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ABTRACT — (Juvenile dynamics of the endemic and rare Enterolobium glaziovii Benth. (Mimosaceae) around reproductive
trees in the Atlantic Forest, Brazil). Studies on the regeneration and seedling mortality of rare tree species are important,
but scarce. The aim of this study was to investigate the annual variation in recruitment, growth and mortality of juveniles of
Enterolobium glaziovii Benth., a rare tree species from the Brazilian Atlantic Rain Forest. All seedlings and juveniles
around four reproductive treeswere labeled and their fate was followed from 1996 to 1999. There were no annual differences
in juveniles' recruitment below and beyond the parental crown, but juveniles’ survival and growth were lower below than
beyond of the parental tree crowns. Small individuals (< 15 cm tall) showed the greatest mortality and the lowest growth,
followed by medium (from 15 to 50 cm tall) and large ones (> 50 cm tall). Large juveniles were more widely dispersed
from the conspecific parental tree than were medium and small ones. This suggests that distance dependent mortality of
juvenilesmediated by the parental treeisan important cause of spacing shifts associated with the growth of small individuals
of E. glaziovii into large ones. Widely dispersed juveniles may escape the high mortality associated with pathogens,
herbivores or seed predators concentrated around adult conspecifics. The negative influence of the parental tree on its
juveniles may explain the sparse distribution of its adults in the forest.

Key words - conspecific influence, distance-dependent mortality, growth, shade tolerance, size-dependent mortality

RESUM O — (Dinamica de juvenis do raro e endémico Enterolobium glaziovii Benth. (Mimosaceae) ao redor de individuos
reprodutivos na Mata Atléantica, Brasil). Estudos sobre regeneracdo e mortalidade de plantula de espécies de arvores raras
sd80 importantes, porém escassos. O objetivo deste estudo foi investigar a variacdo anual no recrutamento, crescimento e
mortalidade de juvenis de Enterolobium glaziovii Benth., uma espécies de &rvore rara da mata Atlantica. Todas as plantulas
e juvenis ao redor de quatro arvores reprodutivas foram marcadas e acompanhadas de 1996 a 1999. Nao houve variacGes
anuais no recrutamento de juvenis embaixo ou fora da copa da arvore parental, mas a sobrevivéncia e crescimento dos
juvenisforam menores embaixo do que foradacopadaplanta parental . Individuos pequenos (< 15 cm de altura) apresentaram
maior mortalidade e menor crescimento, seguidos pelos individuos médios (entre 15 e 50 cm de altura) e grandes (> 50 cm
de altura). Individuos grandes estavam mais afastados do individuo parental do que os médios e pequenos. Estes resultados
sugerem gque a mortalidade dependente de distancia de juvenis, mediada pelas &rvores parentais, € umadas mais importantes
causas de mudancas espaciais associadas com o crescimento de individuos pequenos de E. glaziovii a individuos grandes.
Os juvenis com maior distancia dos adultos podem escapar da alta mortalidade associada com patégenos, herbivoros ou
predadores de sementes concentrados ao redor de adultos coespecificos. A influéncia negativa da planta parental sobre os
juvenis pode explicar a distribuicdo esparsa dos adultos desta espécies na floresta.

Palavras-chave- crescimento, influéncia do coespecifico, mortalidade dependente de distancia, mortalidade dependente
de tamanho, tolerancia ao sombreamento

Introduction Atlantic Forest, which extends along the Brazilian coast,

where the largest part of that country’s population and

Itiswidely known that one of the most threatened  economics activitiesarelocated (Mori et al. 1981). The
tropical forest ecosystemsintheworldisthe Brazilian ~ Atlantic forest of Brazil, like other tropical forests
(Richards 1996), contains a large number of rare plant
species that are more prone to extinction by forest
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Its comprisesrecruitment, survivorship, and the growth
of avery large number of speciesthat may differ intheir
mode of lifeand in regeneration, (Lauranceet al. 1998).

Studies from Costa Rica (Condit et al. 1992) and
Brazil (Silva-Matos et al. 1999) have shown that the
regeneration of common tree species is the only
population processregulated by density factors, with the
mortality of seedlings and juveniles increasing as the
density of conspecifics increases. However, for many
species, regeneration is affected by the parental tree
(Chapman & Chapman 1995) through the action of seed
predators, herbivoresor pathogens (Janzen 1970, Connell
1971, Silva-Matos & Watkinson 1998). For example,
De Steven (1994) revealed that first year seedlings of
three shade tolerant canopy species had relatively low
survival over the subsequent years compared to older
seedlingsand saplings.

Treeregeneration may vary amongst years because
of natura climatic changesin theforest (Garwood 1982).
Largefluctuationsin soil water availahility, for example,
may be detrimental or even lethal for seedling emergence
and survival (Augspurger 1979). The timing of
recruitment could affect both the likelihood of suffering
environmental stress such asdrought, and the prospects
of competition from pre-existing seedlings (Garwood
1982). Thus, changes in natural climate among years
could increase or decrease theinfluence of parental tree
on juvenileregeneration.

Therefore, thegoasof thisstudy wereto investigate
the annual variation in the recruitment, growth and
mortality of Enterolobium glaziovii Benth. juveniles
around reproductive trees. Long-term studies on tree
regeneration are rare (Sarukhan 1978, Hubbell et al.
1990, Hubbell & Foster 1992, Alvarez-Buylla1994, De
Steven 1994, Silva-Matos & Watkinson 1998, Silva-
Matos et al. 1999), and most studies of tropical tree
seedlings have been restricted to periods of 1-2 years.
Studies of regeneration in rare tree species, aswell asa
knowledge of thefactorsthat influence seedling mortality,
whichisvery high (Clark & Clark 1985), can lead to a
better understanding of the process of tree regeneration,
and has practical applications in the management of
forests (Still 1996). Enterolobium glaziovii
(Mimosaceae) isarare canopy tree endemicto Brazilian
coastal Atlantic forests, with the adults often located very
far from each other (at least 2 km) (personal observation).

The questions addressed here were: 1) are there
annual differencesin juvenilerecruitment, mortality and
growth below and beyond the parental crown? 2) are
there differences in the growth and mortality among
juvenilesof different sizes?, and 3) does seedling growth

vary with the level of shade? Variations in species
response to irradiance are very important, particularly
since canopy coverage can change through natural tree
fall, logging and other disturbances that affect the new
individualsstabling chances (Swaineet al. 1997, Agyeman
etal. 1999). The seedlings ability to grow and survivein
the understory, wherelight may often belimiting, isone
of the conditionsfor successful treeregenerationinthis
environment (Brokaw 1985, Hubbell & Foster 1990,
Poorter 1999). The few seedlings that survive in the
understory arevery important in forest dynamicsbecause
suppressed seedlings and saplings areamajor component
of theregrowth that occursin new treefall gaps (Brokaw
1985). Moreover, the relationship between light
conditions and tree growth can serve to predict future
timber yields in managed forests using an individual-
based growth model (Webb 1999).

M aterial and methods

Study species— Enterol obium (Mimosaceae) isaneotropical
genus distributed from Central America (Mexico) to South
America (Argentina), being Amazon its diversity center
(Mesquita 1990). The timber of this genus is used to make
boats, packing cases and scantlings. Enterolobium species
are distinguished mainly by their fruit morphology, which
is predominantly indehiscent. Among the 10 species of the
genus, E. glaziovii Benth. has a restricted geographic
distribution having been reported from only three statesin
Brazil (Rio de Janeiro, Espirito Santo and Bahia), and is
therefore endemic of the Brazilian coastal Atlantic forests
(Mesquita 1990). This species, which occurs at a low
frequency in the forest (H.C. Lima unpublished data), is a
deciduous canopy tree, and reproductive individuals range
from 8 to 30 m tall (Mesquita 1990). The fruits are large
and heavy (14.6 g + 6.4, mean + sd), and are contorted black
woody pods (8-10 cm x 4-5 cm) that contain 1 to 14 seeds,
with a mean of nine seeds per fruit (FN. Ramos & A.C.S.
Andrade, unpublished data). The seeds of some
Enterolobium species are dispersed by tapirs and rodents
(Janzen 1981, Fragoso & Huffman 2000). All E. glaziovii
juveniles occur in environments with canopy coverage
> 80% (F.N. Ramos & F.A.M Santos unpublished data).

Study areas— The study was carried out in four circular plots
with 30 m radius (three times the mean radius of the crown
of the reproductive trees), each one centered on a
reproductive tree of E. glaziovii. Three (B1, B2, and B3)
were located in the Biological Reserve of Pogo das Antas
(BIORE) (22°29' - 22°36' S and 42°13' - 42°21' W), while
the fourth (R1) wasin the Tijuca National Park, closeto the
Rio de Janeiro Botanical Garden (RIBG) (22°58' S and
43°13'" W) in Rio de Janeiro State, Brazil. Both areas arein
the Atlantic Forest, which is evergreen, or dense
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ombrophilous (sensu Velloso et al. 1991). At BIORE, the mean
temperatureis27.6 °C in summer and 21.3°Cinwinter, and the
mean annud rainfall is2091.9 mm (IBDF 1981aand datafrom
the Golden Lion Tamarin Association obtained from 1983 to
1998). At the RIBG, the mean temperatureis29 °C in summer
and 22 °C inwinter, with amean annual rainfall of 1,075 mm
(IBDF 1981b, CoedhoNeto 1985 apud Oliveira& Lacerda1988).
Only four reproductive treeswerefound in both areasand all
wereisolated. Thedistance betweenthe BIORE and RIBGis
126 km and within BIORE the distance between individuals
ranged from 2.5 to 10 km. Each plot was considered as a
replicate, regardless of the climatic differences.
Recruitment, growth and mortality — All E. glaziovii
juveniles (non-reproductiveindividuals) inthecircular plots
were tagged and their location below and beyond the central
reproductive tree crown was recorded. The survival of the
juveniles, the presence of new recruits (small individuals
that were absent in preceding census) and their height (from
the ground to the apical bud) were recorded annually from
1996 to 1999. Mortality was defined as death or
disappearance, whereas stems that had snapped but
resprouted were considered alive.

Juvenile size classes — To assess whether mortality was size
dependent, juveniles of the 1996 cohort were divided in three
sizeclasses small (< 15 cmtall), medium (from 15t0 50 cmitall)
andlarge (> 50 cmtall). Thejuvenilesizeclasseswerevisualy
selected after analyzed their total height range.

Shade levels — The response of E. glaziovii seedlings to
different levels of shade was examined in a greenhouse
experiment done at the Universidade Estadual de Campinas,
Séo Paulo State, Brazil. Seeds were scarified and placed in
plastic pots on vermiculite, with no light or temperature
control. When the seedling radicle reached 3 mm, the
seedlings were individually planted in 500 ml plastic cups
filled with a 2:1 soil:sand mixture. The phaneroepigeal
seedlings (sensu Garwood 1996) were initially grown in
the greenhouse. After the cotyledons had completely
expanded, the seedlings were transferred to boxes covered
with thin plastic shade cloth, which limited the light
incidencein 90%, 80%, 60%, 40%, and 0%. Theirradiancein
each box was measured with an LI-COR quantum sensor
coupledtoall 1000 datalogger. Concurrent measurements
were made inside each box and in an open area at 12:00 h
on four cloudless days, so that the treatments could be
expressed as the percentage of shade.

Twenty seedlings per treatment were randomly placed
in five rows of four plastic cups in each box and were re-
randomized every month throughout the six-month
experiment. The seedlings were watered daily and their
height (up to the apical meristem) and root collar diameter
were recorded monthly. Twenty seedlings were harvested,
at the beginning of the experiment, and the remainder were
harvested at the end of the experiment. The leaves, stems
and roots of the harvested seedlings were dried at 80 °C for
48 h, prior to dry biomass measurements was obtained. The

relative leaf mass (RLM) and relative root mass (RRM) (dry
mass of leaves or roots / total seedling dry mass) were
calculated for each seedling according to Hunt (1982). Stem
robustness (SR) (total dry mass/ stem length) was calculated
according to Lee et al. (1996).

Statistical analysis - The mean annual recruitment rates, r,
were estimated as follows (Sheil & May 1996, Bursiem
et al. 2000): r = 1—(1—nr—Nt) ¥*; where nr is the number
of recruits and Nt is the number of juveniles present at the
end of the measurement interval t. This formula provides
recruitment rate estimates that are equivalent in form to
mortality rate estimates (Burslem et al. 2000).

The mean annual mortality rates, m, were calculated
using to the following equation (Shelil et al. 1995, Burslem
etal. 2000): m=1—(1—(Ny—N,)/Ny)*; whereN,and N, are
the number of juveniles at the beginning and end of thetime
interval (t=1year). Thismeasure of mortality isderived from
an exponential model of population decline and assumes a
constant probability of mortality during interval t.

The annual differences in juvenile recruitment and
growth below and beyond the parental crown were analyzed
using two-way ANOVA, with year and location (below and
beyond the central reproductivetree crown) asfixed effects.
The differences in growth, mortality rate and distance from
the E. glaziovii parental tree among juveniles of different
sizeswere assessed by two-way ANOVA, with fixed effects
for year and juvenile size classes (small, medium and large).
one-way ANOVA was used to compare the seedling growth
under different levels of shade. To improve homocedasticity
and normality of the distributions, the data for recruitment
and the mortality and growth rates were log transformed
(Zar 1996). Systat (Wilkinson 1997) was used to data
analyses.

Results

Characteristics of parental treesand juveniles— Parental
tree height ranged from 18 to 24 m, while the crown
radiusranged from 1.0to 15.3 mwith an areaof 61.8to
373.2m?, thelatter corresponding to 2.2 - 13.2% of the
total plot area. The height of E. glaziovii individuals
with and without cotyledonsranged from 1.8t0 11.4 cm
and 11.5 to 480 cm, respectively. The cotyledons took
from 1 to 60 days to fall, according to laboratory
observations. The total number of juveniles below the
central reproductive tree crown ranged from 10 to 113,
while it varied from 1 to 80 beyond it. The distance
between the juveniles and the parental treevaried from
0.1to28 m. Additionally seedsof E. glaziovii germinated
throughout the year (data not shown).

Recruitment, growth and mortality — The yearly
recruitment of new juvenileswaslow (figure 1A), with
no annual (F,.s = 0.58; p = 0.57) differences in the
recruitment rates of juvenile below and beyond the
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parental crown (F, ;5 = 0.40; p = 0.53). However, there
were differences in juvenile mortality (F, ;s = 6.2
p = 0.02) and growth (F, 5 = 3.89; p = 0.049) between
locations but not among years (F, .5 = 2.5; p = 0.11 for
juvenilemortality and F, ;= 0.78; p = 0.46 for growth).
Although the annual juvenile mortality was very low
(figure 1B), there was a higher probability of juvenile
mortality below than beyond the central reproductive
tree crown. In contrast, there was more height increment
on juvenile beyond the central reproductive tree crown
than below it (figure 1C).
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Juvenilesize classes— Therewere significant differences
in mortality and growth rateswithin juvenile size classes
(F,2; = 6.0; p = 0.007 and F,5,, = 28.75; p = 0.001,
respectively) but no differencesamong years(F,, = 0.3;
p=0.69 and F, 5,4 = 1.03; p=0.36, respectively). Larger
juveniles (> 50 cm) had a significantly lower mortality
rate (figure 1D) and agreater increasein height (figure 1E)
than small (< 15 cm) and medium (between 15 and
50 cm) juveniles.

There were aso differences in the distance from
the parental tree among the juvenile size classes
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Figure 1. Recruitment rate (mean = SD) (A), mortality rate (mean = SD) (B), and growth (height increment) (mean = SD) (C) of
E. glaziovii offspring under (dotted bars) and out of (hatched bars) the central reproductive tree crown of E. glaziovii treesin
Atlantic forest sites, among years (date were back transformed). Additionally mortality rate (D), height increment (cm) (E) of
E. glaziovii offspring (mean + SD) and in each sizeclass: small (< 15 cmtall) (O0), medium (15to 50 cmtall) () and large (> 50 cm
tall) individual s (), and the distance (F) of each size classfrom E. glaziovii parental treein Atlantic forest sitesamong years
(date were back transformed). Large individual s presented significant lower mortality rate and greater height increment than
the other two size classes. The three distance classes were significantly different from each other.
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(F, 816 = 53.4; p = 0.001), but not among years
(Fse10 = 0.36; p = 0.78). Larger juveniles (> 50 cm)
occurred at significantly greater distances from the
parental trees, followed by medium (15-50 cm) and small
(<15cm) individuals (figure 1F).

Shade levels— After 65 days, no E. glaziovii seedlings
in the greenhouse had cotyledons. Enterolobium
glaziovii survived and grew under all shade treatments,
but there were differences in growth. The seedlingsin
90% and 80% of shade were significantly taller thanin
the other treatments (F, ¢ = 11.4; p = 0.001), although
there was no significant difference in stem diameter
growth among treatment (F, g = 0.37; p = 0.83). There
were differences in stem robustness among the
treatments (F, g = 10.0; p = 0.004), except for seedlings
in 90% and 0% treatments. Thus, seedlingsin 90% shade
were not etiolated, although they showed the greatest
growthin height, and thetotal dry massof those seedlings
was not different from that of the other shade treatments.
Seedlingsinall treatments produced similar total biomass
(F4g5=1.47, p=0.21). Theallocation of biomassto the
roots (RRM) (F, g = 9.0; p = 0.001) and leaves (RLM)
(F4gs = 4.9; p = 0.001) differed among the treatments
(table 1). The seedlings under 0% shade had a greater
relative root mass (RRM), whereas seedlings under 90%
shade had greater relative leaf mass (RLM) than those
in the other treatments (table 1).

Discussion

Table 1. Means height (cm), collar diameter (cm), total dry
mass (g) (TDM), root massratio (g) (RMR), leaf massratio
(9) (LMR) and stem robustness (g g%) (SR) of E. glaziovii
in each shade treatment. In each row, different letters regard
statistical difference of 5% of significance on the one-way
ANOVA.

90% 80% 60% 40% 0%
Height 41° 3.9° 262 262 252
Diameter 0.102 0.122 0.102 0112 0.09 @
TDM 0532 0.612 0582 0542 04432
RRM 0.402a 0.382 0422 047 ® 051°
RLM 0.46° 0.49° 0462 042% 0.38=2
SR 0.009 @ 0.009* 0.010° 0.011°> 0.008 2

Rain forest tree species are often classified into
two functional groups based on their germination and
establishment requirements (Swaine & Whitmore 1988).
Shade-tol erant species can germinate, grow and survive

in environments of low light intensity, whereas light
demanding speciesneed an environment with ahigh light
intensity in order to establish (Poorter 1999). Shade-
tolerant species constitute the vast majority of tropical
forest tree species (Welden et al. 1991). In arain forest
in Panama, for example, saplings of 79% of the species
were shade-tolerant (Welden et al. 1991). Enterolobium
glaziovii presentsthe characteristics of ashade-tolerant,
“non-gap” species, sinceitiscapableof germinating (F.N.
Ramos & A.C.S. Andrade, unpublished data) and
growing in environments with alow light intensity. In
contrast to many leguminous specieswith dormant seeds
(Vazquez-Yanes & Orozco-Segovia1984), E. glaziovii
germination is not dependent on environmental
conditions, such as alternating temperature associated
with canopy disturbance.

Seedlings of E. glaziovii under greenhouse
conditions grew under a broad range of shade levels.
However, they presented traits of shade-tolerant species,
such as higher growth under 90% and 80% shade, but
without etiolation. According to Crawford (1989), shade
plants can maintain a constant growth under light
intensities that range from full sun to moderate shade.
Consequently, shade tolerance in these species is not
related to growth but to persistence (Paccalaet al. 1996),
and these species do not maximizetheir potential growth
rate, but rather their realized biomass growth under field
conditions (Kitajima 1996 apud Poorter 1999).

Thedifferential biomassallocation of sunvs. shade
seedlingsisexpected in plantsgrowing in different light
environments (Agyeman et al. 1999). Plants grown under
shadetend to enhancetheir light interception by directing
a higher biomass allocation to their leaves (Crawford
1989). According to our results, E. glaziovii juveniles
do not need large or medium size gaps, but can grow
and surviveinlight environmentscreated by fall of debris
or trees. Thus, these plants invest more in root mass
and could compensate for higher transpiration losses by
increasing their water uptake (Veenendaal et al. 1996).

Although E. glaziovii seedlings survived under 0%
shade (full sun) in the greenhouse experiment, no
individualswere found under similar conditions at any
of the forest sites around the parental trees. This may
indicate that other environmental variables are also
important factors in influencing juvenile growth. Root
competition, for example, could alsoinfluencethe growth
and survival of tree seedlings (Denslow et al. 1991).
According to Swaine et al. (1997), the response of
juvenilestoirradiancein agreenhouse may be modified
by mycorrhizal infection and by the successwith which
plant roots explore the soil resources and harvest
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nutrientsin the presence of competing species at forest
sites.

In this study, E. glaziovii followed a well-
documented general pattern of size-dependent
survivorship in tree populations (Gilbert et al. 2001),
with small individual sexperiencing the greatest mortality
and the lowest growth. Thisearly phaseisapparently a
critical periodfor E. glaziovii since, if small individuals
surpass this threshold, their chances of survival will
increase. Large juveniles of E. glaziovii were more
widely dispersed from conspecific parental trees than
were medium and small ones. Thissuggeststhat distance-
dependent mortality of juvenilesis an important factor
leading to significant spacing shifts, with the growth of
small individualsof E. glaziovii into large ones. Widely
dispersed juveniles may escape high mortality due to
pathogens, herbivores (Clark & Clark 1985) or seed
predators concentrated around adult conspecifics,
although further study is needed to identify specific
agents.

Recruitment of E. glaziovii was not different
below and beyond the parental tree crown. Condit et
al. (1992) analyzed the sapling recruitment of about 80
species of trees and shrubs and showed that only the
two or three most common species had a decreased
recruitment near conspecific adults, most of the tree
species studied presented no clear pattern of recruitment
in the vicinity of large conspecifics. In contrast to
recruitment, the survival and growth of E. glaziovii
juvenileswerelower bel ow than beyond of parental tree
crown. Evidence of escape from mortality agents
associated with adults has been documented in several
studies (Wada & Ribbens 1997, Gilbert et al. 2001).
Long-term demographic studies on Barro Colorado
Island have shown that the growth and survival of
juveniles commonly are negatively affected when the
juveniles grow below a conspecific adult (Hubbell &
Foster 1990). These authors also showed that the
decrease in the survival and growth rate of juveniles of
raretree species below conspecific adults versus bel ow
heterospecific large trees were greater for rare species
than for common ones (1.6 and 1.3 fold, respectively).
Although we do not know whether pests or pathogens
wereimportant in thejuvenile mortality for E. glaziovii
during our study, these factorsareimportant for several
speciesin tropical forests (Gilbert et al. 1994).

Despite the low quantity of parental trees, we can
conclude that the spatial pattern of recruitment of
E. glaziovi isrelated tofruit and/or seed dispersal because
its seeds do not require specific conditionsto germinate,
such aslight or alternating temperature (F.N. Ramos &

A.C.S. Andrade, unpublished data). Although therewas
no difference between the recruitment below and beyond
the parental tree crown, there were more fruits and
juveniles below adult tree crowns. Seedlings of this
species were able to survive and grow under a broad
range of shadelevels, but the probability of survival and
growth was lower below than beyond the parental tree
crown. Theannual consistency of the distance dependent
pattern of juveniledistribution may explainthevery sparse
occurence of E. glaziovii adultsin natural forest.
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