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Abstract

Background: The Amazon basin contains mainly unflooded forests, and they are among the most important ecosystems
in the world. Field experiments on seed processes are very important in order to understand the structure, function and
dynamics of these forests.

Methods: Tree seeds of three species (Cecropia latiloba, Guarea macrophylla, Socratea exorrhiza) were set out in Amazon
unlogged terra firme forest, in Amazon selectively-logged terra firme forest, in Amazon palm forest, and in Amazon white
sand forest either on top of or beneath the litter layer, and after two weeks scored for seeds taken by predators, seeds
destroyed by pathogens and seeds that germinated.

Results: I found both terra firme forests (unlogged and selectively-logged) lost most of their seed to predators and the least
of their seed to pathogens, white sand forests lost the least of their seed to predators and the most of their seed to pathogens,
and the fewest seeds germinated in both terra firme forests and in palm forest. More specifically (1) within unlogged terra
firme forest addition of litter reduced seed predation but increased seed losses to pathogens and germination, and C.
latiloba lost the most seeds to pathogens, (2) within selectively-logged terra firme forest seeds showed the same trends as
unlogged terra firme forest but without significant effects, (3) within palm forest addition of litter reduced predation but
increased losses to pathogens, and S. exorrhiza lost the least seeds to pathogens, and (4) within white sand forests addition
of litter increased germination. Combining the results from all forests together, predators took most of the seeds, pathogens
took most of the seeds that escaped predation, and most of the seeds that survived predation and pathogens germinated.

Conclusions: While such large losses of tree seed to predators and pathogens in these unflooded forests suggest limited
recruitment, the variation demonstrated in these field experiments - among forest-types, among tree species, between
litter situations on the forest floor - help to insure that recruitment does occur and that these unflooded forests continue
to dominate the Amazon basin.
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Introduction

The Amazon basin contains some of the most important
ecosystems in the world, significantly influencing the
water, oxygen, carbon and other biogeochemical cycles
for the entire planet. In order to understand the structure,
function and dynamics of these key ecosystems, we

need to know what controls the recruitment of their
trees (Grubb 1977). In particular the post-dispersal
(Myster 2017a) seed processes of seed predation, seed
pathogens, and seed germination (Myster 2003, Myster
2015), play a critical role in determining the plant-plant
replacements (Myster 2018) of the unflooded forests in
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the Amazon basin. Research in the Amazon has shown
seed predation determines the fate of the majority of
seeds (Bodmer 1991, Notman et al. 1996, Russo 2005,
Paine & Beck 2007) but even after suffering such large
losses of seed, tree seedlings, tree saplings and mature
trees do occur and regenerate these Amazon forests. This
must be due to critical sources of variation (SOV) in how
these mechanisms (seed predation, seed pathogens)
and environmental tolerances (seed germination)
work. While many of these SOV have been investigated
in Amazon forests - for example variation among
species, variation among microsites created by tree fall
and conversion to agriculture, variation in the amount
of litter, variation among different seasons, variation
among different years and variation at different spatial
scales (Bodmer 1991, Notman et al. 1996, Notman &
Gorchov 2001, Russo 2005, Vieira & Scariot 2006, Paine
and Beck 2007, Myster 2012, Myster 2014, Myster 2015,
Myster 2017b) - we need more information in how seed
mechanisms and tolerances work.

Most of the Amazon rainforest does not flood (Kalliola
et al. 1991, Pitman et al. 2001) and terra firme forest
(found on fertile clay or loam soils; Daly & Prance 1989)
is the most common unflooded Amazon forest-type.
Other common unflooded forest-types include palm
forests, found on moderately fertile soils that can be
waterlogged, and white sand forests, found on infertile
soils with large amounts of quartz (Tuomisto et al. 2003,
Honorio 2006). In addition to these soil differences -
or perhaps because of them - these forests also vary
in richness and physical structure (Stropp et al. 2011)
where terra firme forest has the most number of species
and the most complex structure, white sand forest has
the least number of species and relatively simplest
structure, and palm forest is between those two forest-
types in species richness and structure (Myster 2009).
Among these unflooded forests, terra firme forest is
most often logged either by clear-cutting, where all
trees are cut and removed above a certain minimum
size (e.g. 5 cm diameter at breast height [dbh]; Gorchov
et al. 1993, Notman et al. 1996, Gorchov et al. 2004), or
by selective-logging, where only trees of a select species
(e.g. mahogany [Swietenia macrophylla]; Lambert et al.
2005, Grogan & Galvao 2006) above a critical size (e.g.
50 cm dbh; Lambert et al. 2005) are cut and removed.
While clear-cutting obviously changes terra firme
forest dramatically, selective-logging can also change
terra firme by, for example, creating gaps in the canopy,
increasing road construction, and decreasing animal
food resources and habitat which reduce pollination and
seed dispersal (Jansen & Zuidema 2001).

Therefore because of the importance of these forests,
and the need for more investigation into critical SOV of
their seed mechanisms and seed tolerances, I continue
my past research into recruitment of Amazon unflooded
forests (Myster 2012, Myster 2014, Myster 2017b) by
conducting new field experiments on how selective-
logging, different tree seed species, and addition of litter
interact to affect seed predation, seed pathogens, and
germination in Amazon unlogged terra firme forest, in
Amazon selectively-logged terra firme forest, in Amazon
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palm forest, and in Amazon white sand forest with litter
interactions. I test these five hypotheses:

(1) Seed predators will take the majority of tree
seeds put out in these Amazonian forests with
terra firme forests (both selectively-logged and
unlogged) having the greatest losses, white sand
forests having the least, and palm forests between
the two in losses (Bodmer 1991, Notman et al.
1996, Russo 2005, Paine & Beck 2007, Myster
2009, Myster 2014, Myster 2017b).

(2) Seed pathogens will take the majority of tree
seeds that predators do not take with palm
forests having the greatest losses, white sand
forests having the least, and terra firme forests
(both selectively-logged and unlogged) between
the two in losses (Myster 2017b).

(3) Most seeds that survive predators and pathogens
will germinate, in all forests-types (Notman et al.
1996, Myster & Everham 1999, Myster 2014).

(4) Addinglitter on top of seeds will reduce predation
but increase pathogenic effects and germination,
again in all forest-types (Fenner 1985, Cintra
1997).

(5) Larger, heavier tree seeds will be taken by
predators more than smaller, lighter tree seeds
but there will be no seed-size trends for pathogens
or germination (Pringle et al. 2007).

Materials and Methods

The study site was the Allpahuayo-Mishana National
Reserve (AMNR) located 23 km from Iquitos, Peru
in the Loreto Region of Maynas Province (3.9° S,
73.6° W; Hice et al. 2004; Saaksjarvi et al. 2004). AMNR
was established in 1999, and is managed by Servicio
Nacional de Areas Naturales Protegidas por el Estado
(http://www.sernanp.gob.pe/allpahuayo-mishana) and
the Instituto de Investigacién de la Amazonia Peruana
(http://www.iiap.org.pe) with no hunting allowed. The
Reserve covers 57,667 ha and lies between 110 and
180 m above sea level. The substrate is composed
of alluvial and fluvial Holocene sediments from the
eastern slopes of the Andes. Annual precipitation is
approximately 2800 mm per year, and the rainy season is
between October and May (Johnson 1976). The average
temperature is relatively steady at 26 °C. Terra firme
forest, palm forest and white sand forest are common
within the Reserve, and terra firme forest has also been
selectively-logged there.

In May and early June 2017, 20 forest stands
intermingled within AMNR were chosen - on the advice
of my field assistant - consisting of: (1) five terra firme
forest stands; (2) five palm forest stands; (3) five white
sand forest stands; and (4) five terra firme forest stands
that had been selectively-logged in 2010 by cutting and
removing trees of Brosimum rubescens (locally called
“palo de sangre”; Shirota et al. 1997) that were at least
60 cm in diameter (Jorge Chavez, pers. comm.). In each
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of the 20 forest stands a 100 m transect was set up
with study microsites marked off every 20 m, creating
five microsites per stand and 100 microsites total. The
bottoms of six plastic Petri dishes (9 ¢cm in diameter;
Hulme 1994) were randomly placed in each microsite,
three of those six dishes on top of the natural litter layer
and three of those six dishes beneath the natural litter
layer but on top of the soil. These litter treatments realise
observed field conditions: (1) when a seed disperses
on top of the litter layer and stays there; and (2) when
a seed disperses on top of the litter layer but then falls
down through the litter layer due to gravity over time
which is more likely the heavier the seed. Bare areas
without litter were very rarely observed in these forests,
and so were not included in the treatments.

In each group of three dishes (three on top, and three
beneath, the litter layer) 100 seeds in a 1-g seed pulp
mass of Cecropia latiloba (Urticaceae: 0.002 g per seed;
http://data.kew.org/sid, also see Myster 2015), five
seeds of Guarea macrophylla (Meliacea: 0.6 g per seed;
http://data.kew.org/sid) and five seeds of Socratea

exorrhiza (Arecaceae: 3.4 g per seed; http://data.kew.
org/sid) were placed in a separate dish which was

randomly chosen. These three study tree species are
frequent and abundant in terra firme, palm and white
sand forests (Myster 2009; Myster 2017c). Five plastic
seed mimics - made of the same size, shape and color
of the real seeds or seed pulp mass - were also placed
in each dish with holes in the bottom of the dishes to
permit drainage in order to better understand seed
removal. The seeds or seed pulp mass were collected,
using gloves, locally from one individual tree of that
species the same day they were put out. They were then
visually inspected for damage or infestation, cleaned of
fruit by hand (except for Cecropia latiloba) again using
gloves and then floated to exclude nonviable seeds
(except for Cecropia latiloba).

After two weeks in the field the percentage of seeds,
either taken out of each Petri dish or still there but
mainly eaten, were scored as eaten by predators. This
scoring is justified because evidence of animal activity
- such as chewed seeds, seed husks, and small mammal
feces - was observed in the dishes (as in Blaney &
Kotanen 2001) and because the plastic seed mimics
were not taken (Notman et al. 1996), both strongly
suggesting that removal by abiotic agents - such as wind
or rain - could be discounted. Thus I am assuming that
seeds were removed by animals, and then either eaten or
made nonviable in some other way by the animals that
removed them (see Myster 2015). The remaining seeds
or seed pulp mass, while still in their dishes, were then
taken to an on-site shade house with sufficient light for
germination (as in nature only those seeds that survive
predation may attempt to germinate) and incubated in
pots where litter was added on top of those dishes that
were under litter in the field of the same type and density
asin the field where they were taken from (Myster 1994).
Pots were watered daily in amounts similar to natural
rainfall and after five weeks seeds were examined under
a dissecting microscope and scored as germinated,
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scored as destroyed by pathogens (where the seed did
not germinate and had extensive fungal damage; Myster
2014; Myster 2017b), or other.

A single three-way analysis of variance (ANOVA)
for seed loss due to predation, another one for seed
loss due to pathogens and another one for seeds that
germinated, with main effects of: (1) forest-type; (2)
seed species; and (3) top/bottom of the litter layer, was
not appropriate with this experimental design because
treatments were not independently available and thus
could not be randomly assigned in the field, i.e. forest-
types occur only in large stands, not in the small patches
that would be necessary for a complete randomised
experimental design. And so three separate one-way
ANOVAs were first performed with forest-type (terra
firme, selectively-logged terra firme, palm, white sand)
as the only main effect where data were pooled across
tree seed species and litter treatment within each forest-
type. One of these ANOVAs used percent seed losses to
predation as the response variable, one of these ANOVAs
used percent seed losses to pathogens as the response
variable, and one of these ANOVAs used percent seeds
that germinated as the response variable. Furthermore
because seeds may not have survived predation and/
or pathogens in some of the Petri dishes, which would
have resulted in empty dishes and thus an unbalanced
design in the field, ANOVAs were performed within the
more robust general linear model (GLM with a binomial
errors model:SAS 1985). Transformation of the data by
arcsine is not needed to address normality when using
GLM (Wilson et al. 2013).

Then a two-way ANOVA was performed for each
forest-type with a main effect of litter (dish placed on
top of the litter layer, dish placed on the soil underneath
the litter layer with the litter layer then replaced on
top of the dish), a main effect of tree species (Cecropia
latiloba, Guarea macrophylla, Socratea exorrhiza) and
an interaction effect of litter x species. This ANOVA was
performed three times - once for seeds lost to predators,
once for seeds lost to pathogens, and once for seeds that
germinated - for each of the four forest-types for a total
of 12 two-way ANOVAs. For all ANOVAs if significance
was found, means tests were conducted with the Tukey
procedure (SAS 1985) to find which levels within
treatments were most important in determining
significance (bolded in the results).

Results

Forest-types differed significantly for seed losses to
predation (Table 1: df = 3, F = 5.4, p = 0.03) and white
sand forests were lower than the other forest-types
(46.1£2.3% [meantstandard error] of seeds taken,
90.2+3.5% for unlogged terra firme, 73.321.9% for
selectively logged terra firme, 81.8+4.4% for palm).
Forest-types differed significantly for seed losses to
pathogens (Table 2: df=3,F=9.9,p=0.005) and unlogged
terra firme forests (4.1+1.1%) and white sand forests
(43.1£5.2%) were most different from the other forest-
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TABLE 1: The percentage (mean * standard error) of the total seeds taken by seed predation among forest-types,
among tree seed species, and in the no litter/litter treatment.

Species Terra firme

Logged terra firme Palm

White sand

Cecropia sp. 94.1+1.5/60.3+2.6
96.2+1.2/95.5£1.7

99.3+3.4/98.6+2.2

Guarea macrophylla

Socratea exorrhiza

90.2+1.6/51.2£2.2
89.6+1.8/45.3+1.2
85.3+3.3/80.5%1.3

91.7+1.5/55.4+2.3
93.1+2.4/65.8+2.2
95.4+1.2/88.7+2.8

55.5+2.3/47.3¥1.7
51.6+2.2/43.5+2.2
40.5+2.3/39.2£1.5

TABLE 2: The percentage (mean * standard error) of the total seeds taken by seed pathogens among forest-types,
among tree seed species, and in the no litter/litter treatment.

Species Terra firme

Logged terra firme Palm

White sand

Cecropia sp. 6.2+1.4/33.5+1.2
4.4+3.3/5.2+1.4

1.1+2.7/1.4%1.9

Guarea macrophylla

Socratea exorrhiza

8.4+2.2/40.1+1.3
5.542.4/42.4+3.7
11.9%1.7/15.4%3.2

9.243.1/40.6+3.4
4.4+1.3/30.1+1.8
3.2+1.7/9.5+2.4

39.7+1.5/43.2+1.1
44.4+3.3/37.7+1.8
51.3+2.6/45.2+1.8

types (logged 20.6+2.2%, palm 16.9+1.8%). Forest-
types differed significantly for seeds that germinated
(Table 3: df = 3, F = 7.1, p = 0.01) and unlogged terra
firme (1.2£0.2%) and palm (2.5+0.8%) were lower than
selectively logged terra firme (5.2+1.1%) and white sand
(7.7+1.7%).

In unlogged terra firme forests seed predation was
significantly different (df = 1, F = 2.5, p = 0.05) between
litter treatments (96.1£7.2% no litter vs. 84.4+3.8%
litter), seed pathogenic attack was significantly
different (df = 2, F = 3.5, p = 0.02) among tree species
where Cecropia latiloba (19.2+1.2%) was higher than
Guarea macrophylla (4.4+0.9%) or Socratea exorrhiza
(1.5+£0.3%) and significantly different (df = 1, F = 4.2,
p = 0.01) between litter treatments (4.1+x1.1% no
litter vs. 13.4+2.1% litter), and seed germination was
significantly different (df = 1, F = 2.6, p = 0.05) between
litter treatments (0.6+0.1% no litter vs. 3.7+1.1% litter).
Selectively-logged terra firme forests showed the same
results as unlogged terra firme forests.

In palm forests seed predation was significantly
different (df = 1, F = 2.6, p = 0.05) between litter
treatments (93.1£5.9% no litter vs. 69.3+6.2% litter),
seed pathogenic attack was significantly different (df =
2, F =3.3, p = 0.02) among tree species where Socratea
exorrhiza (6.7+3.3%) was lower than Cecropia latiloba
(25.4%3.8%) and Guarea macrophylla (16.2+2.3%), and
significantly different (df = 1, F = 4.8, p = 0.01) between
litter treatments (5.4+1.7% no litter vs. 27.7+3.7%
litter). In white sand forests seed germination was
significantly different (df = 1, F = 2.5, p = 0.05) between
litter treatments (4.9+1.2% no litter vs. 8.4+2.1% litter).

Discussion
Among the four forest-types: both unlogged and
selectively-logged terra firme forests lost the most
seed to predators but lost the least seed to pathogens,
white sand forests lost the least seed to predators but
lost the most seed to pathogens, and the fewest seeds
germinated in both terra firme forests and in palm forest.
Within the two terra firme forests, litter reduced seed
predation but increased both seed losses to pathogens
and germination, and the smallest-seeded Cecropia
latiloba lost the most seeds to pathogens. Within palm
forests addition of litter again reduced predation but
increased losses to pathogens, and Socratea exorrhiza
lost the least seeds to pathogens. Within white sand
forests litter increased germination. Selectively-logged
terra firme forests followed the same trends as unlogged
terra firme forests but without any significant effects.
Hypothesis one was supported by the results (most
tree seeds were also taken by predators in a Singapore
tropical forest; Wong et al. 1998) and selectively-logged
forests had less predation than palm forests. Seed
predation was greatest in unlogged terra firme forest
and least in white sand forest, in medium intensity palm
forest and in selectively-logged terra firme (close to
100% loss in Africa selectively-logged terra firme forest;
Hall 2008). The terra firme results could be due to more
predator species and abundance in those forests and/
or to a more specific search image for those predators
(Gripenberg et al. 2019). Because most seeds were lost to
predation (Myster 2014) the variation in how it operates
- here for example among species, and on top of/under
the litter layer — may be very important in determining

TABLE 3: The percentage (mean + standard error) of the total seeds germinated among forest- types, among tree

seed species, and in the no litter/litter treatment.

Species Terra firme

Logged terra firme Palm

White sand

Cecropia sp. 0.3£3.6/7.1+2.2
0.1+2.6/0.4+2.2

0.5+1.3/1.2+1.6

Guarea macrophylla

Socratea exorrhiza

2.2+¥1.4/6.52.1
5.1+¥2.4/10.3x1.7
4,5+2.2/3.8+3.4

0.4+1.5/3.1x2.9
3.1£2.2/2.4%1.5
1.1+2.4/2.742.5

3.4%3.1/10.9+2.4
3.3¥2.4/15.2+2.2
5.1+#1.4/8.8+1.3
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recruitment in these unflooded Amazon forests. Indeed
because predation on top of the litter layer is mainly
by vertebrates and predation below the litter layer is
mainly by invertebrates (Grogan & Galvao 2006), with
time as seeds (especially dense, heavy seeds) fall down
the litter layer due to gravity, predation may shift from
being due primarily to vertebrates to being primarily
due to invertebrates. Predation may also be due to
invertebrates more than vertebrates for seeds of short
dispersal (Notman & Villegas 2005). Finally, low levels
of seed predation in white sand forests may be related to
its low animal richness and abundance (Myster 2009).

Hypothesis two was also supported by the results,
with the caveat that it operated only on the seeds that
survived predation. Most seeds germinated if they could
escape predators and pathogens supporting Hypothesis
three (common in tropical forests world-wide; Vazquez-
Yanes & Oroza-Segovia 1983) and had complex
interactions with forest-type, litter addition and tree
seed species. Hypothesis four was supported mainly for
the two terra firme forests and palm forest. Litter effects
dominated seed losses to pathogens. Litter addition
increased losses to pathogens in unlogged terra firme,
in selectively-logged terra firme, and in palm forest. The
species of these pathogens (which may have included
the fungal pathogens Colletotrichum sp., Pythium sp.
and Fusarium sp. found on tree seeds on landslides in
Puerto Rico; see Myster 1997) may have been influenced
by the species of neighboring trees (Grogan & Galvao
2006). There were several interactive effects with tree
seed species, that both supported and did not support
Hypothesis five, as was seen in an Africa unflooded
tropical forest (Hart 1995; Norghaner & Newbery
2011). Outside of these hypotheses, results could also
have been influenced by factors such as the ecological
characteristics of the seed species used which are often
associated with successional status, the biology and
available of predators and pathogens, and the quality of
seeds as it relates to fruiting phenology.

Results generally agree with other Amazon unlogged
terra firme studies that found up to 90% of large seeds
were lost to predators (60% after 16 days; Russo 2005),
mainly to mammals (Paine & Beck 2007) with at most
12% scatter-hoarded but even those were eaten later.
Further interactions were found in another unlogged
Amazon terra firme forest where (1) seed predation rates
were higher when monkey dung was present (Andresen
2002) and (2) invertebrate seed predation showed
distance effects more than vertebrate seed predation
(Terborgh et al. 1993). In Amazon unlogged terra
firme studies using palm seeds and seedlings (1) seeds
and seedlings of Astrocaryum murumera and Dipteryx
micrantha survived better in gaps than in the understory
(Cintra & Horna 1997), (2) white-lipped peccaries
decreased the density of Astrocaryum murumera
seedlings (Silman et al. 2003), (3) Attalea maripa seed
survivorship was unrelated to distance from individual
fruiting palms (Salm 2006), (4) the removal of the
exocarp and the mesocarp by large mammals increased
Attalea maripa seed predation by beetles (Silvins and
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Fragoso 2002), and (5) litter increased seed and seedling
survivorship for Astrocaryum murumera but only seed
survivorship for Dipteryx micrantha (Cintra 1997).
Other Amazon unlogged terra firme studies showed
that (1) larger seeds were taken by pathogens more
than smaller seeds, germination was approximately
43% and pathogen loss was up to 75% depending on
species (Pringle et al. 2007), (2) secondary dispersal
was low (Culot et al. 2009), (3) post-dispersal palm seed
predation was reduced under litter, but increased under
thicker litter (Cintra 1997), and (4) after bat defecation
seeds were eaten 8% per week with possible satiation
(Romo et al. 2004).

In another study where terra firme forests were
selectively-logged for Mahogany (Sweitenia macrophylla)
(1) 40% of seeds were taken by predators and pathogens,
and more seeds germinated (36%) compared to an area
where Mahogany was not logged (Grogan & Galvao
2006) and (2) intensity of logging did not correlate with
seed predation rates (Lambert et al. 2005). In a clear-
cut terra firme forest close to Iquitos (all trees 5 cm dbh
or greater were cut) (1) dispersal from the surrounding
forest was rare, and regeneration came mainly from the
seed bank and stumps with multiple sprouts (Gorchov
et al. 2004) except for Cecropia sp. and Alchornea
triplinervia (Gorchov et al. 1993), and (2) predation
levels were the same as the primary forest 2-3 years
after felling (Notman et al. 1996) with most predation
occurring at the edge of forest and clear-cut and most
seeds germinated (Notman et al. 1996).

In an Amazon study comparing both unflooded and
flooded forest-types (Myster 2017b) (1) unlogged
terra firme/white sand, and varzea (flooded by white-
water)/igap6 (flooded by black-water for one month
per year) were significantly different for seed predation,
seed pathogens and germination, (2) in unlogged terra
firme forest seed predators took most seeds regardless
of species, (3) in palm forest species were different
regardless of seed process, (4) in white sand forest seed
predators took most seeds regardless of species, and
(5) in varzea forest seed predators took most seeds but
with some species differences. Looking at these forest-
types together, seed predation losses decreased as the
forest became more stressed - perhaps by loss of soil
fertility and/or by flooding with nutrient-poor water
- while seed pathogens become more important with
waterlogged soils and flooding. And seed loss variation
among species was always a secondary factor for all
effects. The higher plant species richness and complexity
of unlogged terra firme (Valencia et al. 2004), and thus
more seed predators, may explain the increase in seed
predation. Likewise in species-rich varzea forest, there
was more seed predation than in species-poor igapé
forest at the same inundation time period. Within igap6
forests more flooding lead to less predation, just as the
wet palm forest had less predation than terra firme. For
pathogens, standing water in the palm forest lead to the
greatest losses, but increased flooding in igap6 forests
also lead to increasing loss of seeds to pathogens.
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Conclusions

Seed predation dominates in these unflooded forests
(Bodmer 1991; Notman et al. 1996), and those losses
decrease as forests become more stressed with loss
of soil fertility (and/or with selective-logging; Paine
& Beck 2007). Litter effects dominate seed losses to
pathogens and germination interactions with study
area, litter and species were complex. Most seeds were
lost to seed predators over all microsites. While addition
of litter reduced seed predation, it increased losses
of seed to pathogens (Fenner 1985). In addition, most
seeds germinated if they could survive predators and
pathogens (Myster 2014). With such intense predation
and losses to pathogens in these forests, seed survival
and germination is difficult. Differences in forest-type
(perhaps related to soil fertility), as well as distributions
of litter on the forest floor and variation in tree seed
species may, nevertheless, facilitate recruitment. The
complexities of forest recruitment, however, continue to
be a major challenge for modelers who wish to predict
the plant-plant replacements that cause Amazon forest
community patterns, such as biodiversity. These results
and other experiments in unlogged terra firme (Myster
2014) suggest other mechanisms or other SOV in the
workings of these seed processes may play significant
roles (Muller-Landau et al. 2008). Towards that goal, I
continue to sample and conduct experiments in a one
ha plot in igapd flooded forest in Peru for plant-plant
replacements and recruitment processes (author, unpub.
data).
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