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ABSTRACT

Mortality and recruitment rates were obtained for tree species over a 5.6 year period in a 1-ha fragment
of secondary montane rain forest in Southeastern Brazil. All plants with a diameter at breast height
(dbh) ≥ 8 cm were sampled in 1989-1990 and 1995. There was an increase from 90 to 96 species,
and 669 ind./ha to 749 ind./ha over the period. The mortality rate of 1.67%/yr was similar to find-
ings for other forests, while recruitment of 3.46%/yr was the highest rate reported. Both mortality
and recruitment were significantly higher in the smaller dbh classes. Recruitment was higher among
rare species, and the relatively slow-growing species had     significantly higher mortality rates. Dif-
ferences between species dynamics were marked. Species with high values of λ were mainly early
successional and understorey trees but some understorey species also suffered a marked population
decline. The classification system of species in response to light  which divides understorey species
into “partial shade-bearers” and “shade-bearers” groups showed to be the most suitable to the ob-
tained results. The results suggest that this forest is undergoing a process of recovery from past dis-
turbance.

Key words: forest dynamics, mortality, recruitment, rain forest, ecological groups.

RESUMO

MorMorMorMorMortalidade e rtalidade e rtalidade e rtalidade e rtalidade e recrecrecrecrecrutamento de espécies arbórutamento de espécies arbórutamento de espécies arbórutamento de espécies arbórutamento de espécies arbóreas em feas em feas em feas em feas em florlorlorlorloresta montanaesta montanaesta montanaesta montanaesta montana
secundária no Sudeste do Brasilsecundária no Sudeste do Brasilsecundária no Sudeste do Brasilsecundária no Sudeste do Brasilsecundária no Sudeste do Brasil

Taxas de mortalidade (M) e recrutamento (R) foram obtidas para espécies arbóreas em um fragmento
de 1 ha de floresta secundária montana no Sudeste do Brasil. Amostraram-se as árvores com dap ≥
8 cm em 1989-1990 e em 1995. Houve aumento de 90 para 96 espécies e de 669 arvs/ha para 749
arvs/ha durante os 5,6 anos. O valor de M obtido foi de 1,67%/ano e o de R, 3,46%. O primeiro situou-
se em torno dos valores médios registrados em outras florestas tropicais, o último, porém, apresentou-
se como o mais elevado. Ambas as taxas foram significativamente maiores nas menores classes de
dap. As espécies raras apresentaram maiores taxas de recrutamento e as espécies com baixo crescimento
relativo tiveram mortalidade significativamente maior. As diferenças entre a dinâmica de espécies
foram altas. Altos valores de λ foram registrados nas espécies secundárias iniciais e de sub-bosque,
mas espécies de sub-bosque também apresentaram acentuado declínio populacional. O sistema de
classificação de grupos ecológicos em função da luminosidade, que separa as espécies de sub-bosque
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em “parcialmente tolerantes à sombra” e “tolerantes à sombra”, foi o que melhor se ajustou aos
resultados encontrados. Os dados sugerem que o trecho de floresta estudado encontra-se em processo
de recuperação de algum evento de distúrbio.

Palavras-chave: dinâmica florestal, mortalidade, recrutamento, floresta pluvial, grupos ecológicos.

INTRODUCTION

Various studies of tropical forests have
reported mortality and recruitment rates of trees.
These studies have shed light on the question of
maintenance of the great diversity of tree species
(Hubbell & Foster, 1983, 1986c, d, 1987, 1990,
1992; Hubbell et al., 1990; Primack & Hall, 1991,
1992; Condit et al., 1993) and increased unders-
tanding of the dynamics of these communities
(Hartshorn, 1980, 1990; Swaine et al., 1987b;
Phillips et al., 1994; Phillips & Gentry, 1994; Sheil,
1995a, b; Phillips, 1996). Most of this research
has been carried out in well conserved lowland
tropical rain forests, usually in sites located in
Central America and the Amazon Basin (Gomes,
1998). These studies classified  species into
ecological groups according to their response to
gaps, and it was expected  that species in a par-
ticular ecological group share characteristics of
importance and facilitates predictions about forest
processes (Connell et al., 1984; Lieberman &
Lieberman, 1987; Manokaran & Kochummen,
1987; Lieberman et al., 1990; Korning & Balslev,
1994a; Taylor et al., 1996; Oliveira Filho et al.,
1997).

Results of similar surveys conducted in other
types of tropical forests have demonstrated that
it is difficult to use the forest-cycle model prevalent
in the current literature on forest stand  dynamics,
which focuses on one simple mechanism of
disturbance: the opening of gaps (Uhl, 1982;
Swaine et al., 1990; Pascal & Pelissier, 1996)
followed by recolonization by a clear group of
pioneer species (Swaine et al., 1990).

In the Atlantic Rain Forest, which has been
reduced to less than 10% of its original area, there
have been few studies of stand dynamics in montane
rain forests (Gomes, 1998), such as the one studied
here. The forest type studied here is unlike most
others analyzed in the literature, in that it is a
secondary, sub-tropical montane forest forming an
isolated fragment inside an extensive urban area,
exposed to impacts such as air pollutation absent
in most forest areas studied to date.

The main questions addressed here are: how
stable are the local populations of common and
rare species? How are mortality and recruitment
rates related to diameter classes and ecological
species groups? Predictions made in previous work
(Gomes & Mantovani, 2001) regarding population
structure of the six most abundant species are also
examined. Finally, the results are compared to data
from other tropical sites.

MATERIAL AND METHODS

The study was conducted in the “Fontes do
Ipiranga” State Park (FISP), located at, 23°38’40”S,
46°36’38”W, and at an altitude of 760 to 830 m
in São Paulo city, Brazil (Fig. 1). Established in
1883 outside the then urban limits, the park was
partly occupied by small country properties and
tea plantations (Camelia sinensis). The city has
grown from a population of 61,000 in 1883 to more
than 10,000,000 today, and this conservation area
is now inside the city’s urban perimeter. The park
had 549.31 ha, and 109.31 ha of the more heavily
frequented area were allocated to government
agencies and departments (Melhem et al., 1981).
The remaining 340 ha became a biological reserve
in 1883 (Fig. 2).

This biological reserve is characterized as
a montane Atlantic rain forest, in various stages
of succession.

The main causes of disturbance result from
its urban location, and include acid rain, atmospheric
pollution and the “heat island” effect (Lombardo,
1985), as well as isolation. Other sporadic causes
of disturbance are the extraction of wood and or-
namental plants, hunting, and fires that occur around
the edge of the park. The flora has been described
in a series of studies by the Instituto de Botânica
de São Paulo (Hoehne et al., 1941; Melhem et al.,
1981, 1984; Milanez et al., 1990). Studies have been
carried out in the park of arboreal vegetation
(Struffaldi-de-Vuono, 1985; Costa & Mantovani,
1992; Nastri et al., 1992; Teixeira et al., 1992;
Knobel, 1995; Penhalber & Mantovani, 1997; Go-
mes & Mantovani, 2001).
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Forest has a discontinuous canopy and tree
heights are between 10 and 15 m, with a dense
understory, and in the open areas two species of
gramineae predominate (Olyra micrantha H.B.K.
and Chusquea sp.). Many of the trees have inclined
trunks, and there are numerous lianas. Gomes &
Mantovani (2001) reported marked dominance of
six tree species in permanent sample plot: Plinia
glomerata (O. Berg) Amsh. (Myrtaceae), Ouratea
semiserrata (Mart. & Ness.) Engl. (Ochnaceae),
Coccoloba warmingii Meiss. (Polygonaceae),
Maytenus robusta Reissek (Celastraceae) Pera
glabrata (Schott) Baill. (Euphorbiaceae) and
Syagrus romanzoffiana (Cham.) Glassm. (Palmae).

Meteorological data were obtained from an
observatory of the “Institute of Astronomy and
Geophysics” of the University of São Paulo,
located 300 m from the forest fragment under study.
During the period between the 1989 and 1995
census the average annual temperature was 19.2°C,
the monthly average being highest in January
(22.3°C) and lowest in July (15.7°C). There was
frostσ in July 1988 and July 1989. The average
rainfall for the years in question was 1556.1 mm,
varying from 1918 mm in 1991 to 1315 mm in
1994 (Fig. 3). Half the rainfall occurred between
December and March, the four warmest months
of the year, and the lowest rainfall occurred in July
(41 mm). The most severe drought was in 1994,
with two other severe droughts in 1988 and 1992
(Fig. 3). At the end of the dry season in 1994, fire
occurred in the southern area of the reserve
affecting 20 ha of forest.

Between 1950-1959 and 1988-1995, the
average annual temperature increased by 1.2°C

(from 18°C to 19.2°C). The climate during the
period under analysis was Cwa, Cwb or Cwf type,
according to the Köppen System (1948), due to
the variations in the average annual temperature
of around 18°C, with the hottest month around
22°C (Aragaki & Mantovani, 1998). The soils are
predominantly ferralsols type.

Between November 1989 and March 1990,
the time of the first census, 1 ha plot of forest in
the center of the reserve was demarcated, with a
slope of 10% to 25%. All standing trees with a
diameter at breast height (dbh) ≥ 8 cm were
measured and mapped into a grid of 400 sub-plots
of 5 x 5 m. No antropogenic disturbance events
were recorded in the plot and surrounding area.
The trees were marked and the species were
identified. The area was re-sampled between
February and June 1995, in a second census.

Mortality (M) and recruitment (R) rates were
calculated (Sheil, 1995b; Sheil et al., 1995) as follows:

M = {1 – [(N
O
  – m)/N

O
]1/∆t} x 100,

where N
O
 = population count at the beginning of

the measurement interval, m = number of deaths
among the initial population, following the
between-census period (∆t), ∆t = measurement
interval between census (t

l
 – t

0
) and:

R = {[(NO + r)/NO]1/∆t – 1} x 100,

where: r = number of individuals recruited, excluding
the dead recruited, between the censuses (Sheil &
May, 1996). Stand half-life (T

O.5
, Swaine & Lieber-

man, 1987) and time necessary to double the number
of individuals (T

2
, Pinto-Coelho, 2000) were obtained

using:
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T
O.5

 = (ln 0.5)/1n[(N
O
 – m)/N

O
]1/∆t and

T
2
 = (ln 2)/1n[(N

O
 + r)/N

O
]1/∆t.

Dynamic (D) and stability (S) measures were
calculated by (Gomes, 1998, modified from
Korning & Balslev, 1994b):

S = [(m + r)/N
O
] x 100 and

D = [(r + m + d)/NO]1/∆t x 100,

where d = number of individuals that were recruited
and died between the censuses. Generally, recruits
that died are not indicated in permanent sample
plot studies. Over longer periods between the
census, trees can be recruited, die, and not be
recorded, thus underestimating dynamics. The
above equation makes explicit the dependence of
dynamics value D on the number of dead recruits.

Rates were obtained for those species which
had at least 10 individuals sampled in the first
census (Gomes & Mantovani, 2001). Two recorded
trees had a smaller dbh than the minimum required
for inclusion in the second census. One of these,
a specimen of Alchornea triplinervia (Spreng.)
Muell. Arg. (Euphorbiaceae), presented three trunks
in the first census, the largest of which was broken,
and the dbh was thus lower than the criterion for
inclusion in the second census. The other tree with
a negative increment was a specimen of Pera
glabrata, which fell, but remained alive, and
resprouted on the lateral branches. These two
individuals were considered false dead (Table 1)
and were treated as dead in the calculations.

Based on the differences in diameter, the rates
of relative growth were calculated as follows
(Welden et al., 1991):

RGR = {[(dbh95 – dbh89]/dbh89]1/∆t – 1} x 100,

where dbh89 is the dbh in the first census and
dbh95 is the dbh in the second census. The species
were classified into two groups according to their
mean annual relative growth rate (RGR) – low
RGR (RGR

low
, < 0.62%/year) and high RGR

(RGR
high

 ≥ 0.62%/year) – for all species with ten
or more trees in first census.

The species were distributed into three classes
of abundance: rare (1 or 2 ind./ha), occasional (3
to 9 ind./ha) and common (10 or more ind./ha). The
diameter classes were: small (8 cm ≤ dbh ≤ 12 cm),
medium (12 cm < dbh ≤ 16 cm) and large (dbh >

16 cm). The palm tree Syagrus romanzoffiana was
not included in calculations because of negative
increments for many individuals whose trunks were
not free from their leaf sheaths when their dbh was
measured at 1.3 m in the first survey.

RESULTS

The second census recorded 749 individuals
whose total basal area was 19.55 m2/ha, whereas
the first census recorded 669 indiv./ha with total
basal area of 17.031 m2/ha. The Shannon-Wiener
diversity index was also greater in the second
census with 3.529 nats, though not significantly
differing (t = 1.019, p > 0.10) from the value obtai-
ned in the first census with 3.445 nats. Of trees
with dbh ≥ 10 cm in the second census, 571
individuals belong to 87 species with 18.46 m2/
ha total basal area, and H’ = 3.362.

Diametric distribution curves (Fig. 4)
obtained for total live individuals did not differ
from the first to the second census (Kolmogorov-
Smirnov Test, D = 0.026376 < D

0.05 
= 0.072303).

Nor did they differ for rare species between the
two surveys (Kolmogorov-Smirnov Test, D =
0.120565 < D

0.05 
= 0.224415) or between rare and

other species in first census (Kolmogorov-Smirnov,
D = 0.079242 < D

0.05 
= 0.183791). However, the

relative number of higher diameter values were
significant lower for rare species than to other ones
(Kolmogorov-Smirnov Test, D = 0.154717 > D

0.05 
=

0.149792) in the second sampling (Fig. 4).
The mortality rate of 1.67%/yr for all trees

(1.59%/yr for dbh ≥ 10 cm) was much lower than
recruitment rate, 3.46%/yr (3.67%/yr for dbh ≥
10 cm), and half-life time (T

0.5
) was 41.23 years

and doubling time (T
2
) was 20.39 years.

Recruitment rates would have been higher
and mortality lower if Syagrus romanzoffiana
population had been included. Many negative
increments were recorded for this palm species
because the inclusion criterion for phanerophytes
(dbh ≥ 8 cm) was used, and the leaf sheath was
measured frequently in the first survey. However,
it is certain that none of the marked palms died
during the study, and a number were recruited. The
R value for Syagrus romanzoffiana was estimated
to be between 4.0 and 6.6%/yr.
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Categories ∆t  NO m r M R  λ RGR 

Abundance Class 
rares (1 or 2 trees/ha) 

5.60 60 7 41v 2.17 9.35vi 1.083 2.08 

ocasionals (from 3 to 9 trees/ha) 5.59 174 20 37 2.16 3.51 1.017 1.43 

Commons (10 or more trees/ha) 5.56 435 33 62 1.41 1.42 1.012 1.19 

Size Class 
8 cm ≤ dbh ≤ 12 cm 

5.58 270 36 128 2.53 7.20 1.054 
1.71 

12 cm < dbh ≤ 16 cm 5.55 175 13 53 1.38 4.88 1.038 1.07 

dbh > 16 cm 5.59 224 11 32 0.90 2.40 1.016 1.09 

Relative Growth Rate (RGR) Class  

RGRlow 

5.55 
255 31 17 

2.31 
1.17 0.989 0.28 

RGRhigh 5.60 180 5 45 0.50 4.07 1.036 1.44 

Species 

Alchornea sidifolia 

5.60 
16 0 15 0.00 12.63 1.125 

7.13 

Amaioua guianensis 5.59 22 0 4 0.00 3.03 1.030 0.62 

Coccoloba warmingii 5.60 56 3 3 0.98 0.94 1.000 1.05 

Guatteria australis 5.50 16 0 3 0.00 3.14 1.031 0.30 

Guapira opposita 5.54 10 0 8 0.00 11.13 1.112 2.83 

Myrcia pubipetala 5.49 17 2 0 2.26 0.00 0.977 0.25 

Maytenus robusta 5.52 72 15 4 4.14 0.98 0.970 0.29 

Ouratea semiserrata 5.54 76 2 2 0.48 0.47 1.000 1.00 

Pera glabrata 5.52 32 5vii 4 3.03 2.16 0.994 0.63 

Plinia glomerata 5.60 96 6 2 1.15 0.37 0.992 0.69 

Psychotria nemorosa 5.65 22 0 17 0.48 10.66 1.107 3.73 

only dbh ≤ 10 cm (without palmae) 
558 493 42 100 1.59 3.37 1.020 – 

All trees (without palmae) 
5.59 669 60 140 1.67 3.46 1.020 – 

i Including false dead  (2 trees) in total and  not including  3 dead recruits. 
ii Not including 3 dead recruit. 
iii  A. guianensis, G. australis, M. pubipetala, M. robusta, P. glabrata, P. glomerata. 
iv  A. sidifolia, C. warmingii, G. opposita, O. semiserrata, P. nemorosa and rares. 
v In 41 recruits 14 were from 12 new recorded species (2nd census). 
vi Excluding the 14 individuals pointed out above R = 6.81%/year. 
vii Including  false dead. Without these M = 2.39%/year. 

TTTTTABLE 1ABLE 1ABLE 1ABLE 1ABLE 1

MorMorMorMorMortality and rtality and rtality and rtality and rtality and recrecrecrecrecruitment betwuitment betwuitment betwuitment betwuitment between 1989 and 1995 feen 1989 and 1995 feen 1989 and 1995 feen 1989 and 1995 feen 1989 and 1995 for sizor sizor sizor sizor sizeeeee,,,,, r r r r relaelaelaelaelatititititivvvvve ge ge ge ge grrrrrooooowth and common species (10 or morwth and common species (10 or morwth and common species (10 or morwth and common species (10 or morwth and common species (10 or moreeeee
indiindiindiindiindividuals) sizviduals) sizviduals) sizviduals) sizviduals) size ce ce ce ce classes in 1 ha of secondarlasses in 1 ha of secondarlasses in 1 ha of secondarlasses in 1 ha of secondarlasses in 1 ha of secondary montane ry montane ry montane ry montane ry montane rain fain fain fain fain forororororest (Fest (Fest (Fest (Fest (Fontes do Ipirontes do Ipirontes do Ipirontes do Ipirontes do Ipiranganganganganga Staa Staa Staa Staa State Pte Pte Pte Pte Pararararark,k,k,k,k, IA IA IA IA IAG-USPG-USPG-USPG-USPG-USP,,,,,

2323232323ooooo39’S-4639’S-4639’S-4639’S-4639’S-46ooooo37’WG37’WG37’WG37’WG37’WG,,,,, 775-790 m), 775-790 m), 775-790 m), 775-790 m), 775-790 m), São P São P São P São P São Paulo,aulo,aulo,aulo,aulo, SP SP SP SP SP. Dt = time inter. Dt = time inter. Dt = time inter. Dt = time inter. Dt = time intervvvvval betwal betwal betwal betwal between census (yeen census (yeen census (yeen census (yeen census (yearearearearears); Ns); Ns); Ns); Ns); NOOOOO = inicial n = inicial n = inicial n = inicial n = inicial number ofumber ofumber ofumber ofumber of
indiindiindiindiindividuals (1st census); m = deadviduals (1st census); m = deadviduals (1st census); m = deadviduals (1st census); m = deadviduals (1st census); m = deadiiiii; r = r; r = r; r = r; r = r; r = recrecrecrecrecruitsuitsuitsuitsuitsiiiiiiiiii; M = mor; M = mor; M = mor; M = mor; M = mortality rtality rtality rtality rtality raaaaate (%); R = rte (%); R = rte (%); R = rte (%); R = rte (%); R = recrecrecrecrecruitment ruitment ruitment ruitment ruitment raaaaate (%); RGRte (%); RGRte (%); RGRte (%); RGRte (%); RGR

lololololowwwww = tr = tr = tr = tr = treeeeeeeeee
species (ten or morspecies (ten or morspecies (ten or morspecies (ten or morspecies (ten or more indie indie indie indie individuals)viduals)viduals)viduals)viduals)iiiiiiiiiiiiiii with r with r with r with r with relaelaelaelaelatititititivvvvve ge ge ge ge grrrrrooooowth rwth rwth rwth rwth raaaaate (RGR) belote (RGR) belote (RGR) belote (RGR) belote (RGR) below median fw median fw median fw median fw median for all commor all commor all commor all commor all community (0.62%/yunity (0.62%/yunity (0.62%/yunity (0.62%/yunity (0.62%/year);ear);ear);ear);ear);

RGRRGRRGRRGRRGR
highhighhighhighhigh = tr = tr = tr = tr = tree species (ten or moree species (ten or moree species (ten or moree species (ten or moree species (ten or more indie indie indie indie individuals)viduals)viduals)viduals)viduals)iiiiivvvvv with r with r with r with r with relaelaelaelaelatititititivvvvve ge ge ge ge grrrrrooooowth rwth rwth rwth rwth raaaaate ate ate ate ate abobobobobovvvvve median fe median fe median fe median fe median for all commor all commor all commor all commor all communityunityunityunityunity

(0.62%/y(0.62%/y(0.62%/y(0.62%/y(0.62%/year). ear). ear). ear). ear). TTTTThe palm species he palm species he palm species he palm species he palm species SySySySySyaaaaagggggrrrrrus rus rus rus rus romanzomanzomanzomanzomanzofofofofoffffffianaianaianaianaiana (P (P (P (P (Palmae) is not incalmae) is not incalmae) is not incalmae) is not incalmae) is not includedludedludedludedluded.....
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Of the eleven species with at least ten
individuals sampled in the first census (Table 1),
species with a high recruitment rate were Alchornea
sidifolia Muell. Arg. (Euphorbiaceae), at 12.63%/year,
Guapira opposita (Vell.) Reitz (Nyctaginaceae)
at 11.13%/year, Psychotria nemorosa Gardn.
(Rubiaceae) at 10.66%/year, and Guatteria
australis A. St. Hil (Annonaceae) at 3.14%/year.
Alchornea sidifolia is an early secondary species
associated with gaps in sample plots (Gomes,
1998), and the three others are understorey species.
Population decline was especially high for
Maytenus robusta (–3.00%/year), Plinia glomerata
(–0.80%/year) and Myrcia pubipetala Miq.

(Myrtaceae) (–2.3%/year). The populations of
Ouratea semiserrata and Coccoloba warmingii
remained constant.

Mortality did not differ significantly (χ2 =
2.405, 2 f.d., p > 0.10) among common species,
occasional species and rare species. However, rare
species had significantly higher recruitment rates
(χ2 = 46.38, 2 f.d., p < 0.001).

In regard to dbh classes, there were
significant differences for M (χ2 = 10.74, 2 f.d.,
p < 0.001) and R (χ2 = 42.08, 2 f.d., p < 0.001).
The largest difference occurred in dbh ≤ 12 cm
class, with more dead and recruited individuals
(Table 1).
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FFFFFigigigigig. 4 —. 4 —. 4 —. 4 —. 4 — Diameter distribution of standing live trees (a) and rares species (b), in the first (1989-1990), light bars, and second
(1995) census, dark bars, in Fontes do Ipiranga State Park, São Paulo, Brazil.
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The number of dead individuals in dbh > 16
cm class (obs = 11) and recruited individuals (obs =
32) were below the expected values of 20 and 71
in contingency tables.

There were significant differences for M (χ2 =
7.29, 1 f.d., p < 0.01) between RGR classes, with
more dead trees among the lower RGR class (obs =
28, exp = 22). In the case of low R in the RGR

low

class (obs = 17, exp = 53), and high R in the
RGR

high
 class (obs = 86, exp = 50) the result was

highly significant (χ2 = 50.54, 1 f.d., p < 0.001).
The area under study presented higher values

for dynamics (D = 0.806) and lower values for
stability (S = 0.112) than comparable areas (Fig.
5). Stability is at maximum when S = 0. Comparative
studies were carried out in plots of approximately
1-ha, using the same inclusion criteria of dbh ≥ 10
cm, values for the FISP plot in Fig. 5 were only
for this criteria, and had similar 5 years intervals
between census, thus minimizing effects of
comparisons between dissimilar census intervals.

DISCUSSION

The most outstanding aspect of the dynamics
in the FISP permanent plot was the clear imbalance

between recruitment and mortality, reflecting an
increase in density and basal area of 11.96% and
14.79%, respectively. Although density may vary
significantly over time (Manokaran & Kochummen,
1987), recruitment and mortality rates recorded
at study site were too high to be due to random
fluctuations only.

Permanent plots in forests under climatic
conditions similar to those of the study area show
lower values for R, while M of FISP plot is in the
intermediate range (Table 2).

The most likely explanation for the observed
changes is that the sampled forest is recovering
from the effects of disturbances prior to
establishment of the plot. In the first census the
percentage of individuals in the area that died
standing (14% of the total of trees) was greater
than the 4.6% to 7.6% recorded in other forests
in São Paulo State,  in four studies (Gomes &
Mantovani, 2001). There is no removal of trees
for fuelwood or record of extreme disturbances,
such as fires, logging, epidemics or any other
possible cause of catastrophic mortality (M > 5%/
yr, sensu Lugo & Scatena, 1996). There are two
remaining hypotheses to explain the community’s
loss of steady state.

FFFFFigigigigig. 5 —. 5 —. 5 —. 5 —. 5 — Stability and dynamics values for permanent sample plots. Inclusion criteria dbh > 10 cm. AL1, Allpahuayo, Peru,
Phillips (1996); AN3, plot 2 in Añangu, Ecuador, Korning & Balslev (1994a, b); FISP, this study; JS, Jatum Sacha, Ecua-
dor, Phillips & Gentry (1994); RD1 to RD5, Ducke Reserve, Manaus, Brazil, Rankin-de-Merona et al. (1990).
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The first hypothesis was raised in a previous
study (Struffaldi-de-Vuono, 1985) which consi-
dered induced mortality by atmospheric pollution
caused by a steel mill (De Vuono et al., 1988).
Were this the case, stricter emissions controls
starting at the end of the eighties could be enabling
some of the populations to recover after drastic
reductions of phytotoxic aerial pollutants followed
by several years of leaching of pollutants.

The second hypothesis involves climatic
changes in the metropolitan area of São Paulo over
the past century. The average annual temperature
in the city has increased 2°C in the 20th century
(Lombardo, 1985). At the meteorological station
in the FISP reserve the average annual temperature
increased from 17.1°C in 1929 to 19°C in 1995.
This temperature rise was followed by a reduction
of fog and less frequent but heavier periods of
rainfall (Lombardo, 1985).

A third explanation involves the interactions
among many factors (pollutants, climatic change,
fragmentation) and a non linear response of plants
to the stress.

The mortality rate in this study, 1.56%/yr (for
dbh ≥ 10 cm, like compared sites), was very close
to the mean value for 65 other studies of tropi-
cal and sub-tropical forests (Phillips, 1996). Among
these, 50% of the values were between 1.13% and
2.10%/yr. Mortality at FISP varied greatly among
species, from none for several species to 4.14%/
yr. for Maytenus robusta.

The recruitment rate at FISP was greater than
the highest figures in the literature: 3.44%/yr in
Gajabuih, Indonesia (Phillips & Gentry, 1994).
Elevated recruitment rates were reported after
periods of acute disturbance (Lugo & Scatena,
1996; Boucher & Mallona, 1997) or chronic
disturbance, such as in especially dry years (Condit
et al., 1996), in secondary stands (plot 2 in Milton
et al., 1994; selectively logged area in Elouard et
al., 1997) and/or forest edges (Laurence et al.,
1998).

In various studies there were no significant
differences in M between diameter classes (Swaine
et al., 1987a; Gentry & Terborgh, 1990; Rankin-
de-Merona et al., 1990; Carey et al., 1994; Korning
& Balslev, 1994a), but in others (Briscoe &
Wadsworth, 1979; Matelson et al., 1995; Taylor
et al., 1996) lower dbh classes had higher mortality
and recruitment, as was the case in FISP, where

the differences were due to mortality among the
Maytenus robusta population and recruitment of
Psychotria nemorosa trees.

Among the more abundant populations,
Guapira opposita (Vell.) Reitz (Nyctaginaceae),
Amaioua guianensis Aubl. (Rubiaceae), Psychotria
nemorosa, Guatteria australis increased their
populations over the period. These are understorey
species (Klein, 1980), as are Plinia glomerata and
Myrcia pubipetala, which were among those with
the most marked population decline. The decli-
ne of Maytenus robusta, however, was the greatest.
It is classified variously as a gap colonizer (Costa
& Mantovani, 1995), a late secondary (Klein, 1980)
and an early secondary (Gandolfi et al., 1995).
Canopy and sub-canopy species in our study, such
as Coccoloba warmingii, Ouratea semiserrata and
Pera glabrata were in steady state. This latter
species is classified as an early secondary (Costa
& Mantovani, 1995; Tabarelli & Mantovani, 1997)
or a secondary (Klein, 1980); no references were
found for the first two. Data for the dynamics of
these species are only available for Maytenus
robusta and Amaioua guianensis. Both were
sampled by Felfili (1995) at Águas Claras Farm,
in the Brazilian central plateau. For Maytenus
robusta, an M value of 2.7%/yr was recorded,
lower than that measured in the community
(3.44%yr–1). Also in this study M of 3.1%yr–1 was
recorded for Amaioua guianensis. None of the 22
Amaioua guianensis individuals died at FISP over
the period between surveys.

In a forest undergoing successional change
it is expected that understorey, shade tolerant
populations should become more common, as the
canopy recovers, but at FISP, this was not observed:
in the case of understorey tree species, the
population included individuals within the highest
and lowest λ values. The inclusion criterion (dbh ≥
8 cm) ensured that only adult trees were sampled,
thus offering a partial picture of this population.
In addition the understorey vegetation (Gomes &
Mantovani, 2001), seedlings, and seed banks
(Penhalber, 1995) were sampled and the results
also contributed for interpretation of our study.
In the first census, where individuals with dbh ≥
2.5 cm in subplots were also surveyed, Guatteria
australis and Plinia glomerata were not recorded.
All the other species listed above were surveyed
and Amaioua guianensis and Guapira opposita
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were the most abundant in the size class (2.5 ≤
dap < 8 cm). No seeds for Guatteria australis,
Plinia glomerata and Myrcia pubipetala were
recorded in the seed rain samples (Penhalber &
Mantovani, 1997). In the seedling bank all the
species were poorly represented except for
Maytenus robusta and Psychotria nemorosa
(Penhalber, 1995). Using the dbh size distributions
of these populations when they were studied in
the first survey (Gomes & Mantovani, 2001) a
population decline was expected for Plinia
glomerata and Maytenus robusta.

The results in this study confirm the
prediction for Plinia glomerata. The number of
trees that died and were recruited, however, was
small – six and two respectively – and a future
census will be needed to confirm this trend. For
Maytenus robusta however, the process was much
more pronounced than expected. Therefore,
understorey species had very different population
trends: an accentuated decline for some and a
vigorous increase for others.

Classification systems that place species into
ecological groups present several problems when
applied to tree species in montane rain Atlantic
Forests. Among the rich terminology found in the
literature for designating ecological groups (Clark
& Clark, 1987), the classification system proposed
by Schulz (1960), which distinguishes understorey
species as “partial shade-bearers” and “shade-
bearers” was more appropriate for species in the
FISP plot. According to this classification, Mayte-
nus robusta and Plinia glomerata would be in
the second group and Guapira opposita,
Psychotria nemorosa and Amaioua guianensis
would be in the first. Classification by ecological
groups had its origin in field observations of
stratification in the forest and the subjective
human perception of “exposure to light”. More
objective classification systems will likely emerge
when the physiology of plants representing each
ecological group is studied, especially in regard
to their responses at each life stage to
environmental factors.

Rare species have higher mortality and
recruitment rates in permanent plots in lowland
tropical rain forests (Hubbell & Foster, 1983, 1986a,
b, c, d, 1990; Manokaran & Kochummen, 1987;

Okali & Ola-Adams, 1987; Swaine et al., 1987a,
b; Hall, 1991; Welden et al., 1991; Primack & Hall,
1992; Condit et al., 1995). This is partly due to
the rarity of gap-loving species that have high
growth, recruitment and mortality rates. Large gaps
are rare even in this type of forest and, therefore,
gap-specialized species are also rare. However,
since not all rare species are gap-specialized,
species belonging to other ecological groups may
be found among the rare species. In the FISP study,
the changes under way in the community made it
difficult to interpret dynamics of rare group species.
Many rare species will become common under
more steady state conditions, and, perhaps,
occasional and common species will become rare.
Note that definition of rare species is subjective.

Dynamic processes that predominate in
lowland tropical rain forests cannot be automa-
tically applied to the type of forest in the FISP
reserve. Tropical forests contain a number of
distinctive pioneer species, dependent on large gaps
for germination and growth, and “gap-phase
dynamics” prevail in these forests. Authors such
as Pascal & Pelissier (1996), Swaine et al. (1990),
Uhl (1982), who have worked in other forest types,
recognize that different dynamic processes may
be more common. Perhaps, in low stature forests
the rule is that dead trees are replaced with young
understorey individuals, saplings or vegetative
growth from neighboring plants and rarely by
recruitment of a pioneer tree in a gap. Low stature
tropical and sub-tropical forests (montane forests,
forests on sandy sediment, and deciduous forests),
although less diverse than lowland rain forests,
are common in various parts of the world, and of
great interest for the conservation of biodiversity.
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