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Abstract:

Background and Aims: Agriculture in the tropics is decreasing, fragmenting and altering forests and forest landscapes. We hypothesized differences in species
richness and dominance of life forms in the seed rain and in richness and survival in the recruit assemblages among mature forests, mid-successional forests,
early successional forests, pastures and milpa fields (arable lands with maize) surrounded by natural and human disturbed habitats.

Methods: Samples of seeds and plants were collected during a year in Lacanja-Chansayab and Bonampak-Bethel, in the buffer zone of the Montes Azules Bios-
phere Reserve, Selva Lacandona, Chiapas, Mexico. We deployed 14 seed traps in 12 sites representing a gradient of vegetation succession (2 sites x 6 habitats
x 14 traps; n = 168 traps). Independently, to assess changes in recruitment and early survival, we established 15 quadrats (0.5 x 2.0 m) in each of the studied
forests (2 sites x 3 habitats x 15 quadrats; n = 90 quadrats).

Key results: We collected ~13,600 seeds of 144 species from 48 botanical families. Mature forests had the highest seed rain species richness (60-61) and pastu-
res (14-11) the lowest. We observed a decline in species richness and a change in dominance of life forms in the seed rain from less disturbed to most pertur-
bed habitats. Mature forests included seeds of diverse tree species while the assemblage in pastures was dominated by seeds of few grass species. Intensive
traditional milpa fields showed homogeneous seed assemblages. For the new recruits, we recorded ~3,416 individuals (<0.5 m height) of 238 morphospecies
in 42 families, 129 were identified to species level. The largest number of species occurred in mature and mid-successional stands compared to early forests.
Annual survival of recruits was higher in mid- and late successional forests than in early ones.

Conclusions: We document species loss and widespread simplification and homogenization in community composition due to pervasive effect of humans on
remnant tropical lowland forests.
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Resumen:

Antecedentes y Objetivos: La agricultura en los trépicos reduce, fragmenta y altera los bosques y los paisajes forestales. Evaluamos la riqueza de especies y la
dominancia de formas de vida en la lluvia de semillas, y la abundancia y supervivencia anual de nuevos reclutas en bosques maduros, medianamente maduros,
bosques tempranos, potreros y campos de cultivo en ambientes naturales y humanizados. Pronosticamos diferencias en composicion y nimero de semillas y
de reclutas en funcion de los diferentes habitats y de las matrices de vegetacion que los circundan.

Meétodos: Durante un afio se colectaron muestras de semillas y plantas en Lacanja-Chansayab y Bonampak-Bethel, ambas dentro de la zona de amorti-
guamiento de la Reserva de la Biosfera de Montes Azules, Selva Lacandona, Chiapas, México. Para la lluvia de semillas, instalamos 14 trampas en sitios que
representan el gradiente de sucesion en la vegetacion local (2 sitios x 6 habitats x 14 trampas; n = 168). Independientemente, para evaluar los cambios en re-
clutamiento y supervivencia tempranas se establecieron 15 cuadros (0.5 x 2.0 m) en cada comunidad arbolada (2 sitios x 3 comunidades x 15 cuadros; n = 90).
Resultados clave: Colectamos ~13,600 semillas de 144 especies pertenecientes a 48 familias botanicas. Los bosques maduros presentaron la mayor riqueza
(60-61) y los potreros la menor (14-11). Observamos una reduccion en la riqueza de especies y un cambio en la dominancia de las formas de vida a través del
gradiente sucesional. Los bosques incluyeron principalmente semillas de arboles, mientras los potreros estuvieron dominados por unas pocas especies de
gramineas. La lluvia de semillas en las areas agricolas se caracterizd por un reducido niumero de especies generalistas. Para los reclutas de especies lefiosas, se
registraron ~3416 individuos (<0.5 m de altura) de 238 morfoespecies, de las cuales 129 fueron identificadas a nivel de especie en 42 familias. El mayor niUmero
de reclutas ocurrié en bosques maduros comparados con bosques tempranos y su supervivencia fue mayor en los bosques maduros.

Conclusiones: Documentamos la progresiva simplificacion y homogenizacién en la composicién floristica y el efecto generalizado de los humanos en las re-
giones tropicales.

Palabras clave: agricultura trashumante, heterogeneidad del habitat, mayas lacandones, paisajes forestales, perturbacion humana, selva alta perennifolia.
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Introduction

During the second half of the 20™ century, extensive land
clearing for the establishment of agricultural fields and
pastures for livestock along with significant changes in ag-
ricultural practices decreased, fragmented and altered at
growing rates forests in most tropical regions of the world
(Gémez-Pompa et al., 1972, 1974; Janzen 1973, 1983, 1986;
Kellman et al.,, 1998; Dirzo and Raven 2003; Brook et al.,
2008; Bradshaw et al. 2009; Wright, 2010). Most current
remnant tropical forests occur within protected areas sur-
rounded by complex mosaics of vegetation with variable
degrees of conservation and transformation by humans
(Ricketts, 2001; Vandermeer and Carvajal, 2001; Vieira et
al., 2008; Laurance et al., 2014; Chazdon, 2014). These het-
erogeneous landscapes include a large proportion of the
world’s biodiversity which is increasingly threatened by
changes in community composition, structure and dynam-
ics, with subsequent alteration of their functioning and bio-
geochemical cycles (Medellin, 1994; Huston, 1994; Grubb,
1996; Lindenmayer and Fisher, 2006). Understanding the
ecological consequences of forest habitat degradation and
fragmentation on forest landscape dynamics is fundamental
to design better agricultural, management and forest con-
servation practices (Harrison and Bruna, 1998; Chapman et
al., 2003; Lindenmayer and Fisher, 2007; Krupnick, 2013).
The ecological changes in southeastern Mexico ex-
emplify the consequences of social and economic policies
implemented in many tropical regions of the world. De Vos
(2002) documents the changes during the last 150 years in
the use of natural resources in the Selva Lacandona rain-
forest, in eastern Chiapas. The harvest of timber from the
tropical rainforest in this region was the dominant activi-
ty until the end of the first half of the 20" century. These
exploitations concentrated almost exclusively on the ex-
traction of valuable timber (mostly mahogany and tropical
red cedar) and few other resources such as chewing-gum
base but maintained the vegetation cover. At the beginning
of the second half of the century, the Mexican government
provided private enterprises with extensive areas and peas-
ants with small parcels and initiated significant changes in
the environment through an extensive colonization policy
that brought people from many other regions of the country
(de Vos, 2002). The new landholders deforested extensive
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areas for agriculture (both traditional and non-traditional)
and cattle ranching compromising subsequent forest regen-
eration (Ochoa-Gaona et al., 2007). Forest habitat alteration
and fragmentation increased at faster rates in most of the
region except in the Montes Azules Biosphere Reserve (INE,
2000).

In the same decades, the region underwent major cul-
tural changes. The traditional slash-and-burn milpa agricul-
tural system of the local Maya Lacandon inhabitants has also
been increasingly replaced with intensive agricultural prac-
tices for monocultures and pastures (Barrera et al., 1977;
Levy-Tacher et al., 2002). The indigenous Lacandon Maya
traditional milpa farming is based on slashing and burning to
provide clearings in which crops can grow (Nations and Nigh,
1980; Nigh, 2008; Nigh and Diemont, 2013). This swidden
system maintains significant larger areas vegetated since it is
based in polycultures including many native woody species,
and requires long fallow periods during which nutrients ac-
cumulate in the vegetation and soil, weeds are controlled,
and soil properties are rehabilitated (Cowgill, 1962; Reina,
1967; Douterlungne et al., 2010, 2013). Medellin and Equi-
hua (1998) documented in areas with large forest remnants
that mammalian species richness did not differ between
forests and old milpa fields and argued that traditional Ma-
ya-Lacandon use of the land in the form of small agricultural
plots embedded in a large forest matrix can increase spatial
heterogeneity and promote mammal diversity.

Seed dispersal and recruitment are critical demo-
graphic processes affecting species abundance and distribu-
tion (Zang et al., 2007). Habitat fragmentation limits seed
dispersal affecting species distribution, local population
viability and community structure (Schupp and Fuentes,
1995; Harms et al., 2000; Howe and Miriti, 2004; Hampe
et al., 2008), decreasing the functionality of habitat corri-
dors among landscape components (Levey et al., 2005;
Damschen et al., 2006). Habitat fragmentation also affects
seedling recruitment and survival through its effects on
patch size, extent of borders, and habitat quality (McEuen
and Curran, 2004; Cordeiro et al., 2009). These effects are
not homogeneous across species and alter species interac-
tions, community composition and structure, and landscape
configuration and functionality (Damschen et al., 2006; He-
rrera and Garcia, 2010).



Our aim was to compare the arrival of propagules
and their recruitment in tropical successional communities
surrounded by habitat matrices with contrasting degrees
of human disturbance. We are interested in understand-
ing the potential ecological impact of policies directed to
increase expansion of contiguous pastures and commer-
cial agriculture in areas where more scattered traditional
swidden agriculture was practiced. A comprehension of the
ecological dynamics of agricultural traditional systems and
their change provides critical information for the evaluation
of current development practices and the design of sustain-
able use of resources (Nations and Nigh, 1978, 1980; Nigh,
2008; Nigh and Diemont, 2013; Levy-Tacher et al., 2012;
Ortega-Alvarez et al., 2019). Specifically, we estimated seed
rain and recruitment variation in communities that ranged
from mature forests to agricultural fields and pastures with-
in vegetation matrices dominated by old-growth forests or
an array of human created habitats.

Methods

Study sites

Our study was performed in the buffer zone at the bor-
der of the Montes Azules Biosphere Reserve, Selva Lacan-
dona, Chiapas, Mexico, centered in the Maya Lacandon
homesteads of Lacanjia-Chansayab and Bonampak-Bethel
(16°46'N, 91°08'W, 350-400 m elevation). Climate is
warm-humid with an average annual temperature of 25-
27 °C and an annual rainfall of 180-220 cm (Garcia, 1987).
Precipitation is concentrated (>80%) between summer and
mid-fall (June to October). Remnants of tropical rainfor-
est occur at basins and lower mountain rainforest on hills
(Breedlove, 1981; Pennington and Sarukhan, 2005). The
vegetation is characterized by a mixture of pastures, milpa
fields (traditional land use of Maya Lacandon people with
multiple crops including corn, squash, yuca and beans),
early successional forests and mature forests (Quintana-As-
cencio et al., 1996). We have a concurrent study of the dy-
namics of seed banks at the same sites (Quintana-Ascencio
et al.,, 1996).

Seed traps
There was a gradient of forest transformation with larger
and better-preserved forest stands near the Bonampak
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archaeological site and west of Lacanja-Chansayab, and
secondary forest stands, early successional forests, milpa
fields and pastures concentrated around the Lacandon
dwellings. We established 14 seed traps in each study vege-
tation association at these two localities: Bonampak-Bethel
and Lacanja-Chansayab (2 sites x 6 habitats x 14 traps; n =
168 total; Fig. 1). We used information from local peasants
to select study sites and negotiated with them the access
to the sites.

We sampled in six successional communities (also
described in Carrillo Arreola, 1992 and Quintana-Ascencio
et al.,, 1996):

1. Agriculturally improved pastures without grazing:
this community is maintained by periodic fires during Fe-
bruary and March. In 1990, it covered approximately 3%
of the study region. It comprised a minor area in the study
sites (~5%; area estimates based on Fig. 1).

2. Milpa surrounded by other milpa fields and early
successional forests. Mixtures of corn, squash, beans and
other annual and perennial crops are sown after the large
woody species are cut and fire is applied in the remaining
local community. Local peasants clear these forests at least
every 10-20 years to reduce vegetation cover, enrich soils
with ashes and reduce weed infestation.

3. Early successional forests with 5-15 years since
abandonment: these are dense woody communities do-
minated by shrubs and fast-growing small trees characte-
rized by associations of Trichospermum galeottii (Turcz.)
Kosterm., Cecropia spp., Ochroma pyramidale (Cav. ex
Lam.) Urb. and Piper spp. This habitat comprised <10% of
the area in the study region.

4. Mid-successional forests: these are more complex
forest stands with large individuals (>10 m height) of early
or mid-successional tree species such as Dendropanax ar-
boreus (L.) Decne. & Planch., Alchornea latifolia Sw., and
Spondias mombin L. in the canopy (~ 10% of the area).

5. Mature forests: we chose forest stands far from
human dwellings with tree strata clearly defined, diverse
tree species and with average canopy >20 m height (~75%
of the area).

6. Milpa fields within forest matrix: these commu-
nities were traditional multiple crop fields <1 ha in area
within a matrix of forest that were cleared in preparation
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Figure 1: Map of the study sites in the Maya Lacandon homesteads of Lacanja-Chansayab and Bonampak-Bethel, Chiapas, Mexico.
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for planting just before the start of our study. We set traps
in milpa fields within the forest matrix: seven traps were
randomly located along the four milpa sides approximately
5 m from the forest border, the other seven in the center
at least >20 m from the forest border. Both types of milpa
fields together encompassed <2% of the study area.

In July 1990, we randomly distributed 14 seed traps
in each replicated successional community. In each sam-
pling station, we deployed a funnel-shaped seed trap made
of tricot (50 x 50 cm) supported by a woody frame at 50 cm
height. Trap content was collected in paper bags approxi-
mately every 40-60 days in August, October and November
1990, and February, April, May and July 1991. Bags were
transported within 10 days to a laboratory at El Colegio
de la Frontera Sur (ECOSUR), San Cristdbal de Las Casas,
Chiapas. Branches and leaves were discarded and all oth-
er material screened under a dissection microscope (Lei-
ca MZ6 stereomicroscope, Heerbrugg, Switzerland). Seeds
were separated by morphospecies identified with a serial
number and kept in cellophane bags for botanical deter-
mination. Damaged traps were replaced as needed. Traps
in pastures, milpa fields and one of the early successional
forests at Lacanja-Chansayab were burned after prescribed
fires performed by local farmers (<2 per site and evalua-
tion, total 8). Samples were pooled by replicated communi-
ty to estimate composite annual estimates of seed density
(abundance m) and composition. We adjusted estimates
as necessary to account for lost samples. Seed taxonomic
identity was attained using a reference catalog from plants
collected around the study sites and deposited at the her-
barium in the Colegio de la Frontera Sur, San Cristébal
de Las Casas, Chiapas, and in the seed catalogue at the
Estacién Bioldgica Tropical “Los Tuxtlas”, Veracruz, Univer-
sidad Nacional Auténoma de México (G. Ibarra-Manriquez
and S. Sinaca, pers. communication).

New recruits’ plots

In August and October 1990 we established 90 (2 sites x
3 habitats x 15 quadrats; n = 90) permanent observation
plots (0.5 x 2.0 m) to monitor abundance of seedlings and
juvenile plants (<0.5 m) in the three different tree and
shrub dominated vegetation associations (mature forest,
mid-successional forest and early successional forest) in
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each location. In each replicated forest community we ran-
domly established the 15 plots marked in the corner with
wooden sticks. Plots were visited every four months for
a year. Monitoring of plots at Bonampak-Bethel was two
months behind those at Lacanja-Chansayab. We identified,
mapped and counted every plant <0.5 m height within the
plot except prostrated plants (mostly Araceae, and other
climbing herbs).

Analysis

Seeds were divided according to their species life form
(herbs, vines, lianas, shrubs and trees) and size (<2 mm, 2-6
mm and >6 mm diameter). We recognized the life form of
plants <0.5 m height in the plots. We assessed the signif-
icance of differences in abundance of seed assemblages
between communities, months and localities with Krus-
kal-Wallis tests (Potvin and Roff, 1993), and the significance
of differences in abundance of plant assemblages between
communities and months with Monte Carlo methods
(Manly, 1991), because data did not meet the assumptions
of parametric tests. For the Monte Carlo tests we random-
ized 1000 times among communities for each species keep-
ing fixed their rows (species) totals per evaluation. We eval-
uated dissimilarity based on species presence/absence for
seed and plant assemblages among communities in differ-
ent study sites with Non-metric Multidimensional Scaling
(NMS) with Bray-Curtis dissimilarity (Sérensen’s index) and
a random starting configuration. The final configuration of
the ordinations was evaluated with 1000 permutations and
both had a P<0.001 that similar stress values could happen
by chance. Two dimensions were included in the ordination
of seed assemblages after assessing the stability. Only one
dimension was included for plant assemblages. We con-
ducted analyses in R version 2.7.2 (R Core Team, 2013). We
assessed differences between two areas defined by the La-
candon Maya people and successional communities pool-
ing data within each plant association sampled.

Results

Seed rain

Overall and after a year of monitoring (August 1990-July
1991) we collected ~13,600 seeds of 144 species belonging
to 48 botanical families. Rubiaceae, Fabaceae, Moraceae



(includes Cecropia spp.), Araceae, Arecaceae, Piperaceae,
and Poaceae comprised 32% of the species (Appendix 1).
Mid-successional and mature forests had the highest spe-
cies richness (60-72 species), early successional forests and
milpa fields were intermediate (17-44) and pastures had the
lowest species richness (11-14; Appendix 1; Fig. 2). Overall
seed densities were highest in the center of the milpa fields
within a forested matrix in Bethel-Bonampak (~8500 seeds
m2), in the mature forest (~7400 seeds m?) and the early
successional forest (~¥6200 seeds m?) in Lacanja-Chansayab,
and lowest in the milpa fields of Bethel-Bonampak (~1700
seeds m?), the center of the milpa within a matrix of forest
in Lacanja-Chansayab (~1000 seeds m2), and in the pasture
in Bethel-Bonampak (~100 seeds m%; Table 1).

There was seasonal variation in the number of spe-
cies and seed density (Kruskall-Wallis H>19, P<0.004, for
both contrasts), but there were no clear differences among
localities (H = 0.49, P = 0.48). Number of species was low-
est during the rainy season (August-October) and highest
at the end of the dry season (April-May; Fig. 3). There was
a larger change among seasons in number of species cap-
tured in the forests than in early successional forests and

80

Number of Species

milpa fields. Pastures had the lowest seasonal contrast in
the number of species (Fig. 3). Number of seeds of tree
species was highest in July, coinciding with the start of the
rainy season, while seeds of herbaceous species peaked in
April at the end of the dry season. Seeds of shrubs did not
show a marked variation across the year (Fig. 4).

Seeds of different life forms varied across succession-
al communities. Of the 144 species recorded in our seed
collection 42 were trees, 25 herbs, 21 shrubs, 19 vines, and
40 could not be determined. Seeds of trees and vines were
frequent in forest communities and milpa fields surround-
ed by forests, and scarce or absent in open communities
in disturbed areas. Seeds of shrubs were more abundant
in early successional forests and milpa fields in disturbed
areas. Seeds of herbaceous species were most abundant in
the milpa fields and in early successional forests but were
frequent in all communities.

The seed rain was dominated by few species (Table
1). Tree species in the genera Brosimum Sw., Cecropia Loefl.
and Ficus L. (included here all three within the Moraceae)
contributed with 22-76% of the seeds in the forests, 13-81%
in disturbed habitats surrounded by forests, 11-33% in the

e
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Figure 2: Total number of species per successional condition at the Selva Lacandona, Chiapas, Mexico (August 1990-July 1991). Lacanja-Chansayab =
I; Bonampak-Bethel= b; Vegetation associations: Mature forests = sma; Mid-successional forests = smm; Center of milpa field within forests = mcb;
Border of milpa fields within forests = mbb; Early-successional forests = aca; Milpas within disturbed areas = mil; pastures = pas. Habitat perturbation

increased in habitats represented by columns with lighter shades.
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Table 1: Percent contribution of the most common species to the total number of seeds collected in six successional communities in the Selva
Lacandona, Chiapas, Mexico (August 1990-July 1991). Lacanja-Chansayab = I; Bonampak-Bethel = b; Successional communities: Mature forests = sma;
Mid-successional forests = smm; Center of milpa field within forests = mcb; Border of milpa fields within forests = mbb; Early-successional forests
(fallows) = aca; Milpas within disturbed areas = mil; grasslands = pas. *exotic.

Species Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas  bpas
Brosimum sp. 7.1
Cecropia spp. 49.4 39.1 9.9 1.6 32.6 7.0
Ficus aurea Nutt. 14.9 11.6 1.9 12.9 38.0 51.0 23.4 2.4 2.4
Ficus insipida Willd. 6.8 16.1 2.6 1.2 4.5
Ficus jimenezii Standl. 4.6 3.2 9.2 10.6 29.7
Heliocarpus spp. 233 5.0 8.4
Andropogon bicornis L. 8.2
Hyparrhenia rufa*(Nees

: f apf fa( ) 19.2
Paspalum paniculatum L. 59.4
Paspalum virgatum L. 49.2
Bidens spp. 10.9
Undetermined spp. 12.6 31.2 324 56.6 64.0 479 15.3 32.4 11.5 16.6 28.6 59.3 8.2
Euphorbia heterophyla L. 155 7.6
Iresine spp. 2.2 24.0 9.0 5.5
Piper sp. 1 25.1 24.1 10.9 2.1 11.2
Piper sp. 2 22.7 257 290 2.9 16.6
Accumulated % 88 85 90 78 85 90 96 87 92 78 91 82 95 90
Total seeds m? 7453 1757 5843 1448 1013 2562 8528 2338 6225 5302 7344 1669 2800 132

early successional forests, less than 3% in the milpas within
disturbed matrix, and were absent in the pastures. Seeds of
Piper spp. were only found in early successional forests and
in milpa fields, where they contributed with 2-25%. Seeds
of Asteraceae were relatively abundant in all communities
(8.2-57%). Exotic invasive grasses were exclusive of pastu-
res, where they contributed with (49-87%).

Distribution of seeds in the three size groups varied
among successional communities and seasons (Kruskall-
Wallis H>55, P<0.001, for both contrasts), but there was no
clear evidence of heterogeneity among localities (H = 0.08,
P =0.77). In our sample, 38 species had seeds <2 mm, 76
were 2-6 mm, and 28 were >6 mm in diameter. The smallest
seeds were relatively homogeneously distributed across
communities. Seeds of intermediate size were more abun-
dantin early successional forests than in forests and almost
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absent in open communities. The largest seeds were most
abundant in the border of the forest with the milpa fields in
the forest matrix, followed by forests, early successional fo-
rests, and were scarce in disturbed and open habitats. The
peak of dispersal of small and large-sized seeds happened
during the end of the dry season. Mid-sized seeds did not
show a clear seasonality of dispersal.

NMS ordination indicated the dissimilarity among
assemblages (axis 1 eigenvalue = 0.99, P = 0.02, axis 2 ei-
genvalue = 0.03, P = 0.04; Fig. 5). This ordination explai-
ned 0.896 of the variance. Axis one summarized most of
the dissimilarity variation among successional communities
studied. The dissimilarity pattern was consistent between
Lacanja-Chansayab and Bonampak-Bethel. Mature and
mid-successional forest communities were highly similar

from each other and formed a cluster. Milpa fields within
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Figure 3: Number of species per month and successional condition in the
Selva Lacandona, Chiapas, Mexico (August 1990-July 1991). A. mature
(ma) and mid-successional (mm) forest; B. center (cb) and border (bb) of
the milpa surrounden by forest; C. early successional forest (aca), milpas
(mil) ans pastures (pas). Lacanja-Chansayab = |; Bonampak-Bethel= b;
Vegetation associations: Mature forests = sma; Mid-successional forests
= smm; Center of milpa field within forests = mcb; Border of milpa fields
within forests = mbb; Early-successional forests = aca; Milpas within
disturbed areas = mil; pastures = pas.

a matrix of forest were closest to the forest communities
and in a central position among forests, early successional
forests, and milpa fields in the disturbed habitat matrix.
In the ordination space, associations in the borders of the
milpa surrounded by forest were closest to the forests. As-
sociations in the milpa fields within the matrix of disturbed
habitats were equally distant from the early successional
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Figure 4: Seed density per month by life-form in the Selva Lacandona,
Chiapas, Mexico (August 1990-July 1991; vines and unknown species
had small contributions and were not plotted).
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Figure 5: Non-metric multidimensional scaling with Bray-Curtis
dissimilarity (Sorensen’s index) for associations of seeds of species in
successional communities in Lacanja-Chansayab, Chiapas, Mexico.
Black symbols: Bonampak-Bethel; Gray symbols: Lacanja-Chansayab;
Vegetation associations, open circles: Mature forests; open squares:
Mid-successional forests; filled squares: Border of milpa fields within
forests; filled circles: Center of milpa field within forests; diamonds:
Early-successional forests; up-pointed triangles: Milpas within disturbed
areas; down-pointed triangles: pastures; Size of the site symbols was
adjusted by the proportion of tree species in the sample; crosses:
species.

forests and milpa in the forests. Pastures were the most
distant from all other communities. Axis two mostly sum-
marized differences among early successional forests and
the rest of the communities.



Establishment of new recruits

Overall, we recorded ~3416 new recruits with a height <0.5
m belonging to 238 morphospecies in 48 botanical families,
98 were identified to genus and 76 to species (Appendix
2). Among these plants, the largest number of species oc-
curred in mature and mid-successional forests compared
to early successional forests in both locations (Table 2). The
number of species was higher in the mid-successional and
mature forests of Bonampak-Bethel compared to Lacan-
ja-Chansayab. The number of plants <0.5 m in height was
highest in the forests and lowest in the early successional
forests (Table 2). Plant density was in general higher in the
mid-successional and mature forests of Bonampak-Bethel
compared to Lacanja-Chansayab. Survival of plants <0.5 m
was higher in mid- and late successional forests than in ear-
ly successional ones (Table 2).

Most small plants belonged to a few species. Seed-
lings of Chamaedorea spp. were abundant in the mid-suc-
cessional and mature forest communities (7-11% of the to-
tal number of seedlings in a given community), and rare in
early successional forests. Seedlings of Pseuderanthemum
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verapazense Donn. Sm., an unidentified taxon of Sapindace-
ae, and an unidentified species were common in the forests
of Lacanja-Chansayab (26-38%), while seedlings of Ampe-
locera hottlei (Standl.) Standl., Rinorea guatemalensis (S.
Watson) Bartlett, Brosimum alicastrum Sw., Paullinia costa-
ta Schltdl. & Cham., and an unidentified species of Sapin-
daceae were common in the forests of Bonampak-Beth-
el (25-41%). Plants of Iresine spp. were abundant in early
successional forests in both locations (17-32%). Seedlings
of Dendropanax arboreus, Piper glabrescens (Mig.) C. DC.,
and a Heliconia species were abundant in the fallow fields
at Lacanja-Chansayab (22%), while seedlings of Acalypha di-
versifolia Jacq., Psychotria pubescens Sw. and a grass were
common in the fallow fields at Bonampak-Bethel (28%). We
recognized the life form of the small plants for 143 species:
three were annual herbs, 30 perennial herbs, 15 vines, nine
ferns, 44 shrubs, 8eight palms, and 32 trees. Seedlings of
trees, palms and vines were more abundant in mid- and late
successional forests. Small individuals of shrubs were com-
mon in all forest stands. Herbs were more abundant in early
successional forests.

Table 2: Density of plants < 0.50 cm tall (m™+ standard error), number of species per evaluation and total (in three evaluations) and plant survival
of plants in control plots at three replicated forested successional communities in the Selva Lacandona, Chiapas, Mexico (August 1990-June 1991).
Lacanja-Chansayab = |; Bonampak-Bethel= b; Successional communities: Mature forests = sma; Mid-successional forests = smm; Early-successional

forest (fallows) = aca. Monitoring of plots at Bonampak-Bethel was two months behind those at Lacanja-Chansayab. We do not have evidence of

significant differences between communities with the same letter in the same column after Monte Carlo tests with 1000 simulations.

Sampling months

Plant survival (+ standard error)

Site Variable August/October  December/ April/June Aug/Oct-Dec/Feb Dec/Feb —Apr/Jun Aug/Oct-Apr/jun Total.of
1990 February 1991 species

Isma plants m? 14.5(1.03) b 16.0(1.22) b 15.9(1.56) b 0.43(0.07) ¢ 0.46 (0.07) ¢ 0.30(0.06) b

bsma  plants m? 18.5(0.85) a 23.4(0.95)a 36.1(3.62)a 0.63 (0.05) a 0.32(0.05) e 0.33(0.05) b

Ismm  plants m? 18.1(1.33)a 16.7 (1.12) b 18.3(1.45)b 0.54 (0.06) b 0.50 (0.07) b 0.43 (0.06) a

bsmm  plants m? 20.6 (1.07) a 25.9(1.07)a 33.6(2.12)a 0.53 (0.06) bc 0.61 (0.06) a 0.36(0.05) b

laca plants m? 7.67 (1.09) ¢ 10.9(1.01)c 17.6(1.68) b 0.47 (0.07) ¢ 0.40(0.08) d 0.26 (0.07) ¢

baca  plantsm?  9.07 (1.03)c 10.5(1.19) ¢ 15.5(1.56) b 0.37 (0.08) d 0.38 (0.07) d 0.23 (0.06)c

Isma species 43bc 45b 40 b 69 b

bsma species 66 a 68 a 6la 96 a

Ismm species 53 ab 58 ab 53 ab 74 b

bsmm species 55 ab 68 a 64 a 96 a

laca species 34c 42 b 45b 67 b

baca species 28 ¢ 31b 47 b 59b
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Dissimilarity in floristic composition among locations
and vegetation associations was highest between mid-suc-
cessional and mature forests and early successional forests
(>0.91 for all comparisons), and lowest between mid- and
late successional forests within locations (0.43 and 0.47 for
Bonampak and Lacanja-Chansayab, respectively). Distance
between locations was 0.67 for early successional forests,
0.60 for mid-successional and 0.68 for mature ones. Distanc-
es between mid-successional and mature forests across lo-
calities were 0.54 and 0.66.

Discussion

We document pervasive effects of the increasing predom-
inance of humanized landscapes in the buffer zone of the
Montes Azules Biosphere Reserve, Selva Lacandona, Chi-
apas, Mexico. We observed a significant decline in species
richness and a change in dominance of life forms in the seed
rain assemblage along the floristic successional gradient. At
the extremes, mature forest included seeds of diverse tree
species while the assemblage in pastures was dominated
by seeds of a few grasses, mostly introduced exotic species.
Areas characterized by intensive agriculture and pastures
nearby human dwellings were associated with the most sim-
plified and homogeneous floristic composition of seed as-
semblages. Seeds of tree species were present in milpa fields
surrounded by forest but were absent in milpa in humanized
environments where there was a dominance of seeds of gen-
eralist and widespread herbaceous species, many of them
exotic species. The arrival of tree seeds into milpa fields sur-
rounded by forests promotes faster recovery of the forest
(Gémez-Pompa and Vazquez-Yanes, 1981).

Increasing dominance of open and disturbed habitats
facilitates dispersal and colonization by invasive and weedy
species (Uhl et al., 1981; Uhl and Clark, 1983; Saulei and
Swaine, 1988; Drake, 1998). Because most of these herba-
ceous species have long distance dispersal and long-lived
seed banks, as their seeds accumulate in the soil of mature
remnant forest stands within the humanized mosaic where
they are readily available to establish after disturbances
(Guevara and Gémez-Pompa, 1972; Demel and Granstrém,
1995; Quintana-Ascencio et al.,, 1996; Ldpez-Toledo and
Martinez-Ramos, 2011). This compositional change in the
seed bank can increase the interference of these species
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with crops in recently prepared milpa fields and may alter
successional sequences (del Castillo and Pérez-Rios, 2008).
Notwithstanding the observed influence of the humanized
landscapes on the recovery of the original associations of the
tropical rainforest, it should be noted that we do not expect
to have a complete representation of the tree species com-
position in the forest based on seeds arriving to our traps
within a year. Whether the temporal and methodological li-
mitations of our study are sufficient to make our point regar-
ding the pernicious effects of extensive humanized habitats,
will depend on future long-term studies in the same region
aimed to assess a possible extinction debt in the coming de-
cades (Wearn et al., 2012) and the recovery potential con-
tained in widespread secondary growth vegetation (Gomez-
Pompa et al., 1972; Chazdon, 2014).

Site successional condition and landscape configura-
tion affected community composition. Species composition
of seed dispersal assemblages in the Lacandon rainforest
was more similar to species composition of local vegeta-
tion than previously reported similarities between soil seed
banks and vegetation from a concurrent study (Quintana-
Ascencio et al., 1996). As it has been documented in other
studies in tropical forests (Franklin and Rey, 2007; Gomes-
Freitas et al., 2013; Weerasinghe et al., 2019), small and wind
dispersed seeds of generalist herb species dominated seed
assemblages in human-controlled environments while large
fleshy seeds or fruits of woody species were more common
in continuous forest stands or in their border with milpas.
Fast decaying seed dispersal kernels of many woody species
can help to explain the similarity between seed rain and ve-
getation (Alvarez-Buylla and Martinez-Ramos, 1990; Drake,
1992; Burrows, 1994). Human impacts on species interac-
tions can alter and reduce dispersal kernels. Seed removal,
seed dispersal distances and seed predation processes shape
seed dispersal kernels and influence the location and density
of seeds deposited (Dirzo et al., 2007). Growing anthropoge-
nic impact including hunting, habitat alteration and fragmen-
tation changes abundance of vertebrates and affects their
behavior (Babweteera and Brown, 2010; Bagchi et al., 2011;
Bravo, 2012; Brodie and Aslan, 2012; Carrara et al., 2015).

Forest loss and habitat configuration have direct
effects on plant recruitment, survivorship and fecundity of
many species and indirect long-term negative effects on



their population viability through decreasing growth rates
and loss of genetic variation (Heywood and Iriondo, 2003;
Gagnon et al., 2011). Changes in mortality, growth and re-
cruitment and in forest stand structure with succession in a
neighboring region in the Selva Lacandona were rapid du-
ring the first five years of succession, decreasing rapidly af-
terwards and negatively related with initial stand basal area,
but relatively independent of initial tree density (Van Breu-
gel et al., 2006). Reduced diversity and differences in species
composition have been documented between large forest
fragments and smaller fragments within humanized habitat
mosaics (Arroyo-Rodriguez and Mandujano, 2006). In these
impoverished landscapes pioneer, weedy and alien species
increase in abundance in the remnant smaller fragments and
along forest edges (Tabarelli et al., 2010; Loébo et al., 2011).
Larger borders with agricultural fields and pastures increase
risks of seed predation by scatter-hoarding rodents in distur-
bed forests (Gutiérrez-Granados, 2011). The extent of forest
fragments in the Brazilian Amazon influenced seed abundan-
ce and composition of soil seed banks and clearly influen-
ced the potential resilience and regeneration of these sites
in the event of natural or anthropic disturbances (Sousa et
al., 2017).

We found consistent seed rain assemblages among
the two studied localities and seasonal variation in the
identity, number of species and seed density captured. Pat-
terns of variation in seed number and abundance among
successional communities were commensurate between
the relatively independent landscapes of Bonampak-Bethel
and Lacanja-Chansayab, strengthening the generality of
our findings. We also observed that species richness was
significantly higher during the dry season (April-May) and
lowest during the rainy season (August-October). Similar
seasonal variation in seeds captured has been documented
in other tropical rainforests (Sheldon and Nadkarni, 2013).
Habitat and life form affected the seasonal abundance and
richness of seeds caught. The change in number of species
captured was higher in the forests than in early successio-
nal forests and milpa fields, while pastures had almost no
variation. Peak abundance of seeds of tree species coinci-
des with the start of the rainy season, while seeds of her-
baceous species peak during the dry season. Variation in
abundance of seeds of shrubs was lower across seasons.
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Cumulative replacement of tropical forest and scat-
tered milpa fields by pastures and extensive commercial
agriculture that use exotic agrochemicals and intensive soil
management will increasingly compromise forest regener-
ation and conservation of biodiversity. Until recently, forest
regeneration neighboring a traditional agricultural land-
scape has been dependent on the configuration of a highly
diverse vegetation matrix. Our results add to prior evidence
indicating that progressively smaller forest fragments sur-
rounded by more homogeneous matrices of increasingly
simplified habitats will reduce seed exchange of mid- and
late successional species among remnant stands and alter
environmental conditions necessary for their establish-
ment. Simultaneously, growing abundance of widespread
weedy generalist herbaceous species will modify species
interactions in recently disturbed and regeneration habitats
which will negatively affect recruitment and establishment
of late successional species. The traditional Mayan milpa
system relies on successional processes restocking soil nu-
trients and reducing nuisance plants (Collier, 1975; Hernan-
dez-Xolocotzi, 1993; Douterlungne et al., 2010; Nigh, 2008;
Nigh and Diemont, 2013). Shorter return times associated
with intensive agriculture will decrease crop harvesting
rates because of changes in vegetation composition and
reduction in the accumulation of plant biomass and nutri-
ents. Growing dominance of intensive productive systems
hinders the regeneration potential of secondary habitats
linked to tropical rainforest and undermines the sustain-
ability of traditional practices and the economic balance of
native people in tropical regions.
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Appendix 1: Presence/absence of species collected as seeds in six successional conditions in the Selva Lacandona, Chiapas, Mexico (August 1990-July
1991). Lacanja-Chansayab = |; Bonampak-Bethel = b; FV = life form: h: herb, I: vine, a: tree, s: shrub; SD = seed dispersal, Feshy fruits or grains: a =
small seeds, m = medium size seeds, v = large seeds, d = unknown fruit type; Successional conditions: Mature forests = sma; Mid-successional forests
=smm; Center of milpa field within forests = mcb; Border of milpa fields within forests = mbb; Early successional forests (fallows) = aca; Milpas within
disturbed areas = mil; grasslands = pas. * exotic.

Family / Species FV SD Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas bpas
Acanthaceae

Mendoncia retusa Turril h m 0 0 0 0 0 0 0 0 0
Actinidiaceae

Saurauia scabrida Hemsl. a a

Amaranthaceae

Chamissoa altissima (Jacq.) | s

Kunth
Iresine spp. h a
Anacardiaceae
Spondias mombin L. a \Y
Annonaceae
Annona mucosa Jacq. a m
Cymbopetalum bailonii R.E.

Fr. @ m
Apocynaceae
Asclepias spp. | m
Forsteronia myriantha Donn.

Sm. m
Tabernaemontana donnell-

smithii Rose @ m
Araceae
sp. 1 h v
Araliaceae
Dendropanax arboreus (L.)

Decne. & Planch. @ m
Oreopanax guatemalensis

(Lem. ex Bosse) Decne. & a m

Planch.
sp. 2 h d
Arecaceae
Chamaedorea spp. S m
Asteraceae
Bidens spp. h a
Clibadium arboreum Donn.

Sm. s @
Asteraceae h a
Erechtites hieraciifolius (L.) h s

Raf. ex DC.

Zexmenia spp. h a
Bignoniaceae
Fridericia schumanniana | "

(Loes.) L.G. Lohmann

Tanaecium pyramidatum | y

(Rich.) L.G. Lohmann
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Appendix 1: Continuation.

Family / Species FV sb Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas  bpas

Boraginaceae
Varronia spinescens (L.)
Borhidi
Burseraceae
Bursera simaruba (L.) Sarg. a m
Protium copal (Schltdl. &
Cham.) Engl.
Calophyllaceae
Calophyllum brasiliense
Cambess.
Caricaceae
Carica papaya L. h m
Celastraceae
Pristimera celastroides
(Kunth) A.C. Sm.
Clusiaceae
Garcinia intermedia (Pittier)
Hammel
Combretaceae
Combretum sp. | v
Terminalia amazonia (J.G.
Gmel.) Exell
Cyperaceae
Scleria melaleuca Rchb. ex
Schitdl. & Cham.
Dichapetalaceae
Dichapetalum donnell-smithii
Engl.
Dilleniaceae
Tetracera volubitis L. s a
Dioscoreaceae
Dioscorea cyanisticta Donn.
Sm.
Euphorbiaceae
Alchornea latifolia Sw.

Q

Dalechampia spp.
Euphorbia heterophylla L.
Euphorbia hirta L.

O T T un
[<S R < I < R D R o)

Sapium lateriflorum Hemsl.
Tetrorchidium rotundatum
Standl.

sp. 4 h a
Fabaceae
Aeschynomene sp. d a

Albizia tomentosa (Micheli)
Standl.
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Appendix 1: Continuation.

Family / Species FV sb Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas  bpas

Cojoba arborea (L.) Britton
& Rose
Crotalaria spectabilis Roth

0 0 0 0 0 0 0 0 0

o
o

o
o
o

Dalbergia glomerata Hemsl.

Desmodium spp.

o

Dialum guianense (Aubl.)
Sandwith

Lonchocarpus spp.

Machaerium floribundum
Benth.

Rhynchosia minima (L.) DC.

Schizolobium parahyba (Vell.)

S.F. Blake
sp. 7 0 0
sp. 8 0 -
sp. 9 0 0

Gesneriaceae

sp.5

Hernandiaceae

Sparattanthelium amazonum
Mart.

Lauraceae

sp. 6

Malpighiaceae

Heteropterys laurifolia (L.) A.
Juss.

Psychopterys rivularis (C.V.
Morton & Standl.) W.R.
Anderson & S. Corso

Mascagnia vaccinifolia Nied.

Tetrapteris glabrifolia
(Griseb.) Small

Malvaceae

Hampea mexicana Fryxell

Heliocarpus spp.

Quararibea spp.

Sida rhombifolia L.

Trichospermum galeottii

o O o o
o
o
o o o o
o o o o

(Turcz.) Kosterm.
Marcgraviaceae

sp. 10 d a 0 0 0

sp. 11 d a 0 0 0
Melastomataceae

Miconia argentea (Sw.) DC. a m 0 0 0 0 0 0
Meliaceae

Guarea glabra Vahl a m 0 0 0

Guarea sp. a a 0 0 0
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Appendix 1: Continuation.

Family / Species FV sb Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas  bpas

Swietenia macrophylla G. King  a v 0 0 0 - 0 0 0 0
0 0 0 0 0

Trichilia pallida Sw. a m 0 0
Monimiaceae

[

Mollinedia viridiflora Tul. s
Moraceae

Brosimum alicastrum Sw.

3 3

Brosimum sp.
Cecropia spp.

Ficus aurea Nutt.
Ficus insipida Willd.
Ficus jimenezii Standl.
Ficus obtusifolia Kunth

0
0
0
0
0
0
0
0

[« D B« R« D <) R < L <D R I o]
[ R O R O N )

Pseudolmedia sp.
Muntingiaceae
Muntingia calabura L. a a
Orchidaceae

sp. 12 h v
Phytolacaceae

Phytolacca rivinoides Kunth &

C.D. Bouché h @
Thrichostigma octandrum (L.) d a
H. Walter
Piperaceae
Piper amalago L. s a
Piper sp.1 S a
Piper sp. 2 s a
Poaceae
Andropogon bicornis L. h a
Hyparrhenia rufa* (Nees) h a
Stapf
Lasciasis nigra Davidse h a
Paspalum conjugatum P.J. h v
Bergius
Paspalum paniculatum L. h v
Paspalum virgatum L. h v
Ranunculaceae
Clematis dioica L. | v
Clematis haenkeana C. Presl. | v

Rhamnaceae
Goguania lupuloides (L.) Urb. s v
Rubiaceae
Manettia reclinata Mutis ex L. | %
Palicourea tetragona (Donn.

Sm.) C.M. Taylor & Lorence
Psychotria limonensis K.

Krause

Psychotria pubescens Sw. s m
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Appendix 1: Continuation.

Family / Species

FV

sD

Rudgea cornifolia (Kunth)
Standl.
Sapindaceae
Paullinia tomentosa Jacq.
Serjania goniocarpa Radlk.
Sapotaceae
sp.
Solanaceae
Cestrum spp.
Lycianthes heteroclita
(Sendtn.) Bitter
Lycianthes spp.
Solanum americanum Mill.
Solanum hispidum Pers.
Urticaceae
Boehmeria ulmifolia Wedd.
Violaceae
Rinorea spp.
Undetermined
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.

14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

O O O O O O O O O O O o o O o 2 o O O o O o o o o o o

Q

3 3 3 < a o

o o 9o o 3 3 0o 09 0 o o

3 3 9 0 0 o <

o))

Isma

o O O o

bsma

o O o o

Ismm bsmm Imcb

Imbb bmcb bmbb laca

baca Imil

bmil

Ipas

bpas

0

O O O O O O O 0O 0O 0O OO 0O O o OO0 oo oo o o o o o o
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Carrillo Arreola et al.: Seed and seedling assemblages in successional forests

Appendix 1: Continuation.

Family / Species FV SD Isma bsma Ismm bsmm Imcb Imbb bmcb bmbb laca baca Imil bmil Ipas  bpas
sp. 42 d m 0 0 0 0 0 0 0 0 0 0 0 0
sp. 43 ¢ v[ 1 o 0o o 0o 0o 0 0o 0o 0 0 0 0 0
Total 60 61 70 72 25 34 26 35 17 44 31 26 14 11
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Carrillo Arreola et al.: Seed and seedling assemblages in successional forests

Appendix 2: Presence/absence of species found as seedlings in three forested successional communities in the Selva Lacandona, Chiapas, Mexico
(August 1990-July 1991). Lacanja-Chansayab = |; Bonampak-Bethel= b; Successional communities: Mature forests = sma; Mid-successional forests =
smm; Early-successional forests (fallows) = aca.

Id Family Species Isma bsma Ismm bsmm laca baca
sp. 1 Rubiaceae Psychotria mombachensis Standl. 1 0 1 0 0 1
sp. 2 0 0 1 0 0 0
sp. 4 Arecaceae Chamaedorea spp. 1 1 1 1 1 1
sp. 5 1 1 1 1 1 0
sp. 6 0 0 1 0 0 0
sp. 7 Acanthaceae Pseuderanthemum verapazense Donn. Sm. 1 1 1 1 1 1
sp. 8 Combretaceae Combretum spp. 1 1 1 1 0 0
sp. 11 1 1 1 1 0 0
sp. 12 Moraceae 1 1 1 1 0 0
sp. 13 Araceae 1 1 1 1 0 0
sp. 15 1 0 1 0 0 0
sp. 16 Connaraceae Connarus lentiginosus Brandegee 1 0 1 0 0 0
sp. 18 Moraceae Poulsenia armata (Miq.) Standl. 1 1 1 0 0 0
sp. 19 Sapindaceae Serjania goniocarpa Radlk. 1 1 1 1 1 1
sp. 20 Dryopteridaceae  Ctenitis excelsa (Desv.) Proctor 1 0 1 0 0 0
sp. 24 Fabaceae 1 1 1 0 0 1
sp. 27 Musaceae Heliconia sp. 0 1 1 1 1 0
sp. 30 Dioscoreaceae Dioscorea sp. 0 1 1 1 1 0
sp. 31 1 1 1 1 1 0
sp. 32 Ulmaceae Ampelocera hottlei (Standl.) Standl. 0 1 1 1 0 0
sp. 34 1 1 1 0 0 0
sp. 35 Sapindaceae Paullinia costata Schltdl. & Cham. 1 1 1 1 0 0
sp. 36 1 0 1 1 0 0
sp. 37 0 0 0 1 0 0
sp. 38 0 1 1 1 0 0
sp. 39 Piperaceae Piper glabrescens (Miq.) C. DC. 0 1 0 0 1 0
sp. 41 1 1 1 1 0 0
sp. 42 1 1 1 0 1 0
sp. 43 Piperaceae Piper psylorhachis C. DC. 1 1 1 1 1 1
sp. 45 Rubiaceae Psychotria limonensis K. Krause 0 0 1 1 0 0
sp. 46 1 1 1 1 0 1
sp. 49 Rubiaceae 0 1 0 0 0 0
sp. 51 0 0 0 0 1 0
sp. 52 Malvaceae Hampea mexicana Fryxell 1 1 1 1 0 0
sp. 54 Clusiaceae Garcinia intermedia (Pittier) Hammel 0 1 1 0 0 0
sp. 55 Burseraceae Protium copal (Schitdl. & Cham.) Engl. 1 0 0 1 0 0
sp. 56 Pteridaceae Pteris altissima Poir. 0 1 1 0 0 0
sp. 59 1 0 1 1 0 0
sp. 60 1 0 0 1 0 0
sp. 61 0 0 1 0 0 0
sp. 62 Poaceae Pharus parvifolius Nash 0 1 0 1 0 0
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Appendix 2: Continuation.

Id Family Species Isma bsma Ismm bsmm laca baca
sp. 64 Musaceae Heliconia aurantiaca Ghiesbr. ex Lem. 0 1 1 0 0 0
sp. 65 Piperaceae Piper grandilimbum C. DC. 0 1 1 0 0 0
sp. 66 0 0 0 1 0 0
sp. 67 1 1 1 1 1 1
sp. 68 1 1 1 1 0 1
sp. 69 Piperaceae Piper uspantanense C. DC. 0 1 0 0 1 1
sp. 70 1 0 0 0 0 0
sp. 71 Arecaceae Chamaedorea ernesti-augustii H. Wend|. 1 1 1 1 0 0
sp. 72 Monimiaceae Mollinedia sp. 1 0 0 0 0 0
sp. 73 Lauraceae 1 1 1 0 1 0
sp. 76 Arecaceae Bactris mexicana Liebm. ex Mart. 1 0 0 1 0 0
sp. 77 Araliaceae Dendropanax arboreus (L.) Decne. & Planch. 1 1 1 1 1 1
sp. 78 Moraceae Trophis racemosa (L.) Urb. 0 1 1 0 0 0
sp. 79 Moraceae Brosimum alicastrum Sw. 1 1 1 1 1 0
sp. 80 Meliaceae Guarea sp. 1 1 1 1 1 0
sp. 81 Fabaceae Inga sp. 0 1 1 0 0 0
sp. 83 Euphorbiaceae Alchornea latifolia Sw. 0 0 0 1 0 0
sp. 84 Melastomataceae Miconia impetiolaris (Sw.) D. Don ex DC. 0 1 0 0 0 1
sp. 85 Annonaceae Cymbopetalum penduliflorum (Dunall) Baill. 1 1 1 1 0 0
sp. 86 1 0 0 0 0 1
sp. 88 Moraceae Pseudolmedia sp. 1 1 1 1 1 0 0
sp. 90 0 0 0 0 1 0
sp. 91 Arecaceae Chamaedorea oblongata Mart. 0 0 1 1 0 0
sp. 92 1 0 0 0 1 0
sp. 94 Violaceae 1 0 0 0 0 0
sp. 95 0 1 0 0 0 1
sp. 96 Commelinaceae Tradescantia zanonia (L.) Sw. 1 1 0 1 0 0
sp. 97 1 1 1 1 0 1
sp. 101 Moraceae Pseudolmedia sp. 2 0 0 0 1 0 0
sp. 102 Arecaceae Chamaedorea elegans Liebm. ex Mart. 0 1 1 1 0 0
sp. 104 1 1 0 1 0 0
sp. 105 Violaceae Rinorea guatemalensis (S. Watson) Bartlett 1 1 1 1 0 1
sp. 108 1 0 1 1 0 0
sp. 109 Clusiaceae Calophyllum brasiliense Cambess. 1 1 0 0 0 1
sp. 110 Malvaceae Quararibea yunckerii Standl. 1 1 0 1 0 0
sp. 113 Anacardiacaee Spondias mombin L. 0 1 0 1 1 0
sp. 116 Sapindaceae Cupania dentata Moc. & Sessé ex DC. 1 1 1 1 1 0
sp. 117 Fabaceae Baubhinia rubeleruziana Donn. Sm. 0 1 0 1 0 1
5p. 118 Rubiaceae Palicourea tetragona (Donn. Sm.) C.M. ! ! ) 0 ! !
Taylor & Lorence
sp. 119 0 0 0 1 0 0
sp. 120 0 0 1 0 0 0
sp. 121 Sapotaceae Pouteria dourlandii (Standl.) Baehni 0 1 0 0 0 0
sp. 122 Poaceae 0 0 0 0 1 0
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Appendix 2: Continuation.

Id Family Species Isma bsma Ismm bsmm laca baca
sp. 123 0 0 0 1 0 0
sp. 127 0 0 0 1 0 0
sp. 128 Poaceae 0 1 0 1 1 1
sp.129  Violaceae 1 1 0 1 0 0
sp. 130 Rubiaceae 0 1 0 0 0 0
sp. 131 0 1 0 1 0 0
sp. 132 0 1 0 1 0 0
sp.141  Arecaceae Sabal sp. 1 1 1 0 1 0 0
sp. 143 Fabaceae Desmodium sp. 0 0 0 0 1 0
sp. 146 Fabaceae Erythrina sp. 0 1 0 0 0 0
sp. 147 0 1 0 1 1 0
sp. 149 0 0 0 0 1 0
sp. 151 Sapotaceae Pouteria sp. 0 0 0 1 0 0
sp. 152 Meliaceae Guarea glabra Vahl 0 0 0 0 1 0
sp. 153 Piperaceae Piper aeroginosibaccum Trel. 0 0 1 0 1 0
sp. 154 Rubiaceae Rudgea cornifolia (Kunth) Standl. 0 1 0 1 0 0
sp. 156 Rubiaceae Psychotria marginata Sw. 0 1 0 1 0 0
sp. 157 Rubiaceae 0 1 0 1 0 0
sp. 159 0 1 0 0 0 0
sp. 161 Fabaceae Dialium guianense (Aubl.) Sandwith 0 1 0 1 0 0
sp. 163 0 1 1 0 0 0
sp. 164 Moraceae Cecropia peltata L. 0 0 0 1 0 0
sp. 168  Arecaceae Sabal sp. 2 0 0 0 1 0 0
sp.172  Pteridaceae Adiantum pulverulentum L. 0 1 0 0 0 0
sp. 173 Costaceae Costus sp. 0 1 1 1 1 1
sp. 174 1 1 1 0 0 0
sp. 175 Rubiaceae Psychotria pleuropoda Donn. Sm. 0 0 0 1 0 0
sp. 178 Poaceae Olyra latifolia L. 0 0 0 1 0 0
sp. 179 0 1 0 1 1 1
sp. 180 0 1 0 1 0 0
sp. 181 Malpighiaceae Bunchosia lindeniana A. Juss. 0 0 1 0 0 0
sp. 183  Ochnaceae Ouratea luscens (Kunth) Engl. 0 0 0 0 1 1
sp. 185 0 1 0 1 0 0
sp. 187 Myrsinaceae Ardisia nigrescens Oerst. 0 0 0 1 0 1
sp. 188 Musaceae 0 0 0 0 1 1
sp. 192 1 0 1 0 0 0
sp. 194 0 1 0 1 0 1
sp. 195 Rubiaceae Psychotria sp. 0 0 1 0 1 0
sp. 197 0 0 0 0 1 1
sp. 198 Rubiaceae 1 0 1 0 1 1
sp. 199 0 0 0 1 1 1
sp. 202 0 0 0 0 1 1
sp. 204 1 1 1 0 0 0
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Appendix 2: Continuation.

Id Family Species Isma bsma Ismm bsmm laca baca
sp. 206 Rubiaceae Psychotria pubescens Sw. 0 0 0 0 1 1
sp. 207 Fabaceae 0 0 1 0 0 0
sp. 208 1 0 0 0 0 0
sp. 209 0 1 0 0 0 0
sp. 213 0 0 1 0 0 0
sp. 215 0 1 0 1 0 0
sp. 216 Flacourtiaceae Casearia nitida Jacq. 0 0 1 1 0 0
sp. 218 Piperaceae Piper aduncum L. 0 0 0 0 0 1
sp. 223 1 0 1 0 0 0
sp.229  Commelinaceae 0 0 0 0 0 1
sp. 230 Fabaceae 0 0 0 0 1 0
sp. 231 Asteraceae Pseudelephantopus spicatus (Juss. ex Aubl.) 0 0 0 0 q q
C.F. Baker
sp. 232 0 0 0 1 0 0
sp. 233 Poaceae 0 0 0 0 1 1
sp. 236 0 0 1 1 0 0
sp. 237 Myrsinaceae Ardisia nigropunctata Oerst. 0 0 0 1 0 0
sp. 240 Moraceae 0 0 0 0 1 0
sp. 243 0 0 0 0 1 0
sp. 246 Rutaceae Citrus x limon (L.) Osbeck 0 0 0 0 1 0
sp. 247 Amaranthaceae Iresine sp. 0 0 0 0 1 1
sp.249  Asteraceae Hebeclinium macrophyllum (L.) DC. 0 0 0 1 1 1
sp. 250 Poaceae 0 1 0 0 0 1
sp.252  Verbenaceae Lantana hispida L. 0 0 0 0 0 1
sp. 253 Asteraceae Neurolaena lobata (L.) Cass. 0 0 0 0 1 1
sp. 255 Asteraceae Baccharis trinervia (Lam.) Pers. 0 0 0 0 1 0
sp. 256 Piperaceae Piper auritum L. 0 0 0 0 0 1
sp. 257 Fabaceae Lonchocarpus sp. 0 0 0 0 1 0
sp. 259 Burseraceae Bursera simaruba (L.) Sarg. 0 0 0 0 1 0
sp. 262 Denstaedtiaceae  Pteridium aquilinum (L.) Kunth 0 0 0 0 1 0
sp. 263 Asteraceae Clibadium arboretum Donn. Sm. 0 0 0 0 1 1
sp. 268 Cyperaceae Scleria gaertneri Raddi 0 0 0 0 0 1
sp. 271 Caricaceae Vasconcellea cauliflora (Jacq.) A. DC. 0 0 0 0 1 0
sp. 273 Solanaceae Lycianthes synanthera (Sendt.) Bitter 0 0 0 0 0 1
sp. 275 Rubiaceae Hoffmannia riparia Standl. 0 0 0 0 1 0
sp. 280 0 0 0 0 1 0
sp. 283 Moraceae 1 0 1 0 0 0
sp. 285 1 1 0 0 0 0
sp. 286 1 0 0 0 0 0
sp. 287 0 0 0 0 1 0
sp. 288 Rubiaceae 0 0 0 0 0 1
sp. 289 0 0 0 0 1 0
sp. 290 0 0 0 0 1 0
sp. 291 0 0 0 0 1 1
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Appendix 2: Continuation.

Id Family Species Isma bsma Ismm bsmm laca baca
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Appendix 2: Continuation.

Id Family Species Isma bsma Ismm bsmm laca baca
sp. 357 1 0 0 0 0 0
sp. 358 1 0 0 1 0 0
sp. 359 0 0 0 1 0 0
sp. 360 0 0 0 1 0 0
sp. 361 0 0 0 1 0 0
sp. 364 0 0 0 1 0 0
sp. 365 Rubiaceae 0 0 0 1 0 0
sp. 366 0 0 0 1 0 0
sp. 367 Araceae 0 0 0 1 0 0
sp. 368 0 1 0 1 0 0
sp. 369 Rubiaceae 0 1 0 0 0 0
sp. 372 Urticaceae Urera sp. 0 0 0 0 0 1
sp. 377 0 0 0 0 0 1
sp. 392 1 0 0 0 0 0
sp. 394 0 0 0 0 0 1
sp. 398 Asteraceae 0 0 0 1 0 0
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