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ABSTRACT 
Edge effects on germination, seedling establishment, and the population structure of Parkia pendula were studied in a fragment of 
northeastern Brazilian Atlantic Forest. Germination and seedling survival were observed underneath adult trees in the edge zone and in the 
forest interior; the population structure was examined in plots with a total area of 1 ha in each environment. The overall germination rate 
was very low but significantly higher in the forest interior than in the edge zone (0.52% vs. 0.21%). Furthermore, the seedlings’ survival 
time was significantly longer in the forest interior. The probability to survive the first nine months after germination was three times 
higher in the forest interior. The higher germination rate and the better seedling establishment in the forest interior seem to be the reasons 
for the significantly higher seedling density within the forest interior. However, the patterns of saplings and juvenile trees differed from 
the seedling pattern. The sapling density was similar in both environments, but the density of juvenile trees was three times higher in the 
edge zone. Seedling density is therefore an improper prediction for the pattern of later size-classes. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Parkia pendula is a typical (Andrade-Lima 1960; Ferraz et 
al. 2004) and abundant (Guedes 1998; Siqueira et al. 2001) 
species of the northeastern Atlantic Forest. Its density in 
this region is much higher than in the Amazonian forests 
(Peres 2000; M.J.G. Hopkins pers. comm.). 

The results published so far about the germination abil-
ity and survival rates of P. pendula differ widely. Ac-
cording to Rizzini (1977), seeds of P. pendula “refuse to 
germinate under any experimental set of conditions” inclu-
ding e.g., mechanical scarification. Similar observations 
were made by Teppner (pers. comm.). On the other hand, 
Alencar and Magalhães (1979) obtained a germination rate 
of 58.5% using untreated seeds and Barbosa and collabora-
tors (1984) got germination rates of ca. 70% using different 
pre-germination treatments including mechanical and 
chemical scarification. Scarano and Crawford (1992) even 
obtained a germination rate of 80%. All these studies used a 
similar high number of repetitions and time spans for their 
experiments. Beside these laboratory tests, germination of P. 
pendula seeds was also analyzed in comparable field stud-
ies. Camargo and collaborators (2002) directly sowed the 
seeds after mechanical scarification at undisturbed forest, 
secondary vegetation, pasture, and bare soil sites. Germina-
tion rate was highest at the bare soil transects (ca. 70%), but 
low at the other three sites (ca. 15%, 5%, 0%, respectively). 
Germination experiments by Schulze (2003) in logging 
gaps and neighboring forests revealed an “overall extremely 
low germination rate for P. pendula” of 4.6%. Furthermore, 
he found no significant difference in germination rates be-
tween untreated and manually scarified seeds. 

In relation to growth and survival, Knowles and Par-
rotta (1995) recorded a vigorous shoot growth and survival 
rate greater than 75% during the first two years after plan-

ting seedlings of P. pendula at an open reforestation site. 
On the contrary, only ca. 25% of the P. pendula seedlings 
on bare soil sites survived the first year whereas the seed-
lings at forest and secondary forest sites died within this pe-
riod (Camargo et al. 2002). 

Forest edges are known to have an enormous influence 
on the seed production of P. pendula trees (Piechowski 
2007b) as well as on the secondary dispersal of their seeds 
by ants (Piechowski 2007b). These two processes in a 
plant’s “seed dispersal cycle” (Wang and Smith 2002) are 
crucial for the following processes of germination and re-
cruitment and therefore seedling distribution (Wang and 
Smith 2002). These edge effects on P. pendula could sus-
tain from the pre-germination level to the next levels up to 
population structure. Furthermore, beside these edge effects, 
germination and recruitment itself are known to be influ-
enced by factors that are altered by forest edges, like the 
quantity and quality of irradiance, soil moisture, litterfall, 
and pathogen damage (Sizer and Tanner 1999; Bloor and 
Grubb 2003; Pearson et al. 2003; Asbjornsen et al. 2004; 
Benítez-Malvido and Lemus-Albor 2005; López-Barrera 
and Newton 2005). 

The goal of this study was to determine possible dif-
ferences in germination, seedling establishment, and popu-
lation structure of P. pendula between locations in the for-
est interior and in the forest edge zone in an Atlantic Forest 
fragment in Northeast Brazil. 

 
MATERIALS AND METHODS 
 
Study area 
 
The study was carried out in the 306 ha sized forest fragment 
Piedade (7°49�12.66��-7°50�55.43��S, 35°0�35.92��-34°59�21.29��W), 
property of the Usina São José, municipality of Igarassu, Pernam-
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buco State, Northeast Brazil. The matrix surrounding this fragment 
consists of sugarcane fields. The climate of this region is charac-
terized by a rainy season from April to August (CPRH 2003). The 
annual precipitation is 1,520 mm but shows strong inter-annual 
and spatial variations (Schessl et al. 2008). The temperature is 
relatively constant along the year at ca. 25 °C (Schessl et al. 2008). 
An analysis of a time series of aerial photographs and satellite 
images revealed that the creation of the Piedade fragment out of 
continuous forest is relatively old since the shape and size of this 
fragment has not changed within the last 30 years. This remnant is 
believed to be much older although precise data are lacking 
(Schessl et al. 2008). An inclusion of further forest fragments in 
this study was logistically impossible. 
 
Studied species 
 
Parkia pendula (Willd.) Walp. (Fabaceae, Mimosoideae) is the 
most widely distributed Neotropical Parkia species, occurring in 
lowland terra-firme forests from Honduras in Central America 
southwards to the Atlantic Forest of the Brazilian state of Espírito 
Santo (Hopkins 1986). The adult trees are easily recognizable by 
their very distinctive flattened crown (Ribeiro et al. 1999). Its den-
sity in Northeast Brazil is much higher than in the Amazonian 
forests (Peres 2000; M.J.G. Hopkins, pers. comm.). This species is 
known to be pollinated by bats (Carvalho 1961; Hopkins 1984) 
and primarily dispersed by primates and parrots (Peres 2000). In 
the study area, eight mammalian species from five orders were ob-
served to feed on P. pendula buds, nectar, and seedpod gum 
(Piechowski 2007a, 2007b). Trees in the forest edge zone at the 
Piedade fragment produce significantly more seeds than trees in 
the forest interior (Piechowski 2007b) and secondary seed dis-
persal by ants is much higher in the forest interior (Piechowski 
2007b). 
 
Germination and seedling establishment 
 
In early February 2004, one month after seedpod opening, 32 cir-
cular plots (diameter: 6 m; area: 28.27 m²) were installed under-
neath the crowns of fruit-bearing P. pendula trees in the edge zone 
and the interior of the forest (14 and 18 trees respectively). All P. 
pendula seedlings (Fig. 1) within the plots were marked individu-
ally with colored wooden spikes. Monthly, the number of leaves 
per seedling and the total number of seedlings per plot were coun-
ted and new sprouted seedlings were marked. The last counting 
was in December 2004, right before the release of new seeds. 

All variables were calculated for a standard area of 100 m2 per 
tree and were set into relation to the number of produced seeds per 
100 m2 crown area (Piechowski 2007b) to calculate a comparable 
germination rate per tree. Therefore, the ‘germination rate’ term 
adopted here is the percentage of germinated seeds underneath the 
mother-tree per produced seeds, calculated for equal areas. This 

calculation of germination rate ignores primary as well as sec-
ondary seed dispersal and predation and is therefore somehow 
simplified. 

Since the data were not normally distributed (Shapiro-Wilk-
test of normality), the non-parametrical Mann-Whitney U test was 
used to detect differences between the two habitats using the soft-
ware-package SPSS for Windows 11.0 (SPSS Inc. 2001). The 
seedling survival time was calculated using the Kaplan-Meier sur-
vival analysis. The survival time was set to a half month for seed-
lings, which were not detected the month after their first registra-
tion, since a zero is interpreted as missing data by the software. 
Fisher’s exact test was used to analyze the leaf growth between the 
habitats. The Kaplan-Meier survival analysis and Fisher’s exact 
test were performed using SigmaStat 3.5 (Systat Software Inc. 
2006). 
 
Population structure 
 
Ten 20 m × 50 m plots were installed each in the forest edge zone 
and in the forest interior of the Piedade fragment in March 2005. 
All plots were subdivided in ten 10 m × 10 m sub-plots. The plots 
were located parallel to the forest edge. The diameter at breast 
height (dbh) of all P. pendula individuals > 2 m in height was cal-
culated after measuring the circumference at breast height fol-
lowing Condit (1998); the tree height was estimated. The root col-
lar diameter (rcd) and height of all P. pendula individuals < 2 m in 
height were measured in four randomly chosen sub-plots per plot. 
Because many seedlings and saplings were < 15 cm in height, the 
rcd was measured at soil level with a caliper. Tree position was re-
corded per sub-plot. An individual was classified as ‘seedling’ if 
the simplified prophyll was still attached; all individuals that 
already had lost their prophyll and were < 2 m in height were clas-
sified as ‘saplings’; individuals > 2 m in height and a dbh < 19.5 
cm were classified as ‘juveniles’; all larger individuals were clas-
sified as ‘adults’. The dbh threshold between juvenile and adult 
trees was chosen since it was the dbh of the smallest flowering P. 
pendula tree observed within the Piedade fragment. 
 
RESULTS 
 
Germination and seedling establishment 
 
In total, 1,465 P. pendula seedlings were monitored, 750 of 
them in the edge zone and 715 in the forest interior. The 
median number of P. pendula seedlings underneath the 
adult tree crowns in the edge zone (180.5) was significantly 
higher than in the forest interior (76.1) (Mann-Whitney U: 
70.5; p = 0.034). This higher number arose from the sig-
nificantly higher number of newly germinated seedlings in 
February (54.9 vs. 21.2; Mann-Whitney U: 63.5; p = 0.016), 
one month after pod opening. The number of new seedlings 
did not differ between environments during the remaining 
year (Fig. 2). 

This relation changes dramatically after considering the 
seed production per tree in the two environments (Piechow-

Fig. 1 P. pendula seedling. 
Illustration by J. Piechow-
ski after a photograph. 

Fig. 2 Median number of P. pendula seedlings per 100 m² in the edge 
zone and forest interior of the Piedade fragment, municipality of Iga-
rassu, NE Brazil. Gray bars: newly germinated seedlings; black bars: old 
seedlings. 
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ski 2007b). In median, 0.21% of the produced seeds germi-
nated underneath the mother trees in the forest edge zone. 
The median germination rate underneath trees in the forest 
interior was 0.52%, which was significantly higher (Mann-
Whitney U: 52.0; p = 0.004). The monthly germination 
rates showed a clear tendency towards a germination of P. 
pendula seeds during the first two months after seedpod 
opening. Furthermore, the ability of a several months last-
ing germination delay was also obvious, especially in the 
forest interior (Fig. 3). 

Beside the median number of seedlings per tree and 
their germination rate, the seedlings’ median survival time 
differed significantly between the two environments. The 
median survival time was one month in the forest interior 
and less than one month in the forest edge zone (Table 1). 
The probability to survive the first nine months after germi-
nation was three times higher in the forest interior com-
pared with the forest edge zone (13.2% and 4.3%, respec-
tively; Fig. 4). 

The higher number of germinated seedlings underneath 
the mother trees in the forest edge zone (Fig. 2) and the 
higher germination rate in the forest interior (Fig. 3) in 
combination with the higher survival probability (Fig. 4) 
led to an equal seedling density in the two environments at 
the end of the observation in December 2004 (Fig. 2). 

In the forest edge zone, 89% of the seedlings that ger-
minated in February and survived until December had more 

leaves than their prophyll. This rate was 82% in the forest 
interior, which is not significantly different (Fisher’s exact 
test: p = 1.0). 

The median number of leaves differed significantly only 
in March, when the seedlings in the forest edge zone had 
0.07 leaves additional to their prophyll and the seedlings in 
the forest interior had none (Mann-Whitney U: 63.0; p = 
0.016). Although not significantly different, there was a 
trend towards more leaves per seedling in the forest interior 
later on. In December, the median number of additional 
leaves was 0.85 in the forest interior and 0.28 in the forest 
edge zone (Mann-Whitney U: 88.5; p = 0.156). 
 
Population structure 
 
Saplings were found to dominate the size-class distribution 
of P. pendula in the forest edge zone as well as in the forest 
interior, with 335 and 407.5 individuals per ha respectively 
(Fig. 5). Three adult trees per ha were found in the forest 
edge zone, two in the forest interior (Fig. 5). The densities 
of both size-classes did not differ between the environments 
(Table 2). The densities of the remaining two size-classes 
differed significantly between the two environments (Table 
2); the seedling density was higher in the forest interior 
(27.5/ha vs. 5/ha) whereas the density of juvenile trees was 
higher in the forest edge zone (99/ha vs. 29/ha; Fig. 5). 

Besides differences in densities between the two envi-
ronments, the mean diameter and height were significantly 
different for saplings and juveniles. Saplings were higher 
and their rcd was thicker in the forest edge zone (Table 3). 
In opposition, the fewer juvenile trees in the forest interior 
(Table 2) were higher and thicker than the juvenile trees in 
the forest edge zone (Table 3). No differences were detec-

Fig. 3 Monthly and total germination rate [%] underneath P. pendula 
trees in the edge zone and forest interior of the Piedade fragment, 
municipality of Igarassu, NE Brazil. 

Fig. 4 Seedling survival rate [%] underneath P. pendula trees in the 
edge zone and forest interior of the Piedade fragment, municipality of 
Igarassu, NE Brazil. 

 
Table 1 Median survival times of P. pendula seedlings underneath the 
mother trees in the edge zone and forest interior of the Piedade fragment, 
municipality of Igarassu, NE Brazil. 
 n Median 

(month) 
25/75 percentile 
(month) 

Log-Rank 
statistic 

p 

edge 750 <1 <1/2 
interior 715  1 <1/3 

11.949 <0.001

Fig. 5 Seedlings, saplings, juvenile, and adult P. pendula individuals 
per hectare in the edge zone and forest interior of the Piedade frag-
ment, municipality of Igarassu, NE Brazil. Asterisks represent highly 
significant (p<0.001) differences. 

 
Table 2 Number of seedlings, saplings, juvenile, and adult trees of P. 
pendula per hectare, minimum and maximum per 100 m² plot, and their 
p-values in the edge zone and forest interior of the Piedade fragment, 
municipality of Igarassu, NE Brazil. 
  n/ha Min-Max/ 

100 m² plot 
U p 

edge 5.0 0 – 0.5 
interior 27.5 0 – 1.3 

seedling 

total 16.3 0 – 1.3 

3,450.0 < 0.001

edge 335 0 – 8.3 
interior 407.5 0 – 17.5 

sapling 

total 371.3 0 – 17.5 

4,900.0 0.806

edge 99.0 0 – 10.0 
interior 29.0 0 – 5.0 

juvenile 

total 64.0 0 – 10.0 

3,626.0 < 0.001

edge 3.0 0 – 1.0 
interior 2.0 0 – 1.0 

adult 

total 3.0 0 – 1.0 

4,950.0 0.651
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ted for these parameters in seedlings between the environ-
ments. The mean parameters for height and dbh were not 
calculated for the adult tree class due to their low number of 
individuals. 
 
DISCUSSION 
 
Germination and seedling establishment 
 
The calculated germination rates can only hardly be com-
pared with experimentally gained germination rates. The 
germination rates presented here were computed by the 
number of seedlings underneath the adult tree crowns di-
vided by the extrapolated number of produced seeds (Pie-
chowski 2007b) and therefore disregard primary and sec-
ondary seed dispersal, on-site predation as well as the prob-
lem of germination underneath the mother tree (Janzen 
1971). However, primary dispersal of P. pendula seeds was 
rather uncommon in the study area, since this forest frag-
ment does not host any population of larger primates and 
large parrots are rare (Piechowski, pers. obs.). Secondary 
dispersal of P. pendula seeds was very frequent (Piechowski 
2007b) but even the largest dispersing ant, Pachycondyla 
crassinoda, moved the seeds probably seldom farther than a 
few meters only (compare seed transport distances of Pachy-
condyla harpax and P. apicalis in Horvitz and Schemske 
1986). Therefore, secondary dispersed seeds were most 
likely mainly deposited still within the circular plots. On-
site predation rate was the same in both environments (Pie-
chowski 2007b) and therefore lowered the calculated germi-
nation rate equally. Furthermore, density-depending effects 
(pathogens, predators, parental and sibling competition) are 
quite unlikely because the seedling density was far below 
the seedling densities where these effects were proved (Gil-
bert et al. 2001). Therefore, the rates presented here might 
be regarded as a rough picture of a more precisely gained 
experimental germination rate. 

The overall calculated germination rate was very low, 
even lower than the germination rates in the other two stud-
ies under field conditions that had ca. 15% (Camargo et al. 
2002) and 4.6% (Schulze 2003) in forests. The higher rate 
by Camargo et al. (2002) might be related to their use of 
scarified seeds, which has an experimentally shown effect 
on germination (Barbosa et al. 1984; Scarano and Crawford 
1992) although Schulze (2003) did not find any significant 
difference between scarified and non-scarified seeds under 
field conditions. Another reason for the lower median ger-
mination rate is certainly the way of calculating this rate in 
the present study excluding all possible interactions with 
animals and pathogens. Nevertheless, all three studies show 
quite low germination rates of P. pendula in forests com-
pared with laboratory studies (Alencar and Magalhães 
1979; Barbosa et al. 1984; Scarano and Crawford 1992) as 
well as with habitats with higher irradiance, like pasture and 
bare soil (Camargo et al. 2002). This might be an indication 
of a germination threshold in light quality (r:fr) or daily 
temperature fluctuation as it was shown for some Neotropi-

cal pioneer species (Pearson et al. 2002, 2003). The signifi-
cant decrease in germination rate of P. pendula in the forest 
edge zone might be an additional cue for positive photo-
blastic seeds in this species. The leaf litterfall is signifi-
cantly higher in the forest edge zone of the studied Piedade 
fragment (11.01 ± 1.91 vs. 8.55 ± 1.46 t/ha/y; Schessl et al. 
2008) and dead leaves on the forest floor decrease the r:fr 
ratio beneath them and inhibit germination of seeds (Váz-
ques-Yanes et al. 1990; Vázquez-Yanes and Orozco-Sego-
via 1993). Similar results were obtained by Bruna (1999) 
who showed that the impact of leaf litter on seed germina-
tion of the herb Heliconia acuminata is larger near forest 
edges. This effect could also be the reason for the germina-
tion delay of P. pendula seeds, which was observed in the 
recent study as well as in prior ones (Alencar and Maga-
lhães 1979; Schulze 2003). 

Beside possible impacts of the highest litterfall values 
reported for the Atlantic Forest (Schessl et al. 2008) on ger-
mination rate and germination delay, this higher litterfall 
might also be a reason for the higher seedling mortality in 
the edge zone. Personal observations show that a single lar-
ger leaf may act as a physical barrier for the delicate seed-
lings of P. pendula, which often led to the seedlings’ death. 
High seedling mortality due to leaf litterfall was already 
confirmed experimentally on community level at La Selva 
(Clark and Clark 1989). 

Another factor known to decrease germination rates and 
increase mortality rates is soil moisture (Gilbert et al. 2001; 
McLaren and McDonald 2003; Bunker and Carson 2005). 
Soil (litter) moisture is known to be lower at open forest 
edges (Kapos et al. 1997; Didham and Lawton 1999). 
Nevertheless, soil moisture is not suspected to be a major 
cause for the observed edge effects on germination and sur-
vival of P. pendula seedlings since the observation year was 
a very wet one (nearly double the average annual rainfall; 
Schessl et al. 2008). Furthermore, germination rate of P. 
pendula seeds was highest on bare soil and ca. 25% of the 
seedlings survived the first year at this dry site, whereas 
germination was much lower in the wetter forest where 
none of the seedlings survived (Camargo et al. 2002). 
 
Population structure 
 
Several factors might be the reason for the overall very low 
seedling density in the sampled sub-plots. The first obvious 
reason is the low number of fruiting P. pendula trees in 
2004/05 in the edge zone and the lack of trees with fruits in 
the forest interior (Piechowski 2007b). All counted seed-
lings within the sub-plots are therefore most probably ‘old’ 
ones from the 2003/04 fruiting season; i.e., they were up to 
one year old. Therefore, only the small percentage of seed-
lings that survived the first months after germination were 
counted. Secondly, many individuals of this 2003/04 cohort 
may have already lost their prophyll and were therefore in-
cluded in the sapling group due to the strict group defini-
tions. If all individuals < 20 cm – the maximum height of 1 
year old P. pendula seedlings (Piechowski, pers. obs.) – 

Table 3 Mean diameter and height of saplings and juvenile P. pendula individuals in the edge zone and forest interior of the 
Piedade fragment, municipality of Igarassu, NE Brazil. 
   Mean ± SD Min – Max U p 

edge 0.6 ± 0.5 0.1 – 2.8 
interior 0.4 ± 0.5 0.1 – 4.4 

rcd [cm] 

total 0.5 ± 0.5 0.1 – 4.4 

8,480.0 0.001 

edge 37.8 ± 30.3 11 – 171 
interior 27.9 ± 20.1 3 – 140 

saplings 

height [cm] 

total 32.4 ± 25.6 3 – 171 

8,534.0 0.001 

edge 4.2 ± 2.9 1.0 – 13.9 
interior 6.4 ± 4.5 0.7 – 18.6 

dbh [cm] 

total 4.7 ± 3.5 0.7 – 18.6 

1,007.5 0.015 

edge 5.3 ± 2.6 2 – 11 
interior 7.1 ± 3.0 2 – 12 

juvenile 

height [m] 

total 5.7 ± 2.8 2 – 12 

943.5 0.005 
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were classified as seedlings, the densities were 85 and 187.5 
per ha (edge zone and interior, respectively). However, even 
with this wider definition, the seedling density was signifi-
cantly lower in the forest edge zone (Mann-Whitney U: 
3,550.0; p < 0.001). Therefore, the difference in seedling 
density was not caused by class definition. A third impor-
tant reason for the overall low number of seedlings remote 
from adult trees is the lack of primary dispersers. 

The lower seedling density in the forest edge zone sub-
plots can be explained by the processes, which were studied 
in this survey. The lower germination rate and higher seed-
ling mortality but also higher absolute number of seeds in 
the edge zone led to an equivalent seedling density under-
neath the mother trees in both environments almost one 
year after seed dispersion. The result of a higher seedling 
density in the forest interior sub-plots was recorded three 
months later than underneath the adult trees (March 2005) 
and remote from them. This density is most probably the re-
sult of the ongoing trend of a higher mortality at the edge 
and better growth conditions in the forest interior. Further-
more, the higher secondary seed dispersal rate by ants (Pie-
chowski 2007b) is surely also an important reason for the 
higher seedling density remote from adult trees in the forest 
interior. These processes apparently overcompensated for 
the lower seed production in 2003/04 and even the absence 
of seeds in the flowering season 2004/05 in the forest inte-
rior. 

The distribution patterns of the later size classes (sap-
lings, juveniles, and adults) did not follow the seedling pat-
tern of a higher density in the forest interior. The pattern 
seems to obvert instead, namely similar densities of sap-
lings and even a higher juvenile tree density in the forest 
edge zone. Survivorship of the larger size classes was there-
fore obviously positively affected by the forest edge. Never-
theless, this is somehow contradicted by the taller and 
thicker juvenile trees in the forest interior. A clear, mono-
tonically edge effect on the population structure of P. pen-
dula is therefore not detectable. But these simple effects are 
“unrealistic to expect” (Murcia 1995) since different effects 
are likely to interact with each other or processes at one 
level could obscure or neutralize edge effects at a different 
level (Murcia 1995). This is especially true if patterns of 
long-living and immobile organisms (like trees) are the 
focus of research with the immense number of possible 
processes affecting their distribution (establishment I and II 
in Wang and Smith 2002). 

The seedling density therefore is a bad prediction for 
the patterns of size classes of saplings, juveniles, and adult 
trees because the older size-classes were influenced by fur-
ther factors that were altered by the forest edge. A re-census 
after a time-span of some years might be the appropriate 
method to analyze the differences in saplings and juveniles. 
High-resolution satellite images (< 1 m × 1 m) could en-
large the observation area for the adult size class, since the 
flat but large crowns of P. pendula trees should be easily 
distinguishable. Furthermore, a re-census will reveal better 
predictions for the future population structure in the two en-
vironments than the static size class distribution (Condit et 
al. 1998). 

Summarizing it can be stated, that forest edges affected 
some stages in the life cycle of P. pendula positively (seed 
production, survivorship of later size classes) while other 
stages were negatively affected (germination rate, seedling 
survivorship). However, positive and negative edge effects 
seem to equate each other, wherefore the overall, long-term 
distribution of this tree species should not be affected by 
edge effects in the northeastern Atlantic Forest of Brazil. 
 
ACKNOWLEDGEMENTS 
 
Contribution of the project “Sustainability of remnants of the At-
lantic rainforest in Pernambuco and its implications for conserva-
tion and local development”, a Brazilian-German scientific co-
operation within the program “Science and Technology for the 
Atlantic Rainforest” funded by CNPq (590039/2006-7) and BMBF 

(01 LB 0203 A1). The Usina São José S.A./Grupo Cavalcanti 
Petribú kindly allowed access to their properties and supported 
fieldwork logistically. 
 
REFERENCES 
 
Alencar JC, Magalhães LMS (1979) Poder germinativo de sementes de doze 

espécies florestais da região de Manaus I. Acta Amazonica 9, 411-418 
Andrade-Lima D (1960) Estudos fitogeográficos de Pernambuco. Arquivos do 

Instituto de Pesquisa Agrônomicas de Pernambuco 5, 305-341 
Asbjornsen H, Vogt KA, Ashton MS (2004) Synergistic responses of oak, pine 

and shrub seedlings to edge environments and drought in a fragmented tropi-
cal highland oak forest, Oaxaca, Mexico. Forest Ecology and Management 
192, 313-334 

Barbosa AP, Vastano Jr. B, Varela VP (1984) Tratamentos pré-germinativos 
de sementes de espécies florestais Amazonicas. II. Visgueiro (Parkia pendula 
Benth. Leguminosae - Mimosoideae). Acta Amazonica 14, 280-288 

Benítez-Malvido J, Lemus-Albor A (2005) The seedling community of tropi-
cal rain forest edges and its interaction with herbivores and pathogens. Bio-
tropica 37, 301-313 

Bloor JMG, Grubb PJ (2003) Growth and mortality in high and low light: 
trends among 15 shade-tolerant tropical rain forest species. Journal of Ecol-
ogy 91, 77-85 

Bruna EM (1999) Seed germination in rainforest fragments. Nature 402, 139-
139 

Bunker DE, Carson WP (2005) Drought stress and tropical forest woody seed-
lings: effect of community structure and composition. Journal of Ecology 93, 
794-806 

Camargo JLC, Kossmann Ferraz ID, Imakawa AM (2002) Rehabilitation of 
degraded areas of Central Amazonia using direct sowing of forest tree seeds. 
Restoration Ecology 10, 636-644 

Carvalho CT (1961) Sobre os habitos alimentares de Phillostomídeos (Mam-
malia, Chiroptera). Revista de Biología Tropical 9, 53-60 

Clark DB, Clark DA (1989) The role of physical damage in the seedling mor-
tality regime of a Neotropical rain forest. Oikos 55, 225-230 

Companhia Pernambucana do Meio Ambiente (CPRH) (2003) Diagnóstico 
Socioambiental do Litoral Norte de Pernambuco, CPRH, Recife, 214 pp 

Condit R (1998) Tropical Forest Census Plots: Methods and Results from 
Barro Colorado Island, Panama and a Comparison with Other Plots, Sprin-
ger, Berlin, 211 pp 

Condit R, Sukumar R, Hubbell SP, Foster RB (1998) Predicting population 
trends from size distributions: a direct test in a tropical tree community. The 
American Naturalist 152, 495-509 

Didham RK, Lawton JH (1999) Edge structure determines the magnitude of 
changes in microclimate and vegetation structure in tropical forest fragments. 
Biotropica 31, 17-30 

Ferraz EMN, Araújo EL, Silva SI (2004) Floristic similarities between low-
land and montane areas of Atlantic coastal forest in northeastern Brazil. Plant 
Ecology 174, 59-70 

Gilbert GS, Harms KE, Hamill DN, Hubbell SP (2001) Effects of seedling 
size, El Niño drought, seedling density, and distance to nearest conspecific 
adult on 6-year survival of Ocotea whitei seedlings in Panama. Oecologia 
127, 509-516 

Guedes MLS (1998) A vegetacão fanerogâmica da Reserva Ecológica de Dois 
Irmãos. In: Machado IC, Lopes AV, Porto KC (Eds) Reserva Ecológica de 
Dois Irmãos: Estudos em um Remanescente de Mata Atlântica em Área Ur-
bana (Recife - Pernambuco - Brasil), Editora Universitária da UFPE, Recife, 
pp 157-172 

Hopkins HCF (1984) Floral biology and pollination ecology of the Neotropical 
species of Parkia. Journal of Ecology 72, 1-23 

Hopkins HCF (1986) Parkia (Leguminosae: Mimosoideae), Flora Neotropica 
43, New York Botanical Garden, New York, 124 pp 

Horvitz CC, Schemske DW (1986) Seed dispersal of a Neotropical myrmeco-
chore: variation in removal rates and dispersal distance. Biotropica 18, 319-
323 

Janzen DH (1971) Seed predation by animals. Annual Review of Ecology and 
Systematics 2, 465-492 

Kapos V, Wandelli E, Camargo JL, Ganade G (1997) Edge-related changes 
in environment and plant responses due to forest fragmentation in Central 
Amazonia. In: Laurance WF, Bierregaard Jr. RO (Eds) Tropical Forest Rem-
nants - Ecology, Management, and Conservation of Fragmented Communi-
ties, University of Chicago, Chicago, London, pp 33-44 

Knowles OH, Parrotta JA (1995) Amazonian forest restoration: an innovative 
system for native species selection based on phenological data and field per-
formance indices. Commonwealth Forestry Report 74, 230-243 

López-Barrera F, Newton A (2005) Edge type effect on germination of oak 
tree species in the highlands of Chiapas, Mexico. Forest Ecology and Man-
agement 217, 67-79 

McLaren KP, McDonald MA (2003) The effects of moisture and shade on 
seed germination and seedling survival in a tropical dry forest in Jamaica. 
Forest Ecology and Management 183, 61-75 

Murcia C (1995) Edge effects in fragmented forests: implications for conserva-
tion. Trends in Ecology and Evolution 10, 58-62 

60



Bioremediation, Biodiversity and Bioavailability 2 (Special Issue 1), 56-61 ©2008 Global Science Books 

 

Pearson TRH, Burslem DFRP, Mullins CE, Dalling JW (2002) Germination 
ecology of Neotropical pioneers: interacting effects on environmental condi-
tions and seed size. Ecology 83, 2798-2807 

Pearson TRH, Burslem DFRP, Mullins CE, Dalling JW (2003) Functional 
significance of photoblastic germination in Neotropical pioneer trees: a seed's 
eye view. Functional Ecology 17, 394-402 

Peres CA (2000) Identifying keystone plant resources in tropical forests: the 
case of gum from Parkia pods. Journal of Tropical Ecology 16, 287-317 

Piechowski D (2007a) Bat visits and changes in floral nectar during anthesis of 
Parkia pendula (Mimosaceae). Phyton (Horn) 46, 203-204 

Piechowski D (2007b) Reproductive ecology, seedling performance, and popu-
lation structure of Parkia pendula in an Atlantic Forest fragment in north-
eastern Brazil. PhD thesis, Ulm University, Ulm, 153 pp 

Ribeiro JELS, Hopkins MJG, Vicentini A, Sothers CA, Costa MAS, Brito 
JM, Souza MAD, Martins LHP, Lohmann LG, Assunção PACL, Pereira 
EC, Silva CF, Mesquita MR, Procópio LC (1999) Flora da Reserva 
Ducke: Guia de Identificação das Plantas Vasculares de uma Floresta de 
Terra-Firme na Amazônia Central, INPA-DFID, Manaus, 816 pp 

Rizzini CT (1977) Nota sobre um embrião, dormente em leguminosa esclero-
dermica. Rodriguésia 29, 33-39 

Scarano FR, Crawford RMM (1992) Ontogeny and the concept of anoxia-
tolerance: the case of the Amazonian leguminous tree Parkia pendula. Jour-
nal of Tropical Ecology 8, 349-352 

Schessl M, Silva WL, Gottsberger G (2008) Effects of fragmentation on forest 
structure and litter dynamics in Atlantic rainforest in Pernambuco, Brazil. 
Flora 203, 215-228 

Schulze MD (2003) Ecology and behavior of nine timber tree species in Pará, 
Brazil: links between species life history and forest management and conser-
vation. PhD thesis, Pennsylvania State University, 371 pp 

Siqueira DR, Rodal MJN, Lins-e-Silva ACB, Melo AL (2001) Physiognomy, 
structure, and floristics in an area of Atlantic Forest in Northeast Brazil. In: 
Gottsberger G, Liede S (Eds) Life Forms and Dynamics in Tropical Forests, J. 
Cramer in der Gebrüder Borntraeger Verlagsbuchhandlung, Berlin, Stuttgart, 
pp 11-27 

Sizer N, Tanner EVJ (1999) Responses of woody plant seedlings on edge for-
mation in a lowland tropical rainforest, Amazonia. Biological Conservation 
91, 135-142 

Vázques-Yanes C, Orozco-Segovia A, Rincón E, Sánchez-Coronado ME 
(1990) Light beneath the litter in a tropical forest: effect on seed germination. 
Ecology 71, 1952-1958 

Vázquez-Yanes C, Orozco-Segovia A (1993) Patterns of seed longevity and 
germination in the tropical rainforest. Annual Review of Ecology and Sys-
tematics 24, 69-87 

Wang BC, Smith TB (2002) Closing the seed dispersal loop. Trends in Ecology 
and Evolution 17, 379-385 

 
 

61


