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ABSTRACT

Changes in thc sp at ia l distribution of tree spcci es 01' a
terra firm e deu se Iorest in Brazilian Amazonia wcre recorded
ovcr a n cight-ycar pcriod. Two logging intensitics werc studied
a n d c o m p a r e d with an u n di s t u r b e d forest. Forty-eight
pcrmanent sa m p le plots were established in th e logged area
and twelve in the undisturbed Iorest. Four measurernents were
done in the cxploitcd forest: one year before logging, then one,
tive and scven years after logging. The undisturbed forest was
measured three times over the study period. Forty-seven percent
of spec ics. considering trees :::: 5 c m dbh, showed clumped
distribution in the study fo r est . Pioneer species occurred in
c l u m ps in the logged area, mainly from t h e fifth year after
logging, and chiefly with small trees. Most of them hardly ever
rcach 30 em dbh. Aggregated distribution is not al ways directly
correlated to abundance of species. considering that mo st of
thc clumped specics had less than seven trees per hectare (27
sampled trees).

RESUMO

Foram registradas as mudanças na distribuição espacial
de espécies em uma lloresta densa de tcrra firme na Amazônia
brasileira. num período de oito anos. Foram estudadas duas
intensidades de exploração e comparadas á uma tloresta não
cxplorada (te stcm unha ). Foram estabeleci das 48 parcelas per-
manentes na tlroesta explorada c 12 na testemunha. A área
explorada foi medida quatro vezes: um ano antes da explora-
ção: um. cinco e sete anos depois da exploração. A Iloresta
não explorada foi medida trcs vezes durante o período estuda-
do. Quarenta e sete por cento das espécies, considerando ár-
vores com dap :::: 5 em, mostraram distribuição agrupada. Es-
pécies pioneiras ocorreram em grupo na área explorada, prin-
cipalmente a partir do quinto ano após a exploração, e especi-
almente com árvores pequenas. A maioria delas dificilmente
atinge da p de 30 cm. A distribuição espacial não está sempre
relacionada com a abundância das espécies, considerando que
a maioria das espécies agrupadas tinham menos de sete árvo-
res por hectare (27 árvores amo str ada s).
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INTRODUCTION

Spatial distribution patte r n is the arrangement formed
by the occurrence of individuais in space. In a forest, the spatial
pattern 'of tree species is the arrangement by which individuais
of the species population are distributed over the arca (Brunig
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1986). Thc analysis of d ist r ibu ti o n pattern is o n e e m p iri cal
approach to cxplain how so many tree species are apparently
able to live together in thc s arn e habitat (Newbery, Renshaw
an d Brunig 1986). In tropical rain forest the study of spatial
and si ze class d is t r ib u t io n s of tr e e s p e c ie s is e s se n t ia l ror
u n d e r s t a n d in g the im p a c t s of logging a n d silvicultural
treatments (Jo nkers 1987). Ex te nsi ve rcvie ws ou numcrical
methods uscd in ecology to describe the spatial distribution of
trees ha ve been m a d e by Payandeh (1970). Dance (1973),
Villanueva (1981). Gr e ig-Sm ith (1983), Cardoso (1986) and
Busing (1991). amongst many others.

This paper deal s with changes in the spatial distribution
of tree spec ie s over an eight-year period in a logged area,
compared with an unlogged fo re st. Tt is a ss u m e d that the
population studied is spatially heterogeneous, with lhe spccies
showing different distribution patter n s. Thc knowledge 01' the
spatial distribution pattern of each species will allow dccisions
to be made on the silvicultural systcm to be employed in the
for cst.

THE STUDY AREA

The study area lies m the Tapajós National Forest ne ar
the km 114 of the Santarérn-Cuibá Road, BR 163, municipality
of Santarém, State of Pará, Brazi l. Thc Tapajós National Forest
cover s approximately 600.000 ha. It s latitude is 2° .4()< 4°
10'S and Longitude is 54° 45' - 55° 30'W. Altitudej s around
175 m above the sea level. The climate is classified by Kô ppen
as Ami , which is a tropical climate with an ann ual dry season
01' 2-3 months an d an annual rainfall o ver 2000 mrn . Mean
a n nu a l a ir t e m pe r a tur e is about 25°C. ranging Iro m 18.4 to
32.6°C; a mea n relative hu mid ity of 86% (76 - 93%): a mean
ann ual rainfall of 2110 m m , with a high rainfall fro m March
to May, and a low rainfall frorn August to November; and mean
annual insolation of 2150 hours (Carvalho 1982).

The relief is mostly levei or slightly rolling. Thc soil is
Alic to Moderare Yellow Latosol with heavy clay texturc (60 -
94% clay), with inclusion of Concretionary Ye l lo w Latosol,
derived frorn clay stone (Brasil-FUPEF 1986). Following the
general pattern for the soils of ferra firme Amazonian forests
it is low in nutrients. Th e Ior e st type wa s classified by Dubois
(1976) as zonal primary high terra firme fores! without b ab oçu
palrn (Orbygnia barb os ian a Burret.).

MATERIAL AND METHODS

The re sea rc h was initiated in the area in 1981 with a
100% pre-felling forest inventory of trees .: 45 em dbh over a
total arca of 144 ha. This year cl imber cutting wa s undertaken
anel the permanent sarnple plots were established anel measured
at the first time within the 144 ha. Tn 1982 the arca was logged.
The subsequent measurernents t ook place in 1983 - OIlC year
after logging, 1987 - five years after logging and in 1989 -
seven years after logging. A 36 ha control with permanent plots
was establ'ished in 1983. It was measured firstly this year, then
m 1987 and 1989.

Two treatments and a control area were analyzed:
TI - this treatment consisted of cutting tr ees :::: 45 em

dbh from 38 cornmerc ial species.
T2 - cutting of trces ., 55 em dbh fr om 38 commercial

spec res.
TO - the control arca remaineel in its natural condition.

Th e statistical design was ra n dom ize d blocks with four
replications p er block. Each treatment was replicatcd four ti-
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m es. with a 9 ha treatment plot per block. The procedures of
Silva and Lopes (1984) were followed 10 slablih the sample
plots. Three hundred 10m x 10m quadr ats were used in each
treatment and in the control area. Ali individuals c- 5 em dbh
werc numher tagged idenlified and measured. In total. each
t re a t m e n t w a s applied o v e r 36 h a , and includcd 3 ha 01'
measured sa mple plots.

Species wcre classified by wood q ua l it y groups and
eeologieal classes. The wood quality groups were: commercial
- species presently sold in lhe national or inlernational market:
potential· - species l ike ly to be sold in the near future mainly
duc 10 Iheir wood characterisrics: non-commercial - spccics
not marketable and with out potential characteristics, or specics
who sc wood is not yet sufficiently kn o wn. This distribution
wa s bascd on lhe chnracteristics and uses 01' wood, thc timber
mar ket in Brazi l and export , according to Brasil-IBDF (1980,
1981, 1988), Brasil-SUDAM (I nI), Silva (1989) and Teixeira ,
Santana and Souza (1988). The species were classifíed as Iight-
dcmanding and shade-tolerant s p e c ie s , b a s e d on t h e
requirement 01' their seedlings for solar radiation observed
casually in lhe field during lhe sludy period (Carvalho 1992),
and acco rd ing to special c ha r a cter ist ic s suggestcd by Swaine
and Whitrnore (1988) and Whitmorc (1989, 1990).

The rclationship discussed by McGinnies (1934) was
selectcd to be used in this study because it suitcd lhe collection
of data and lhe layout of the cxperirnent. It is one of the simpler
quadrats methods (Greig-Smith 1983). lt ha s been employed
to study the spatial di stri but ion pattern 01' Iropical rain· fore st
spccies (Dance 1973, Villanueva 1981, Carvalho 1982, 1983),
and, comparcd to other quadrats methods and to a visual tree
lo ca ti o n m a p , it g a v e similar results (see Villanueva 1981).
The method assumes thal th e p la n t s occur in c l um p s. It is
calculated from the equation: DA=D/d, where DA is the degree
of aggregalion, D is th e observed d e n si t y, d is t he den sity
c xp e c te d fr o m a fr e q ue n c y (d=-III( I-FIl 00), and F is th e
percentage of plots whcr e a certain species occurs. The degree
of aggregation is greater than one for contagious distribution
and less than one for regular distribution (Greig-Smith 1983).

Those species that were diffícult to identify in the forest
were considered in groups. Thesc groups are: l ng a spp.,
Lauraceae, Mi coni a spp., Pro tiu m spp., Saccoglollis spp.,
Sapotaceae, Sl oa n ea sp p., and Ta lisia spp. For calculation
p u r po s c s e a c h g r o u p wa s counted as one spccies. In the
discussion here , lhe wor d speeies includes sp ecies-gr oups.

The t e r m s aggregalion, cluster and clump, in the
d isc u s s io n here, have the sa m e mcaning, which refers to
individuaIs of a cerlain species growing close logelhcr in
groups.

RESULTS AND DISCUSSION

A species was considered aggregated if the value of DA
(degree of aggregation) was greater tha n 1.0 in at least one
forest condition (Iogged or unlogged) and in one size class (dbh
2: 5 em or dbh 2: 30 em),

Forly-seven percent 01' species (104) showed their plants
::': 5 em dbh occurring in clusters. But considering dbh 2: 30 em
only 5% (12) .of species showed aggregalion of trees. The
percent of clumped spe ci es , covering trces ::: 5 em dbh, was
the same as those found for the 60 most abundant species in
kerangas forest, Sarawak , by Newbery et a l. (1986).

Geisso sp ermum seric eum Benth. & Hook., Minqu arti a
guiancn sis Aubl., Pouteria bi lo cul ari s (H. Winkler) Baehni,
Protiurn gu ac ay anum Cruatec., Scl erol ob ium chrysopliyllum
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Poepp. cl Endl. and the group Sapotaceae occurred aggregated
considering trees ::: 5 c m dbh or trees ::: 30 crn dbh in both
logged and unlogged for e sts , These species cerlainly have
aggregation characleristics in differen t light conditions, in ali
size of trces, during the whole gr owth-cycle. Le cy th is
luri d a (Miers) Mori and Mo ni lkara h u beri (Duc k e ) Standl.
occurred in clumps only in the unloggcd Ior est, bo th for trees
::: 5 cm dbh and trces ::::30 em dbh. Rin orea gui anen sis Aubl.
was clumped in the unlogged are a in both size classes. but in
the logged area i t occurred in c lu ste r s j ust for trees -: 5 em
dbh. On lhe o thcr haud , Cour a tari oblon gifoli a Ducke et Knuth
had its plants ::: 5 em dbh an d tho se ::': 30 em dbh oceurring
clu mpe d in the logged for es t, but in the unlogged area only
trees 2: 5 em dbh were found aggregaled.

In general pioneer s p e c ic s occurred in c lu m ps in lhe
logged area for trees :::: 5 em dbh (e.g. Aegiph ila sp., Cecrop ia
obtusa Trecul, Ja caran da cop ai a (Au bl.) D. Don, Ja ca ra ti a

sp in os a (Aubl.) DC., etc.). Ce crop i a scio d ophyll a Mart. and
Sclerol ob ium cliryso p hyl lum were th e only light-demanding
species which sho wcd aggregation for trees 2: 30 em dhh in the
logged Iorest. The othcr light-demandiug spec ies slarted to dic
b c fo r e reaching that d ia m e t c r, a n d s o m c 01' t h e m , l ik e
Anib el nni a grand ifl ora Hu ber and Vism ia ja p uren sis H. G.
Reigh. never suceeeded in reaehing it. The majority of the light-
dernanding species wcre no! aggregated in lhe unlogged Iorcst.

Forty-scven pcr cent of these 104 species, which sho wed
cha racte r ist ic s of aggre gatio n , occurred at low dcusiti cs, with
b e twe e n 1 and 7 Irees ha·' (3 to 21 sampled t r e e s ). e.g.
Bcrth oll eti a exc el sa H.B.K., Bro sim um g u i an ensi s (Aubl.)
Hu b e r , Le c yt h i s l u ri d a , Mo u i lk a r a h u b e r i , Ta ch ig a l i a
myrmecoph ila Ducke , etc. Thirly-eight per eent were abundanl
wi t h more th a n 7 t r e e s h a': Bix a arb ore a Hu be r, Ca rap a
gu i a n en s i s Aubl., Co u r a t a r i ob l on gifol i a, Mil/quartia
gu i anen sis, Scl erolobium chryso p liyll um. etc. And 15% were
rare species in Ihat area, with a n average of fewer than I tree
ha': An ib a guiancnsis, Ca ra ip a grandiflor a Mart., Ca stil oa
u l e i Warb., M'ou r i ri a p l a s ch a er t i Pulle and Pro t i u m
gllacayal/ulII Cuatr ec., amon gst others. As stated by Fedorov
(1966), some abundant tree species as well as some rare species
characteristically form small patches or populations in tropi-
cal rain forests. l n Kerangas forest. Sa r awa k , ali cl ump ed
specics wer e less abundant than the speeies with a non-clurnped
pattern , but having relatively more individuaIs in the smaller
siz es , 10 cm - 20 em, and fe wer tr ee s in the upper-storey
(Brunig 1986).

Some very abundanl spcc ie s , l ike l ry anth er a ju ru en si s
Warb., Ch i m arri s tu rb in a t a DC .. Mo q u ira cal op hyl la a nd
Di ospyrus tetan dra Hier., sho wcd regular distributions. There
are some species, s u c h as Dillizia exc e ls a Ducke, whieh
appeared to occur in c l u m p s , from visual o bser va t io ns in
neighbouring areas in the same forest, but thcy showed regu-
lar distributions, probably because of their very low abundance
in the sample plots (D. excelsa showed only 2 trees in the 9 ha
sarnple area). Also Maquira scl erop ltyll a (Ducke) A. C. Srnith ,
that had an aggregated distribution in the study of Silva and
Lopes (1982) in the same forest, 47 k m distant, showed regu-
lar distributions in the present study. On the other hand , Viro Ia
melinonii, that had a regular distribution in the study of Silva
and Lopes, occurred in clumps in the present study for trees 2:
5 cm dbh, both in the logged and unlogged áreas. Ali the other
eight species studied by them, which occurred in clumps, also
showed aggregated distribution in the present study. Silva and
Lopes (1982) used the non-randomness planl-to-plant distances
index of aggregation (Pielou 1959) to study spatial distribution
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pattcrn of plants :::: 15 em dbh.
Some spcci cs showed aggregation in one tre atme nt and

regular distribution in others. ror instancc. Aegi plti!a sp. was
clumped only in lhe hcavier logged arca, La eti a procera (Poepp.
et Endl.) Eichl. only in lhe lighter logged Iorcst , Berth olletiu
excelsa only in thc unlogged fore st (control arca), Mnu ilka ra
p arae nsis Standl. just in the T2 plots bcforc logging, but not
in t hc eontrol area. Other specics su ch as An ib a guianensi s,
Percb ca guianensis Aubl.. Pithecell obium ra ccm osu m Duckc.
Pith ccel loh ium sp __ctc. showcd aggregation for trccs ::.::5 em
dbh , hut not for trccs ::. 30 em dbh. Those spccics did no! exhibit
any individual with dbh :::: 30 em, evcn tho ugh be ing eanopv
specics. So il eannot he eoneluded wi t h eertainty that they lack
t he c ha rac te r i st ic 01' aggregation for hig trees. Other spcc ics
such as Atnbel ani a grand iflora , Cl avija lan cifol i a Desf.. Mobe a
c au d a ta P. et I-I., Rin ore a [lavescens Kuntzc, etc. did not oc cu r
in c lumpswith dbh ., 30 em. hecausc thcv bclo ng 10 the for cst
un dcrsto rcy. never reaehing that d ia m ctcr.

Fi ft cc n s p e c ic s (t r c c s ., 5 c m dbh) s h o w c d t h c i r
individuais aggregaled o n ly in t h c u nl o g g c d ío r c s t ; eight
spcc ic s in lhe unlogged Io r est an d Ir orn lhe Ii tt h ycar a ftc r
logging 10 lhe end of the period. Ap e ib a b urch c Il i i Sprague
and Th e o br o in a s p c c i os u m Willd. c x Spreng. s h o wc d a
clustered pattern in lhe unlogged Inr c st an d scvcn ycar s aftcr
logging. when SObH radiation started to reducc. I'irol a nrclinonii
sh o wc d ag grcgn i ion in lhe unlogged Iorest and one vear a lt er
lo g g ing , 50 in t w o very di Ife rcnt ra d iat io u con di ti on s. Pl an t s
01' scvcn spccics oceurred in c lu mps onlv in the sevcnth year
a Itcr Ingging: nine speeies in t hc Iifth a n d scvcnth years: a n d
Iour specics ovcr í h c whole pcriod a ftcr logging. Didym o p a n ax

m orot ot o n i (Au hl.) Dccue et I'laneh and Socc o gl ottis spp. had
t h ci r pl a nt s c l u m pc d o n lv in the fi ít h "cal' aftcr logg ing . a nd
Lin d u cke riu pararn s is Kuhlm o n lv in th e Ii rs t vc a r a ttc r
logging. Th crc torc . it is l i k c lv t h a t lhe s p a t ia l d ist ri hu t io n
patt crn 01' some spccics dcpends on in tcu sit v 01' solar radiation
on lhe arca. amongsl nt h er Iact ors. Also . as st al cd OV Brunig
(I '.lU,). il indicatcs the dyn am ic st atc 01' lhe Iorcst wi t h rcspcct
10 succcssion and to ga p dvna m ics.

Lo g g i n g p la n s m u s t t a k c into a c c o u n t thc spatial
d is tr i bu tio n 01' t rc c xpcc ic s . I n order to m a in t a i n the Iorcst
s t r uc t u rc a It c r logging similar 10 t h a t bc ío rc. t h c cl u m pcd
c o m mcrci al trees might bc cut wit h the in te nt io n 01' k ccping
t h c rc m a i ni n g trees wi th the s a m c d ist ri buti o n pattern. Thc
s a m c mighl oe eonsidered in silvicultural treatmenls arter
logging in relalion to non-commercial speeies. For instancc,
(ieissospe/'llllll/l sericellll/, a shadc-tolerant species. oceurred
in clumps in ooth logged and unlogged arcas, with small trccs
01' big Ir<;cs. This spccics is not comm..:rcial nor docs il have
any prosp..:et 01' oceoming so in the future. cxcepl as fuelwood,
if il possesses Ihat CJuality, beeause ils small trees are oadly
formed and adults are complctcly hollow, being eomposed
largely 01' bark. As this spccics is among thc 40 most aoundant
in the arca (Carvalho 1992). it should no! have ali its trees cut
in Ireatments, oeeause big gaps would be produeed. giving a
ehance for pionecr species to grow. mainly somc invaders like
Ihose 01' lhe genus Cecropia. This also should be observed
during silvicultural treatments for other elumpcd shade-tolerant
non-colllmercial speeies tha!' even though not having oig trees,
are highly ahundant in slnaller si7.es, such as (;lIarea klllllhialla
A. Juss., Lacllllaria jerll/lIllii J)ueke, Rillorea fla'vescells,
SlIgu/ia rllcelllosa Haill. and man)' others.

Further, if it is not inlendcd to keep the sallle forcst
slruclure, if the purposc is to improve the commereial value 01'
the fores!' lhe non-commercial spccies oecurring in clumps
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should be e l im in a t ed gradually by r c fi nc m cn t (po iso ning ,
girdling or eutting), but not ali t r ce s i n a c l u m p at o n ce .

Considering t h e assoeiation ex ist iug bct wcen some spccies ,
s o m e t im e s a cl u m p 01' t rc c s 01' a n o n-c o m m e r c ia l sp ec ic s
pro vidcs conditions for tr ccs of commereial spccie s to grow
u p.

CONCLUSION

An aggregated d i s t ri b u t i o n i s n o t a l w a v s directlv
correlated to abuudancc. consideriug Ihat most 01' t hc clumpcd
sp ec ic s h a d Icss t h a n s c vc n t rccs p cr h cc t a rc (27 s a m pl cd
trce s). Also 15°'0 01' thcm had lcss than one individual per hec-
tare. II see ms t h at for some spc c ic s th c d is t r ibu t io n pattern
dcpcnds mainly on intcnsitv of light o n lhe arca, arno ng othcr
Iactors. In fact , a n cight-vcar pcrio d is n ot long enough 10 draw
Ii r m c o n c l u s io n s a b o u t t h c s p a t ia l d i st ri b u t io n p a t t c rn o f
severa I spcc ics a lt c r logging. particularly for t hosc t h a t are

s b a d c-t o lc r a n t . Some s p c c i c s which s h o w c d aggregaled
d ist r ibut io n s a ft c r logging. co ul d h a vc a rc g ular distribution
in a longer pcr iod , duc to thc influcncc 01' canopv closurc. But
t hc rc s u l t s o h t a in cd Ir o m t h c unloggcd forcst g ivc v a lua b le
iu Io rm at io n about t he distribution pattern in the u nd isturbcd
arcas, a n d this iu Io r m a t io n c o u ld be tak e n into account in
making plans 01' logging in t h e virgin Io rest ,
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