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Abstract: he ilbilit o sitble cities n sbstrte or hole constrction cn liit the popltions o birs 
tht rel on tree hollows to reproce. eerl sties he ocse on the eects o tpes o hbitts n tpes o 
hn istrbnces on cities bnnce bt the eect o sccessionl stes in the tlntic orest hs been poorl 
resse. n this st we ie to copre the ilbilit n bioetric chrcteristics o tree cities between 
prir n isccessionl ste sites in n tlntic orest re ro sothestern ril. se on nest chrcteristics 
escribe in the litertre we inerre i hollows present in seconr sites col hrbor the lre seconrnester 
tlntic orest birs with specil ttention to tocns n hws. ro epteber  to pril   cities 
were sple  in the prir n  in the seconr plots. r t reele tht the conities o citnester 
birs in isccessionl ste res  be ore ecte b the rece cit ilbilit thn b cities lit 
s the nber o cities in these sites ws less thn hl thn tht on in tre orests. e lso proie eiences 
tht the lrest cit nesters sch s the biest hws iht he liite nestin possibilities in isccessionl 
stage areas especially due to small cavity entrances, which may have important reÀects in conservation strategies.
Keywords: Bird conservation, nesting ecology, cavity-nesters

Efeito do estágio sucessional na disponibilidade de cavidades para aves que nidi¿cam em 
ocos de árvores em um parque da Mata Atlântica do Estado de São Paulo, Brasil

Resumo:  isponibilie e cies es e o sbstrto pr  esco e ocos poe liitr s poples 
e es e epene s cies e rores pr se reproir. rios estos se concentrr nos eeitos os 
tipos e hbitts e e tipos e istrbios ntrpicos sobre  isponibilie e cies s o eeito  scesso 
ecolic n t tlntic  ito poco inestio. este esto bscos coprr  isponibilie e ls 
crcterstics biotrics s cies e rores entre res e estio pririo e secnrioio n t tlntic 
o seste o rsil. seo ns crcterstics os ninhos s espcies e ocorre n re e esto tb 
deduzimos se as cavidades que estão presentes em áreas secundárias poderiam abrigar as maiores aves que nidi¿cam 
e cies s e so incpes e escls co teno especil os tcnos e lces. e setebro e   
abril de 2017, 96 cavidades foram amostradas, 67 em áreas primárias e 29 em parcelas em locais de Àoresta secundária. 
Nossos dados revelaram que a comunidade de aves dependentes de ocos para nidi¿cação em áreas em estágio médio 
e scesso poe ser is ets pel bi isponibilie e cies o e pel lie s cies 
já que o número de cavidades nesses locais foi menos da metade do que o encontrado em Àorestas maduras. Também 
evidenciou-se que os nidi¿cadores de cavidades de maior porte, como os grandes falcões, podem ter possibilidades de 
nidi¿cação limitadas nas áreas de estágio médio de sucessão, especialmente devido ao tamanho reduzido das entradas 
de cavidades, o que pode ter importantes reÀexos em estratégias de conservação.
Palavras-chave: conservação de avifauna, ecologia reprodutiva, nidi¿cadores de cavidades
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Introduction

Bird species that use tree cavities for nesting can be classi¿ed as i) 
ectors or prir cit nesters n ii nonectors or seconr 
cit nesters. ctors bil their own cities sll in e trees 
or brnches n re represente inl b the woopecers wheres 
the nonectors epen on preeistin cities sch s ntrl holes 
present in lie or ecin trees or those crete b the ectors e.. 
tocns woocreepers n prrots rtin  ie  cson 
 cson . s pretion is oten the in cse o nest ilres 
i  rtin  esolowsi  iller  ocle  orti 
 iebe  wit  sitble cities or birs reproction re 
epecte to present:  sll entrnce cpble to oi the psse o 
pretors tht re bier thn the nestin bir epth enoh to oi 
pretors to rech nest contents n hr wlls to ipee nest ccess 
b pretors throh woo estrction esolowsi .hereore 
the ilbilit o ete ntrl cities n o sbstrte or holes 
constrction cn liit the popltions o birs tht rel on tree hollows 
to reproce hs  e  ocle et l.  .

n tpes o nthropoenic ctiities re nown to ipct the ensit 
n lit o tree cities n the resltin ecline o citnestin 
species hs been reporte or bir conities ll oer the worl or  
reiew see ornelis et l. . or instnce the selectie loin o 
the lrest trees in res o tre orest hs oten been ccopnie b 
the epletion o the lrest birs tht epen on bi cities to reproce 
i et l.  oliti et l.  ocle et l. .  siilr eect 
occrs in seconr orests where the ensit o lre cities tens to 
ecrese e to the sller ieter o the trees illis  nii  
ornelis et l.  ocle et l. . rther tiber neent 
prctices bse on the eploittion o ecin trees he cse isstros 
eclines in citnestin birs in rope n orth eric obin et l. 
 iten et l.  rnco et l. . hese re eiences tht orest 
tpe sccessionl ste n eree o hn istrbnce re e eleents 
or cit nests ilbilit n or the persistence o citnestin birs 
ornelis et l. .

he tlntic orest is one o the ost thretene bioes n one 
of the ¿ve main hotspots on earth (ers et l. . esies it is the 
secon richest re in bir species in the worl esen et l.  
icentini et l. . he bioes oriinl re coere ore thn one 
illion sre iloeters  t tlntic n   bt onl 
bot . is let n  o the reinin re consists o rents 
sller thn  h tht ser rin erees o istrbnce n threts 
ibeiro et l. . n this scenrio cit nestin species  be 
particularly vulnerable, and understanding the factors that inÀuence the 
persistence o these species is rentl neee ocle et l.  . 
ocle et l.  eonstrte tht in the sbtropicl tlntic orest 
o rentin there were nine ties ewer cities in loe thn in res 
o nne prir orest n ocle et l.  showe tht in the 
se reion when trees with esirble chrcteristics were intine 
seerl species o cit nestin birs col sccee in reproction een 
in rrl res. hese sties he ocse inl on tpes o hbitts n 
on tpes o hn istrbnces bt the eect o sccessionl stes in the 
se hbitt hs been poorl resse in the tlntic orest. his is n 
iportnt nowlee p becse seconr orests n/or sll rents 
crrentl correspon to  o wht is let ro the tlntic orest 
ibeiro et l. .

n this st we ie to copre the ilbilit n chrcteristics 
o tree cities between prir n isccessionl ste sites in 
n tlntic orest re ro sothestern ril n bse on nest 
chrcteristics escribe in the litertre we inerre i hollows present 
in seconr sites col hrbor the lre seconrnester tlntic 

Forest birds, with special attention to toucans and hawks. Speci¿cally, 
we resse the ollowin estions: i oes cit ilbilit ier 
between isccessionl ste n prir tlntic orest sites 
ii oes the ont o e trees ier between these res iii o 
cit esreents ier between these sccessionl stes i ol 
cities in the isccessionl ste sites hrbor the entire il o 
citnestin tlntic orest birs

Materials and Methods

1. Study area

his st ws concte in rlos otelho tte r   
        n         stte o 
o lo ril. he pr hols . h inl o prir orests 
n toether with  nber o contios consertion nits it coposes 
one o the lrest reinin ptches o tlntic orest which totls 
ore thn . illion h. ltites re ro  to   .s.l. ere 
tepertres ro  n en nnl precipittion is   
  eisieel  ntoni . his is one o the ew 
tlntic orest prs tht still preseres the oriinl nl sseble 
inclin rs cors ocelots n tpirs rocro et l.  n 
ntnes et l.  he recore  bir species in  o which  
. re cit nesters. lthoh the  is ostl coere b tre 
orests . o the re is represente b recoerones in ierent 
sccessionl stes. r sre ws concte in the pper prt o the 
pr in the niciplit o o iel rcno   in ltite 
where the natural vegetation is classi¿ed as submontane Atlantic Forest. 
r splin sites were ccesse b sin the clle serice ro   
 pth tht connects the in inistrtie bse o the pr to center 
o the consertion nit in which onl the se b reserchers n pr 
st is peritte see lieir r. et l. . rir orest res were 
reche b choosin rno points in the serice ro n seconr 
hbitts were inestite in  clerl istinishble recoer re clle 
ceiro. he lter is locte in one o the liits o the pr n hs 
pproitel  h bein bisecte b n pproitel   seconr 
tril. his re ws eoreste inl or chrcol proction n it hs 
been in reenertion since  when  ws crete. rrentl it cn 
be generally classi¿ed in mid-successional stage (see methods bellow).

2. Successional stage classi¿cations and data analyses

ities were sple in prir n isccessionl ste res 
by establishing ¿ve 0.5 ha plots in each type of habitat. To determine plot 
locations, we ¿rst assorted numbers from the ¿rst 7000 m of the service 
ro n ro the   o the ceiro sbtril to enerte reerence 
sites. n these sites we ssorte the sie o the ro or tril n entere the 
orest ntil rechin res tht ppere to he the esirble chrcteristics. 
hen in ech o these sites we crete one . h plot sbiie in   
wie stripes ere with strins.

To con¿rm the successional stage, we established three 10x10 m 
sbplots one in ech corner n one in the ile o ech plot rrne 
ionll. n these sbplots we obtine ieters t brest hih n 
heiht o woo trees with s boe  c rlho et l. . 
isccessionl ste ws consiere when s o trees ere 
cross the three sbplots were between  n  c n heihts between 
    esolo onnt  b/  hereter b . 
rir or ncesccessionl ste ws consiere when ere 
s n heihts were boe  c n   respectiel n when 
woo ines lt iniils o the pl Euterpe edulis rt. n o the 
sbi Cyathea spp. were present b  i et l. .
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In each plot, we quanti¿ed the number of natural cavities, the number 
o woopecers holes n the nbers o e trees or brnches. 
he ini ieter consiere or the contin o e trees or 
branches was 5 cm. We have de¿ned a cavity as a depression in a woody 
tree liin or e which h  plte to spport n ooloic chber 
n h  close coer. ities tht were p to   hih were ccesse 
sin ler or bioetric nlses enell  obertson  erp 
 ith  iten  rtin  rtin et l. . esreents 
incle: tree ieter t cit heiht sller entrnce ieter internl 
ieter n epth rini et l.  e et l.  nn et l. 
. hen  cit presente ore thn one entrnce we consiere the 
esreents o the lrer one s this is the one tht wol perit esier 
ccess b pretors. s in n cities entrnce is not ron shpe bt 
irrelr we chose esrin the sller entrnce ieter s this is wht 
 restrict nil entrnce. eiht boe ron ws lso estite or 
ll o the cities.

he en nbers o cities ntrl pls woopecers holes the 
en nbers o woopecers cities n o ecin trees or brnches 
were copre between hbitts sin nirite ttests with lo t 
correction. he se procere ws se to copre cities heiht boe 
ron bt poolin toether the t o ll o the plots ro ech hbitt. 
he proportion o ntrl erss woopecer holes between hbitts ws 
copre throh Gtest. o copre cit esreents between hbitts 
we ¿rst preformed a Principal Component Analysis (PCA) to reduce the 
nber o ribles n to see or potentil rphicl clsterins tht 
col be correlte to ech tpe o hbitt. t ws trnsore sin 
z-score otelli  llison  n we se rincecorince tri. 
hen the new scores proie or the in is were copre between 
hbitts b ttest. ll o the nlses were perore sin the sotwre 
st er et l. ), with 95% signi¿cance level.

se on the birs sre o rlos otelho tte r ntnes et l. 
 we liste ll o the orest seconr citnester species. hen 
bioetric t o their nests were conslte in litertre in orer to inestite 
i cities with ini iension reireents were ilble in the 
nle plots. nl species tht presente t lest two nests escribe 
esres o cit sller entrnce ieter n epth with les 
rne i n ini were selecte.  rphicl coprison 
ws e between the les o the sller entrnce openin n cities 
epth which proe to be the ost iportnt chrcteristics selecte b 
birs in seerl sties esolowsi  ocle et l.  ocle  
orti .

Results
ro epteber  to pril  we on  totl o  cities 

bein  in the prir n  in the seconr plots. he nber o 
cavities per plot varied from ¿ve to 21 in the primary (13.4 ± 6.34), and 
from one to 13 (5.8 ± 5.07) in the secondary habitats, being the average 
number of cavities signi¿cantly higher in the primary forest (t  . 
P  .. n the other hn the nber o ecin trees or brnches 
was signi¿cantly higher in the secondary habitats (t  . P  . 
being 90 in the primary (11 to 30; 18.0 ± 7.17), and 156 in the secondary 
habitats (21 to 42; 31.2 ± 7.66) (i. .  the  cities on in the 
prir plots   were in lie trees or brnches n si  were 
in decaying structures, of which ¿ve (7.5%) were typical woodpecker’s 

ections.  the  cities on in the seconr plots   were 
in lie trees or brches n seen  were in ecin strctres o 
which si . were woopecers ections. either the proportion 
o ntrl erss woopecer holes G  . P  . nor the ere 
nbers o woopecers cities t  . P  . he ierent between 
hbitts ire  n  o the holes ecte b woopecers 
occrre in ecin sbstrte.

Cavities average heights above ground were 8.17 ± 7.96 (0.34 - 25; 
n = 67) in the primary, and 3.52 ± 2.48 (0.56 - 10; n   in the seconr 
plots, being signi¿cantly different (t  . P  ..  the  cities 
 were ccessible bt one ws not esre becse o the presence o 
bees in prir orest n three were not consiere becse the were 
ll o wter ll o the in seconr orest inictin tht the were 
inete or birs reproction. hen esreents were obtine or 
 cities bein  in the prir plots n  in the seconr hbitts 
ble ). In the PCA, 95.4% of the variation was explained by the ¿rst two 
axes, with the ¿rst axis concentrating 78.72% of the variation. There was 
no rphicl eience or clsterin ire  n the ttest perore to 
compare the new scores of the main axis (component 1) was not signi¿cant 
t  . P  . inictin tht cities presente siilr chrcteristics 
in the two tpes o hbitts.

 the  citnester bir species recore or  onl nine h 
nest esreents ilble in the litertre tht ttene or selection 
criteri or epth ire  n seen or entrnce ieter ire  
coprisons. hese rphicl coprisons peritte to obsere tht cities 
ro both hbitts proie inil epth reireents or nestin o ll 
o the nle species bt in the isccessionl ste res the cities 
we on iht ecle the lre ollre orest lcon Micrastur 
semitorquatus pproitel  c bse on entrnce ieters.

Table 1  ere n stnr eition les or cities esres in ierent sccessionl stes.

Successional stage Smaller entrance 
diameter Internal diameter Height above ground DBH at nest height Cavity depth

rir 6.63 ± 3.9 12.93 ± 6.91 182.29 ± 118.51 36.02 ± 18.92 36.14 ± 40.98
isccessionl 4.79 ± 2.32 10.94 ± 5.20 194.15 ± 101.45 23.76 ± 7.29 13.29 ± 34.21

Figure 1. bers o cities ntrl cities pls woopecers roles nbers 
o e trees or brnches n nbers o woopecers holes on poole cross 
¿ve 0.5 ha plots in primary and mid-successional stage Atlantic Forest areas.
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Discussion
r in preiction o rece nber o cities in isccessionl 

ste res ws corroborte n or t seste tht onl nce 
sccessionl ste or prir res  present the ensit o cities 
epecte or ntrl tlntic orest hbitts. otbl the rilin leisltion 
b  o not e n istinction between nce sccessionl 
ste n prir tlntic orests then both st be representtie o 
the original conditions. To our knowledge, this is the ¿rst work to provide 
eiences or sch sccessionl eect in  eotropicl hi orest n 
it is consistent with sties crrie ot in rope n hiln where the 
nber o cities ws hiher in oler conier orests n ie ecios 
orest respectiel n len et l.  ttnibool  e . 
potheses tht ttept to eplin the reter nber o cities in tre 

orests inole the reter bioiersit reter strctrl copleit n 
hiher orest proctiit ornelis et l. .

he reter nber o e trees n brnches in seconr sites 
ws lso consistent with other sties not onl ro the tlntic orests 
leio  rlho et l.  bt lso ro teperte orests 
irb et l. . ccorin to b  n rlho et l.  
in isccesionl reenertion ste the st rowin pioneer trees ie 
s the et replce b prir species rin the ecoloicl sccession 
process which  eplin the reter ont o e trees in this tpe 
o seconr ortion irb et l.  rlho et l. . rther 
the ecoposition o e sbstrte st be ster in prir res e 
to increse hiit n iersit o ecoposers which reces the 
nber o ecin strctres ornelis et l. . s woopecers 
nests were lws constrcte in ecin sbstrte the lc o ierence 
in the proportion o ntrl erss woopecers nests between sccessionl 
stes ws nepecte n  be epline b the low representtieness 
o woopecers cities in enerl. n orth eric or instnce 
woopecers were responsible or constrctin  o the ilble 
cities or  reiew see ocle et l. b which is ch ore thn 
the . poole between hbitts obsere here. hen the ierences 
in cities ilbilit between hbitts obsere here inole ostl 
the nbers o ntrl holes in lie trees n the  be ore coon 
in the lrest n oler trees on in prir orests.

Although cavity characteristics have not diverged signi¿cantly between 
hbitts or rphicl coprisons reele tht hollows in prir hbitts 
ehibite the inil epth n entrnce ieter reireents or birs 
nestin inclin the lrest citnester species present in the  
sch s hws tocns n owls. n the isccesionl ste sites on 
the other hn entrnce ieter seee to be  restrictie chrcteristic 
or the lrest cit nester birs.

t is iportnt to note tht lthoh ost o the bir species consiere 
in or coprisons col theoreticll nest in cities ro both sccessionl 
stes here we he not consiere other iportnt preters tht re 

Figure 3. oprisons o cit nests epth on or bir species occrrin in 
 n epths on or cities ilble in prir n isccessionl 
ste tlntic orest res ne  ill  horstro et l.   
horstro  erhrt , ocle  orti  ess  iish  
orti et l.  ess et l.  ocle  orti  olt et l. .

Figure 4. oprisons o the sller entrnce ieters o cities se b 
bir species occrrin in  n ieters on or cities ilble in 
prir n isccessionl ste tlntic orest res ne  ill  
horstro et l.   horstro  erhrt , ocle  orti 
 ess  iish  orti et l.   ess et l.  ocle  
orti  olt et l. .

Figure 2. rincipl oponent nlsis  eiencin the istribtion o 
cities bse on their esreents tree ieter t cit heiht sller entrnce 
ieter internl ieter n epth. he new scores istribte between the two 
in es i not reel n clsterin tenenc between prir blc ots 
n isccessionl ste r ots tlntic orest res.
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oten inole in nestin hbitt n nestin site choice b birs or 
instnce cnop closre n eettion ensit ocle et l. . 
hen bse on cities chrcteristics lone or nlses certinl ten 
to oerestite the selness o the cities.

n enerl or t reele tht in the recoer re we stie 
the conities o citnester birs  be ore ecte b the 
rece cit ilbilit thn b cities lit s the nber o 
cities in isccesionl ste sites ws less thn hl thn tht on 
in tre orests. e lso proie eiences tht the lrest cit nesters 
sch s the biest hws iht he liite nestin possibilities in 
iseccessionl ste res. neent strteies crrentl se to 
oercoe these probles inole the istribtion o nest boes n the 
enlreent o the entrnces o prt o the ilble cities ni et l. 
 llwoo et l.  lh et l. . n ce o the eiences 
proie here we sest tht these strteies iht be consiere or 
the presertion o the il o tlntic orest citnester birs in res 
classi¿ed in mid- or lower successional stages.
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