant ly increase  the  f un c t ion a l  exp la­

nat ion of b ird spec i e s  dive r s i ty ( BSD ) or spe c i e s  r ic hne s s  ( BS R )  

in add i t ion to wha t shrub a n d  t r e e  dens i ty ( STD )  or vege tation 

strata d iver s ity ( VSD  I I ) e x p l a ined a lone . The f ac t  that the 

hab itats with the s imp le s t  s t ruc ture s imul tanou s ly are unde r­

going the grea t e s t  inundat ion , comp l icate5 the interpretation 

of th i s  r e s u l t .  The lowe r d iver s i ty in the e a r l y  s tage s could 

either be  exp l a ine d b y  a l o w  f o l i age  dens i ty ( or dive r s i ty )  o r  

by an exten s ive f looding . T h e  forme r factor i s  the mo s t  probab le . 

To evaluate whe the r the s e  f a c to r s  are comp l eme n tary or not , data 

sets for more year s are needed . 

De f in ite conc l u s ion s on how the n iche breadth and ove r l a p  fac tor s 

af fect b ird spe c i e s  dive r s i ty ,  however , can on ly  be done whe n  

the se niche me t r i c s a r e  e s t imated for a l l  commun i t i e s  under 

cons iderat ion . 
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Relat ive ly h igh dominance ( o r  i t s  counterpart low dive r s i ty )  

in a commun i ty c an be r e l ated to the r e l a t ive " harsne s s " of  

the environment both in s hrub - gra s s and avian commun ities  

(WHITTAKER 1 9 6 5 ,  MC NAUGHTON & WOLF 1 9 7 0 ) . Con s equently , KARR 

( 1 9 7 1 ) conc luded tha t i f  l e s s  s pa t i a l  he terogen hab itats in­

volved harsher environme n t s , a trend for reduc t ion of the 

dominanc e w i th vege tat ion deve lopme n t , wou l d  be expec ted . 

The har sher e nvironment s  wou l d  invo lve such factors a s  greater 

diurna l and / o r  sea sonal f l u c tu a t i on s , or hydrologic f luctua­

tions . CODY ( 1 9 7 4 ) f ound tha t c l imat i c  unpre d i c tab i l i ty and 

habitat p rodu c t ivity were s ign i f ic a n t  contr ibutor s to the 

exp lanation o f  d iver s i ty in 8 hab i ta t s  a l ong a s tructural gra­

dient on x e r i c  s i t e s . Fol iage he ight dive r s i ty ( FH D )  alone 

explained 8 1  % of the b ir d  spe c ie s  d iver s i ty var i a t ion , but 

unpredictab i l i ty and re s our c e  produc t iv i ty s ign i f ican t ly in­

crea sed the c oe f f i s i ent o f  determination to 9 0  % .  The c l ima te 

variab i l ity reduced the s p e c ie s  d ive r s ity and the product ivity 

caused increme n t . 

Spec ie s d ive r s i ty i s  corre l a ted to hab i t a t  produc t ivity , more 

spec ie s  can be packed into more produc t ive hab itats  ( MAC ARTHUR 

1 9 7 1 ) . Thi s is to be expected for two rea s on s . F ir s tly the 

more produc t ive hab i t a t s  provide a gre ater r e s ource span . 

Second ly , due to the a s s ump t ion tha t spec i e s  have a more spec ia­

li zed diet  whe re food is  abundan t , the average spe c i e s  uti la­

tion of  the r e s ourc e s  is reduced . The s e  factors  both enhance 

the number  of spec ie s coex i s t ing in the hab itat ( MAC ARTHUR 

1 9 7 2 ) . S inc e no data on b ioma s s e s  and spat i a l  d i s t r ibu tion 

o f  invertebrate s , the ma j or re s ource b a s e  for b irds in the 

breeding p e r iod , are ava i l ab l e  f rom the pre s e n t  hab itats , no  

de f inite conc lu s ion s can be drawn on  the impac t o f  produc tivity 

on spec ie s  dive r s i ty ver s u s  o the r factor s . However , the den s i ty/ 

diver s i ty re l a t ion s h i p s  in  a lder fore s t s  ver s u s  o ther dec iduous 

fore s t s  ind icate  that product iv i ty is a poor pred ictor of  

divers i ty . 
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From the review o f  s tudie s o f  preda tor -prey mode l s , STENS ETH 

( 1 9 8 0 ) conc luded tha t  increa sed spa t i a l  h e t e rogen i ty caused 

increased popu l a t ion s tab i l i ty .  I n  the mode l s , refuges for the 

prey or patchine s s  wa s operat ing by reduc ing the ava i l ib i ty 

of the prey for the preda tor . The number o f  spec i e s  ex i s t ing 

in a struc tur a l  comp l ex  hab i t a t s  is expec t ed to be h igher 

compared to a s imp l e r . Zoo- geograph i c a l  data on birds and sma l l  

mammal s from Fenno - S c andia  support the s e  conc l u s ions ( c . f .  

J�RVINEN & V�I SANEN 1 9 7 8 , J�RVINEN 1 9 7 8 , 1 9 7 9 ) . I n  the pre sent 

succ e s s ion , the commun i ty den s i ty var i a t ion in the s imp le s t  

hab itat i s  h igher than i n  the mo re comp l e x  one s .  Whe ther the 

re lat ion s h ip s  b e twe en predat ion , spa t i a l  heteroge n i ty and popu l a ­

tion s tab i l i ty a r e  ope r a t ive in the s e  hab i t a t s , a s  predicted from 

theory, cannot be ru l e s  out . But the comp l i c a ting factor in 

analys ing the p a ttern i s  that the mo s t  open a nd s imp l e s t  hab itat 

is the mos t unpredictab le and hydro l o g i ca l ly f luc tuat ing . The 

terminal s tage , the den s e s t  and mo s t  s tr a t i f ied hab itat , ma in-

tain the h ighe s t  s pe c ie s  den s ity ( B S R )  i n  the succe s s ion . The 

predicted re l a t ive l y  h igh s t ab i l i ty o f  popu l a tion dens i t i e s  

from the predator-prey mod e l s i s  not found , a n d  t h e  ac tua l den­

sity var i a t ion shou l d  y i e l d  a l owe r spec i e s  number than ob ser-

ved , compared to the  p r e c eding s tage . The r e l a t ive l y  h igh spe c i e s  

dens ity ( BS R )  may neverthe le s s  be a f fec ted b y  predation-re s training 

mechan i sms , the h i gh f o l i age den s i ty may provide hiding p lace s 

from predator s . A re fuge - e f f e c t  from a preda tor-antagon i s tic  

c olony of  Turdus pilar i s  ( c . f .  SLAGSVOLD 1 9 7 9 , 1 9 8 0  a ,  b ) , may 

have inf luenced the dens i ty of spe c i e s  i n  the c l imax stage . 

However , to detect  such e f fec t s , data from more ye ars wou l d  be 

required , or data from a lder fore s t  of s im i l iar s truc ture but 

without or with sma l l e r  den s i t ie s  of Turdu s pilari s . 

5 . 4 .  Dominan c e - diver s i ty and interspec i f ic comp e t i t ion 

In ear ly suc ce s s ion a l  s tage s the interspe c i f  ic comp e t i tion i s  

assumed t o  b e  heavier  than in intermed iate o r  l ate s tage s 

(BAZ ZA Z  1 9 7 5 , WHI TTAKER 1 9 6 5 ,  1 9 7 2 ,  1 9 7 5  a ) . The impo r tance 



- 1 3 7 -

and degree o f  i n ter spec i f ic compe t it i on in commun i t ie s  can 

be evaluated . in dominanc e-dive r s ity curve s ( WH I TTAK E R  o p . c i t . ) ,  

where the re l a t ive abundanc e  o f  a spec ie s in a log s c a l e  i s  

plotted aga in s t i t ' s  rank o f  abundance i n  t h e  commu n i ty . The 

nbroken- s t i c k " spec ie s abundance di s t r ibution i s  exp e c t e d  

when ecolog ic a l  homogenou s group s o f  spec ie s appo r t ion among 

themse lve s a f ixed amount of a gove rn ing re source at random 

(MAC ARTHUR 1 9 6 0 ) . The re su l t ing r e l a t ive ly  un i f orm d i s t r i ­

bution appe a r s  f la t - s igmo id when p lotted in  t h e  dom inanc e ­

divers ity d i agram ( WH I TTAKER 1 9 7 2 , MA Y  1 9 7 5  ) • A s tra ight 

line p l o t  re f l e c t s  a ge ome tric s e r ie s  d i s t r ibution , arr ived at 

when the commu n i ty ecology is  dominated by a s ing l e  fac tor . 

The divi s ion o f  the n iche vo lume i s  organi zed h i e r a rc i a l , i . e .  

the dominant spe c i e s  pre-emt s a spec i f ic proportion , the next 

a spe c i f ic proportion of  the  rema inder and s o  on (WH ITTAY.ER 

1 9 7 2 , MAY 1 9 7 5  ) • S imp le p lant commun i t i e s i n  h a r s h  envi­

ronments , o f te n  conform to th i s  p a t tern . Log � e r i e s  

di stribut ion i s  o f ten found f o r  un s tab l e  b ird c ommun it ie s  

(STENSETH 1 9 7 9 ) . When many independent fac t o r s  interp l ay , the 

pattern of r e l a t ive abundance usua l ly fo l lows a l ognorma l 

distr ibu t ion . The fac t o r s  are compounded mul t ip l i c a t ive ly 

rather then add i t ive ly ( WH I TTAKER 1 9 7 2 , MAY 1 9 7 5  ) . The log 

re lative abundanc e - spec ie s rank ing p lot  of a lognorma l d i s tri­

bution i s  s igmo id . The re l a t ive evenne s s  o f  commun i t i e s  exh i ­

b i t ing a " broken- s t ic " d i s tr ibut ion i s  highe s t ,  the  geome tr ic 

serie s d i s tr ibut ion shows lowe s t  and lognorma l shows intermedi- · 

ate evenne s s  when communitie s are compared ( MAY 1 9 7 5  ) . 

Stable b ird commun itie s con form to the lognorma l spec ie s abun ­

dance d i s tr ibut ion ( STENSETH 1 9 7 9 ) . I n  F ig . 3 0  the dominance­

divers ity or  r e l a t ive abundance curve s for the succe s s iona l 

p lant. and b i rd commun i t i e s  are pres ented . The ove ra l l
_ 

pattern 

for the p l ant commun i t i e s  is an approach from a d i s tribut ion 

relat ive ly mo s t  l ike a geome tr ic serie s in the two initial  

stage s t o  a curve cour se r e l a t ively closer to a l ognorma l d i s ­

tr ibution in  the two later s tage s . Howeve r ,  t h e  p a t tern i s  
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I I I  IV P lo t  

Fig . 30 . Relative abundance curve s for p l an t s  and birds i n  suc c e s s iona l 
s tage s . For p l an t s  the cover proportion ( CP )  i s  empl oyed ( • ) , 
for the b irds re lative breeding den s i ty ( o ) . The po ints repre ­
sent a spec ies , plotted on a log scale ( ordinate ) ve rsus rank 
no . , the mo s t  abundant spe c i e s  first and the least spe c ie s  last  
in the sequenc e ( ab s c i s sa ) . The  curves a r e  f i tted to the points 
by eye . 
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ne ithe r c l ear nor unequ ivoca l .  The s lope o f  the curve s i s  

almos t  identica l whe n cons ider ing spe c ie s  comp r i s ing more 

than 0 . 5 % of the commun i t i e s . The bird commun i t i e s ' d i s ­

tribution s _ exh ib i t  i n  the ir e s sential  f e a ture s approx imate­

ly the same pattern as the preceding , bu t a logno rma l - l ike 

distr ibu t ion appear s only in the terminal  s tage . The s l ope 

angle of the two fore s t  h ab i tat  di s t ributions ind icate s a 

re lat ive ly h i gher b ird s pe c ie s  evenne s s  in the l a te s t age s 

compared to the ini t i a l  in  acc ordanc e w i th the evenne s s  

indice s .  The para l l e l l i ty i n  dominanc e - d i ve r s i ty of  the 

commun i t ie s  in the we t me adow and shrub me adow hab i tat s 

( I  and I I )  i s  con s iderab l e . The s lope i s  s teep for the 

mo s t  common spe c ie s ,  the dominants , and leve l s  o f f  for the 

rarer spec i e s . The p r e s e n t  dominanc e - d ive r s i ty curve s are 

rather inconc lu s ive as ind icators of  interspec i f  i� compe7 

tition and commun i ty s t ab i l ity . On ly the curve s .for the 

bird commun i t i e s  ( part icular  the c l imax s tage ) may sugge s t  

a decreas ing r a te o f  inter spe c i f ic comp e t i tion in  de te r- · 

min ing the s tructure o f  the commun i t i e s  al ong the succe s s io­

nal gradient . Among b i rds , several autho r s  have found in­

crea s ing inte r s pe c i f ic compe t i t ion with de c r e a s ing s truc tu­

ral comp l e x i ty in the hab itats , re su l t ing from increased 

inter spec i f ic t e r r i to r i a l i ty ( ORIANS & WILLSON 1 9 6 4 , 

WAS ILEWSKI  1 9 6 7 ,  C ODY 1 9 6 8 ,  1 9 7 4 ) . 

S . S . B i rd commun i ty dens i ty 

The commun i ty den s i ty e s t ima te s o f  the p r e s e n t  s tudy con form 

to mapp ing me thod da ta ob ta ined in comparab le hab itats  e l se ­

where . The den s i ty o f  the i n i t i a l  s tage f a l l s  wi thin the 

range of var i a t ion o f  the f igur e s  f rom 1 3  C entra l -European 

wet meadow commun i t ie s ,  comp i l e s  by LARSEN & M0LLER ( 1 9 7 8 ) . 

The mean den s i ty o f  the s tud i e s  they r e f e rred wa s 1 2 6 pairs /km2 

� - 2 2 ( S . D . ) .  In  the later stage s , the b ir d  commun i ty den s i ty 

is clo se to the e s t ima te s in Alnus- forest s  in Central-No rway , 
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2 3 0 6  pa ir/km 2 found by MOKSNES . ( 1 9 7 4 ) and 3 4 2 9 - 4 4 4 3  p a i r s /km 2 

by SETHER ( 1 9 8 0  a ) . F i gure s from South- Sweden , 1 1 4 0 - 2 5 0 0  pa ir s /  

km2 (JOHANSSON 1 9 7 1 ) are of  the same magn i tude . The s e  c i ted 

densit ie s are n o t  s tr ic t ly comparab le , due to some me thod ica l 

diffe rence s  ( e . g .  census  timing , spec i e s  compo s i t ion ) , however , 

they give sat i s factorily b a s i s  for contra s t ing other fore s t  

hab itats ( se e  F ig .  29 ) .  The den s i t ie s  of  the pre s e n t  s tudy 

are a fur ther supportion o f  MOKSNE S ' ( 1 9 7 4 ) s ta teme n t  that the 

Alnus- fore s t s  s u s ta i n  the den s e s t  b ird commun i t i e s  o f  any 

North-European fore s t  hab i tat s . Even compared with s ome trop i­

cal  fore s t s  ( KARR 1 9 7 6 ) , the  den s i t i e s  a r e  h ighe r . 

Bird den s i t i e s  are , a t  lea s t  partly , corre la ted to h ab i ta t  

product ivity ( OELKE 1 9 6 8 , MAC ARTHUR 1 9 7 1 , VON HAARTMANN 1 9 7 1 , 

MURDOCH e t . a l .  1 9 7 2 ) . To supp o r t  the energy demand s of  the 

high b i rd dens i ty of the later s t age s of the pre s e n t  succe s s ion ,  
the produc t ion o f  food for the b ir d s  in the breeding per iod 

must be con s iderab l e . I f  the re e x i s t s  a l inear i ty be twe en dens i ty 

of the fo l iage and ava i lab le  food dens i t ie s , the l a t t e r  fac tor 

expla2ns the ma j or i ty of the var i a t ion in bird dens ity a long the 

suc c e s s iona l gradie n t . Evidence ex i s t s  that food re s ourc e s  have 

maj or impac t s  on b i rd den s i t ie s ,  e . g .  in the s tudy of HOLME S & 

STURGE S ( 1 9 7 5 ) in a northern hardwood eco sy s tem . The change 

in to tal number  of breeding b i r d s  dur ing f ive con s e c u t ive summers  

re flec ted the varying abundance  of  a de fol iating caterp i l lar 

populat ion . 

The highe r den s i t ie s in a more  produc t ive hab itat  are not only 

caused by h ighe r  food supp l y , but the vege tat ion den s ities  

often tends to be  h ighe r in produc t ive are as  and  thus  provid ing 

bette r h iding p l a c e s  from predator s and reduc ing the number of  

intra spec i f ic intera c t ions ( MAC ARTHUR 1 9 7 1 ) .  Predation is  

known to reduce comb ined popul a t ion den s itie s ( FRE TWELL 1 9 7 2 , 

TOMIAtOJC & PROFUS 1 9 7 7 )  . .  The c ommuna l mobb ing o f  predator s 

in c olonie s o f  Turdu s p i l ar s , s e ems to be an e f fe c t ive de fence 

s trategy . The spec ie s a f f e c t  pre s ence and den s i ty of other 

spec ies in the commun i ty ( SLAGSVOLD 1 9 7 9 , 1 9 8 0  b ) . Ne s t s  of 

these spec i e s  are s a f e r  from egg predat ion when bu i ldt within 
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a Turdus pi lar i s  c o l ony ( SLAGSVOLD 1 9 8 0  a ) . The den s i ty o f  

some spec ie s  inc re a s e d  cons iderab ly whe n the ·Turdu s p i l ar i s ­

de nsi ty wa s inc r e a s e d  exper imenta l l y  ( SLAGSVOLD 1 9 8 0  b ) . The 

high breed ing den s i ty of the other spe c ie s  in the c l imax s tage 

of the pre sent succe s s ion , may be part i a l ly exp l a ined by the 

dense Turdu s p i l ar i s - c o lony ne s ting the re . However , to de tec t 

such mechan i sms , remova l expe r imen ts  o f  the spe c i e s  would be 

requ ired . 

5 . 6 .  Succe s s ion rate  and s tab i l i ty .  

Ecosystem stab i l i ty c a n  be  cons ide red a s  a r e l a t ive ly s teady­

s tate equ i l ibrium of the spec i e s  compos i t ion  (MARGALEF 1 9 6 8 , 

ODUM 1 9  6 9 ,  HORN 1 9 7 4 ) , or cons fancy - ir  . .  the sense  o f  ORIANS 

( 1 9 7 5 ) , lack of chanqe in some parame ter (e . .  q .  taxonomic 

compo s i tion ) of a . s y s tem . S tab i l ity ,  in  the s impa.-a sen se of 

" absence o f  change " - · inqr e a s e s  a s  succ e s s ion proceeds ( HORN 

1 9 7 5 a , b ,  WHI TTAKER 1 9 7 5  a ) . Th i s  kind o f  s tab i l i ty i.s 

qradua l ly achieved towards ·c l imax in the p r e s e n t  succ e s s ion , 

as would be exp e c ted . 

The conqruency in  trerids · o f  dec l in inq succe s s ion rate be tween 

the present p l a n t  and b i rd commun i t i e s  ind i c a te s  tha t  the . 

spec ie s compo s i t ion s t ab i l i ty i s  a prop e r ty · o f  g�ne ral  app l i ­

cat ion in an · e c o s y stem undergo ing suc c e s s ion . Evident ly , i t  

is  independent o f  t h e  spec ie s d iver s i tv leve l and trends i n  the 

compone nt p l a n t  and b ird c ommun i t ie s , s inc e the se  exh ib it 

dif ferent trends and succ e s s ion - r ate doe s not . As  WHITTAKER 

( 1 9 7 5  b )  po int s out , even if the compone n t  commun i t i e s i s  

l inked by shar ing s pe c i e s , each commu n i ty may b e  partly se l f ­

regu lated . Thu s inc r e a s e d  d ive r s i ty o f  the 'commun i ty doe s  no t 

imp ly inc re a s ed s p ec i e s  s tab i l i ty . 

When cons ider ing f a c t o r s  a f fe c t ing the succ e s s ion rate de cre­

ment , or how r ap idly a c l imax spec i e s  comp o s i t ion i s  atta ined , 

both c l ima t ic and s o i l factors  are propo s e d  ( SHUGART & HETT 

1 9 73 , GtOWAC INSKI  & JARVINEN 1 9 7 5 ) . SHUGART & HETT found that 
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spec ie s turnover in p l ant succe s s ions de c r e a s e d  more rap idly 

on me s ic than on xe r ic s i te s . Whe n  contra s t ing suc c e s s ion 

rate s in secondary b ird suc c e s s ions , GiOWAC INSKI  & JARVINEN 

(op . c i t . )  found a mor e rap id dec reme nt i n  a southern , Po l i sh 

oak-hornbeam succe s s ion than in nor the rn , F inn i sh spruce and 

pine suc c e s s ion s ( HAAPANEN 1 9 6 5 ) . They b e l ieved the d i f ference s 

to re f le c t  c l imate and s o i l  facto r s . I n  the oak -hornbeam fore s t  

succes s ion s tudied by GiOWACINSKI ( 1 9 7 2 , 1 9 7 5 ) , the succe s s ion 

rate dec r e a s e d  monotonou s ly th�o ughout the succe s s ion 

(GiOWACINS K I  & JARVINEN 1 9 7 5 ) . The dec reme nt in succ e s s ion 

rate of  b irds in the pre sent s tudy is h ighe r than in that 

succe s s ion ( c . f .  Tab le  XXX I I I ) ,  the d i f ference  in s lope s i s  

signif icant ( P  < a . a s in  a one - ta i l e d  t - te s t ) . 

In sp ite o f  the more northern la t i tude o f  the present  s i t� , 

the dec l ine  in spe c ie s  turnover i s  mor e  rap id ,  and i t  may 

sugge s t  that s o i l  humi d i ty and produc t i v i ty i s  relative ly 

more important than c l ima te . The c l imax may be looked upon 

as  a re l a t ive no t ion ( GiOWAC INS K I  & JARV INEN 1 9 7 5 ) . It might 

be cons ide red as a s tage where  the s pe c ie s replaceme n t  is  

smaller  than a certain proportion o f  the max imum turnove r in 

the forego ing suc ce s s iona l s tage s . 

Othe r de f in i t ions o f  s t ab i l i ty empha s i z e  the ab i l ity o f  a 

sys tem to res i s t  external  pertuba t ions  ( MAC ARTHUR 1 9 5 5 ) , 

re s i l ience s e n s u  HOLLING ( 1 9 7 3 ) , iner t i a  s e n s u  ORIAN S  ( 1 9 7 5 ) , 

or how fa s t  a pertubated sys tem re turn s to i t ' s  former s tate , 

e lastic ity s e n s u  ORIANS ( op . c i t . ) .  I t  i s  o f ten as sumed that 

high spec ie s dive r s i ty promote sy s tem s t ab i l i ty ( by o f fering 

al ternate pathway s o f  e ne rgy f low in web s ) ( MAC ARTHUR 1 9 5 5 ) . 

The hypo the s i s  i s  that s p e c i e s dive r s i ty s tab i l i z e s  commun ity 

func tiona l prope r t ie s by compe n s a t i ng interact ions of  co-occur ing 

spec ie s to e nv ironme n t a l  f luctuation s , the cause  may be a compen­

sating f luctuations of spe c i e s  popu l a t ions ' abundance (MC NAUGHTON 

1 9 77 ) . On the o ther hand may h igh dive r s i ty imp ly complexity 

of spec ie s  interac t i ons and whe n the s e  r e l a t ionsh ip s are rave l led  
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by dis turbance , i t  i s  reas onab le tha t  they are l e s s  e a s ily 

con s t i tuted than in  s imp ler , le s s  dive r s e  commun i t ie s  

(WHITTAKE R 1 9 7 5  b ) . I n  mode l ecosy s tems , increas ing diver s i ty 

tends to reduce r a ther than incre a s e  s t ab i l i ty ( MAY 1 9 7 3 , PIMM 

1 9 79 ) , apparent ly in contr a s t  to many na tur a l  ecosys tems where 

diver s i ty seems to be corre lated wi th s tab i l i ty ( CONNELL & ORIAS 

1 9 6 4 , ORIANS 1 9 7 5 ) . 

A predictab l e  envi ronme n t  may perm i t  a re l a t ive ly comp lex and 

de licate ly balanced e c o s y s tem with h igh s p e c ie s dive r s i ty to 

excist . An unpr e d i c tab l e  environment i s  more l ik e l y  to demand 

a structura l ly s imple , robu s t  ecosy s tem w i th low dive r s ity 

(MAY 1 9 7 6 ) . I f  d iver s i ty and commun i ty s tab i l ity are pos i t ive ly 

corre lated , the corre l a t ion could be exp l a ined by the e f fect  

of  environmental s tab i l i ty . H i gh communi ty s tab i l ity i s  thu s  

the re s u l t  o f  the s tab i l i ty o f  the environmen t .  A s tab le commun i ty 

permits , but i s  not caused  by h igh d iver s i ty .  The pos s ib le 

tende ncy of  h igh d ive r s ity  to le s s en  c ommun i ty s tab i l i ty and 

hence have the oppos i te e f fect of environmental s tab i l ity , has 

probab ly a we aker  e f f e c t  then environme n t a l  predictab i l ity 

(PIELOU 1 9.7 5 )  • 

The as sump t ion tha t pe r tubat ion s tab i l i ty i s  inc r e a s ing dur ing 

succe s s ion ( ODUM 1 9 6 9 )  i s  que s t ione d by s everal autho r s  

(HURD e t . al . 1 9 7 1 , HORN 1 9 7 5  a ,  WITKOWS K I  1 9 7 3 , 1 9 7 8 ) o n  the 

ground s o f  exper ime n t a l  pertubations or o ther ob serva t ion s . 

The degree and severene s s  o f  pertub a t ions  are important when 

analys ing the e f f e c t s . Fert i l i zer trea tme n t s  ( e . g .  HURD e t . a l .  

1 9 7 1 , MELLINGER & MC NAUGHTON 1 9 7 5 ) are obvious ly le s s  severe 

than c l earf e l l ing ( c . f .  HORN 1 9 7 5  a ) . CONNELL & SLATYER ( 1 9 7 7 )  

cons ide red a l l  s t a teme n t s  about s tab i l i ty o f  l imi ted va lue un l e s s  

the scale s of  t ime , space  and inte n s i ty o f  p e rtubations  are 

de f ined in re l a t ion to the organ i sms in the commun i ty . 

When analys ing the ob s e rved va lue s o f  s t ab i l i ty a spe c t s  in the 

commun i t i e s  in the pre s e n t  succe s s ion ( Tab le XXXI ) , the lati­

tudina l locat ion of  the s tudy area mu s t  be kep t in mind . The 

bird commun i ty s tab i l i ty in th i s  tran s i t ion zone be twe en temper ate 
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and boreal  r e g ions ( c . f .  JARVINEN 1 9 7 9 ) i s  o f  the same magn i tude 

a s the pre s e n t  indice s ,  and a c l e ar trend of incre a s ing s tab i l i ty 

wa s thu s not to be expected . 

The lack o f  decre a s e  in average c lu tch s i z e ( Tab le  XXVI I )  dur ing 

succe s s ion is an ind i c a t ion o f  tha t all  hab i t a t s  in the present 

succe s s ion are  a t  the same pos i tion on the r-K s e l e c t ion pre s sure 

gradient , and that the f luctuations from year to year thu s wou ld 

be expec ted to be o f  the s ame magn i tude . The ma j o r i ty o f  the 

spec ie s in the commun i t ie s  o f  the reg ion whe re  Nordre 0yeren 

is locate d , are  more or le s s  r - s trateg i s ts , a t  l e a s t when com­

pared to mo re southern temperate  fore s t s  and trop i c a l  hab itats . 

The s l ight l y  h ighe r s tab i l i ty l eve l in the l a t e  suc c e s s iona l 

stage s and the corre l a t ion between the s im i l a r i ty index of 

stab i l ity and d ive r s i ty is p robab ly a coinc idenc e , as we l l  as 

the more comp e n s a t ing f lu c tuat ion s among the common spec ie s 

in the c l imax s t age . 

J�RVINEN ( 1 9 7 9 )  de f ine s ,  a s  th i s  s tudy , stab i l i ty a s  year to 

year per s i s tence o f  commu n i ty s tructure ( den s i ty ,  spec ies  

number , d iver s i ty ,  evenne s s  among othe r s ) .  E s t imated geograhp i­

c a l  gradient s in t h e  s t ab i l i ty ind i c e s  f o r  the s e  commun ity 

parame te r s  showed tha t b i rd c ommun i t ie s in northern Scandinavia 

were re l a t ive ly more un s t ab l e  than the re s t  of S c andinavia and 

Centra l  Europe . JARVINEN ( 1 9 7 9 ) conc luded tha t cons iderab le 

evidenc e supported the hypo the s i s  tha t  th i s  trend wa s ma inly 

cau sed by envi ronmenta l ( c l ima t ic ) unpred ic tab i l i ty . 
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