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ABSTRACT

The traditional milpa agticulture system (slash-burn) of the Lacandon Maya people in eastern Chiapas, Mexico has
created and uses a variety of habitat patches including the whole range of seral stages during forest development.
This study examines seed bank attributes in habitats associated with slash-burn agriculture and with the more recent
expansion of grasslands. We estimated the abundance and floristic composition of seeds in the soil from induced
grasslands, milpa fields neighboring early and mature forests, and from secondary forest and mature tropical rain
forest (15 samples by site, 2-3 replicated sites per successional stage). A total of 130 species germinated from the
soil samples. The seeds of late successional tree species were scarce in all the seed soil samples (<2% of the species).
Twenty-five early successional species accounted for ca. 70 percent of all individuals. Soil seed density (but not species
richness) increased as milpas and failows dominated the landscape. Affinity analysis based on presence/absence and
abundance data showed a different soil seed bank composition for the grasslands when compared to that of ail other
successional communities. Our results suggest that current expansion of pastures and agricultural fields modifies seed
deposition and storage patterns in the soil that may alter the process of secondary succession. This compromises both
the regenerating potential of tropical rain forest in the region, and the sustainability of traditional practices and
economic relationships of the Lacandon Maya.

RESUMEN

El sistema de agricultura de roza, tumba y quema de los mayas lacandones genera y hace uso de toda la gama de
estados sucesionales del desarrollo forestal. Este estudio analiza el banco de semillas de comunidades asociadas al
sistema de agricultura trashumante y a la mas reciente ampliacién de pastizales inducidos. Se estimé la composicién
floristica y la abundancia de semillas en el suelo de sitios replicados de pastizales, campos de cultivo de milpa, campos
en barbecho (acahuales), bosques secundarios y selva alta perennifolia (15 muestras por sitio; 2-3 sitios por etapa
sucesional); se incluyeron los bancos de semillas de milpas y acahuales colindantes a areas con extenso disturbio y en
claros dentro del bosque. Un total de 130 especies germinaron de las muestras de suelo al cabo de ocho meses. Las
semillas de arboles de etapas avanzadas de la sucesion fueron escasas en todas las comunidades (<2% de las especies).
Veinticinco especies pioneras contribuyeron con cz. del 70 porciento del total de individuos. La densidad de semillas
en el suelo de milpas y bosques (pero no la riqueza de especies) se incrementd en dreas con mayor abundancia de
milpas y acahuales. El andlisis de afinidad basado en presencia /ausencia y abundancia mostrd que los pastizales tienen
un banco de semillas diferente del resto de los hébitats en la regién. Los resultados sugieren que la ampliacién de
pastizales y campos agricolas favorece cambios en los patrones de aporte y almacenamiento de semillas en el suelo
que pueden alterar los procesos de sucesion secundaria. Esto compromete las posibilidades de regeneracion del bosque
y la sostenibilidad de las practicas tradicionales y relaciones econdmicas de los mayas lacandones.

Key words:  deforestation; disturbance; forest fragmentation; Maya; pioneer species; shifting cultivation; slash-and-burn
agriculture; seedlings; succession; sustainability; weeds.

establishment of pasture for raising livestock (Ewel
1981, Buschbacher ez 2/. 1984, Buschbacher 1986,
Hecht 1993, Toledo & Ordéiiez 1993). The ex-
pansion of grassland and agricultural lands increases
the distance between the forest “‘islands’” while their
-area decteases, and creates an abrupt edge between
the altered habitats and the remaining old-growth
forest stands. These factors may reduce population
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sizes of mature forest tree species, and modify re-
productive and dispersal events that determine the
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regeneration and invasive potential of the relict pop-
ulations (Gémez-Pompa ez a/. 1972; Janzen, 1983,
1986, 1987; Saunders et /. 1990).

The floristic composition, abundance, and turn-
over rate of buried seeds in the soil affect the re-
generation of tropical forests in different ways (Gar-
wood 1989). The recruitment of new individuals
of some tropical trees, mostly early successional spe-
cies, depends, at least in part, on a seed bank that
can remain dormant in the soil until favorable con-
ditions for germination and growth occur (Guevara
& Gomez-Pompa 1972, Cheke e 4. 1979, Gar-
wood 1983, Young ¢z @l. 1987). Weeds in the
seed bank can interfere with tree seedlings and sap-
lings during the earliest stages of forest development
(Kellman & Adams 1970, Kellman 1974; Ewel
1986). However, some herbs, shrubs, and pioneer
trees in the soil seed bank may facilitate the dispersal
and establishment of other more successionally ad-
vanced species by providing food and shelter for
generalist dispersers (Charles-Dominique 1986;
Fleming 1986), and improving or buffering micro-
habitar conditions, like humidity and temperature
(Uhl 1987). After severe disturbance, those plants
recruited from the seed bank may provide some
protection against soil erosion (Uhl ez #/. 1981).

The traditional land use pattern of the Lacandon
Maya people involves the harvest of a diverse array
of plant and animal products along a successional
sere from milpa fields and grasslands through trop-
ical rain forest (Nations & Nigh 1980, March 1987).
The milpa fields incdude mixed crops of maize,
beans, and squash, and are abandoned after 23
years of continued cropping due to decreasing har-
vests and weed invasion. Most of the Lacandon
milpa fields (0.5-1.0 ha) are established in the
vicinity of dwellings or close to fallow stands (Nations
& Nigh 1980). However, some milpa fields are
established in newly cleared areas, and some pastures
were introduced in the last two decades replacing
milpa fields and fallows. The resulting complex
habitat mosaic provides an opportunity to evaluate
the sustainability of a land use system involving
milpa agriculture and extraction of forest products
from nearby successional and mature stands.

The objective of this study is to gain under-
standing on the interactions between a traditional
land-use system and the regeneration potential of
tropical rain forest species. We examine the abun-
dance and floristic composition of soil seed banks
in replicated successional stands ranging from milpa
fields and pastures through fallows and tropical rain
forest in the Selva Lacandona region, Chiapas, Mex-
ico. In addition, we document the seed bank dif-
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ferences between similarly-aged communities sut-
rounded by early or late successional communities.

STUDY SITES

The study was conducted in the Lacanja river plains,
on the NE border of the Montes Azules Biosphere
Reserve, Selva Lacandona, Chiapas, Mexico
(16°46'N, 91°08'W, 350—400 m elevation). The
climate is warm-humid with an average annual tem-
perature of 25~27°C, and an annual rainfall of 180~
220 cm (Garcia 1987). Most of the precipitation
(>80%) occurs between June and October. The
rendzinic soils are detived from limestone, and sup-
port associations of Tropical Rain Forest and Lower
Montane Rain Forest (Pennington & Sarukhin 1968,
Breedlove 1981, Meave del Castillo 1990). Phys-
iognomic attributes and information by local farm-
ers were used to select the study sites. Most of the
best preserved forest stands were close to the Bo-
nampak archaeological site. Secondary forest stands,
grasslands, and milpa fields were concentrated in
the vicinity of the Lacandon Maya villages of Bethel
and Lacanji-Chansayab.

Three replicate sites were chosen for each of the
following habitat types, except that only two sites
were accessible for types 1 and 4:

1. Mature forest. The canopy tree species (40—50
m high) include Brosimuam alicastram, Calo-
phyllum brasiliense, Dialium guianense, Guat-
tevia anomala, Poulsenia armata, Terminalia
amazonia, and Swietenia macrophylla. Sam-
pling sites were located at least 500 m from
milpa fields or early secondary forests.

2. Mid-successional forest. Canopy trees (2025
m high) include Ampelocera hottlei, Bursera
simaruba, Dendropanax arboreus, and Spondias
mombin. The understory tree layer is dominated
by Rinorea hummelii. Sampling sites were lo-
cated at least 500 m from severely disturbed
habitats.

3. Tree-dominated fallow with four to eight years
after abandonment of the milpa field. Canopy
tees include Belotiz mexicana, Cecropia ob-
tusifolia, Heliocarpus donnell-smithii, H. ap-
pendiculatus, and Ochroma lagopus.

4. Shrub-dominated fallow with two to four years
after the last milpa crop and surrounded by
mid-successional and mature forests. Domi-
nant shrubs include Piper aduncum, P. aero-
ginosibaccum, P. auritum, P. hispidum, and
Podachaenium eminens.

5. Shrub-dominated fallow surrounded by fallows
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and milpa fields. Dominant species are similar
to those of the previous shrub-dominated com-
munity.

6. Old-Field with one to two years after milpa
abandonment; annual herbs and vines ptedom-
inate (Mervemia tuberosa, Rivina humilis, Mi-
kania spp.).

7. Milpa field surrounded by mature forest. The
sites were cleared for the first time in December-
January, burned in April, and sowed in May
before soil core sampling.

8. Milpa field surrounded by fallows and milpa
fields. The fallows were cleared in March,
burned in April, and sowed in May before soil
core sampling.

9. Grassland. Maintained through biennial fires,
and almost completely dominated by the Af-
tican grass Cynodon nlemfuensis.

10. Botder between new milpa field and marure
forest.

11. Border between old milpa field and shrub-
dominated fallow.

METHODS

Son sampLinG.—In June 1990, before the end of
the dty season, 15 samples of sutface soil (30 x
30 cm, and 10 cm deep) were obtained every 5 m
along three transects in each replicated site. The
uppermost litter strata (approximately 0—5 cm deep)
and the subjacent soil (5~10 ¢m deep) from the
mature and mid-successional forests were collected
separately. Soil samples between cultivated fields
(milpa) and adjacent forested stands were obtained
at 0, 5 and 10 m on each side along three transects
perpendicular to the botder.

Samples were air-dried, sieved (0.25 cm?) to
remove litter and rocks, and weighed. Seeds retained
by the sieve were returned to the sample. We ob-
tained and weighed soil subsamples of 350 cm?
from each sample. The soil subsamples were taken
to the ‘Jardin Botanico Faustino Miranda’’, Tuxtla
Gutiérrez, Chiapas (530 m elevation) for seed ger-
mination (August 1990 through April 1991) under
a temperature regime similar to that prevailing in
the original habitats. All soil subsamples from the
same replicated site were laid individually (<1 ¢m
depth) on a river sand bed (10 cm depth) in the
same bench (150 x 75 x 11 cm). The benches
were kept outdoors and were divided with plastic
wire into 45 rectangles (15 X 12 cm). The sand
bed was watered during five months before these
germination tests to remove non-soil seeds. The soil

Quintana-Ascencio, Gonzalez-Espinosa, Ramirez-Marcial, Dominguez-Vasquez, and Martinez-icd

subsamples were watered daily and covered with
nylon and wire mesh.

Emerging seedlings were identified (to genus,
species or morphospecies), counted, and removed
every two weeks during the first month, and then
at monthly intervals. Seedling evaluation ceased af-
ter no new individuals were observed to emerge in
two consecutive months. Species identification was
achieved by comparing seedlings with specimens
collected in the study sites. Voucher specimens were
deposited at the CIES herbarium at San Cristdbal
de Las Casas, Chiapas. Seed density of each sample
was estimated by dividing number of seedlings ger-
minating per subsample by estimated area of the
subsample. The latter was calculated by multiplying
area of sample (0.045 m? for forest samples and
0.09 m? for remaining sarples) by the proportion
of sample analyzed (dry weight of subsample /dry
weight of sample). Forest seed density estimates
were adjusted (X2) to homogenize data for theit
analysis.

Anavrysis—The regional pattern of diversity of the
seedlings emerging from the soil samples was eval-
uated with affinity analysis (Istock & Scheiner 1987,
Scheiner 1992). The Affinity Analysis Program ver-
sion 4.3 provides Jaccard (absence/presence) and
percent similarity (abundance) indices for the data,
and computes affinity values using a standardized
Wilcoxon signed-rank test. The position of the points
in the plot of mean affinity vs. mean similarity shows
the extent to which each community represents the
overall diversity of the total sample. “Modal sites”
are those with high mean similarities, high mean
affinities, and having more common species
throughout the landscape. “Outlier sites” appear
in the left lower corner of this plot. They have few
species or only locally common species. Standard
errors of estimates are calculated with the jackknife
procedure. Mosaic diversity, the slope of the plot
between mean affinity vs. mean similarity, depends
on the average and dispersion of the pairwise sim-
ilarities among communities, and the position of
each point relative to all other points simultaneously
(Scheiner 1992). The mosaic diversity value was
compared with distributions generated with boot-
strap procedures (50 simulations). Null hypothesis
of random reshuffling included constraints on matrix
total, abundance or frequency of species in each site,
and abundance or frequency of species actoss all
sites (Scheiner 1992).

We used Nested-ANOVA and Kruskal-Wallis
tests (Zar 1984, Sokal & Rohlf 1981) to compare
the number of seeds and number of species among
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FIGURE 1. Mean species number (+1 SE, N = 2-3 sites) in the soil seed bank of different stages of the successional
gradient of tropical rain forests at the Selva Lacandona, Chiapas, Mexico. Grassland: G; Milpa field surrounded by
fallows and other milpa fields: Mm; Milpa field surrounded by mature forest: Mf; Old-Field: O; Shrub-dominated
fallow surrounded by fallows and milpa fields: Sm; Shrub-dominated fallow surrounded by mid-successional and
mature forests: Sf; Tree-dominated fallow: T, Mid-successional forest: Y; Mature forest: F, u and 1 indicate upper
and lower soil strata, respectively.

habitat conditions. The gradients of species richness  habitats showed the highest species richness (range
and seed number in the borders were analyzed with ~ was 32 to 52 species), which decreased in the lower

Spearman correlation tests (Siegel 1956). soil strata of more advanced communities (14—27),
and in the soil of milpa fields and grasslands (13—
RESULTS 26). Thete were mote species in the upper soil layer

of the mid-successional and mature forests than in

FLORISTIC COMPOSITION AND SPECIES RICHNESS—A  the lower one.
total of 130 vascular plant species from at least 32 The number of species along the transect be-
families germinated from all samples throughout tween milpa and fallow showed no trend (Fig. 2a).
the eight-month period. Eleven morphospecies could  The 20 m wide border between milpa fields and
not be assigned to any family (see Appendix). As- mature forest had fewer species than that between
teraceae (22%), Poaceae (10%), Fabaceae (6%), milpa and fallow (H = 5.2, N = 30, five replicated
Euphorbiaceae (6%), Rubiaceae (5%), and Sola-  distances X three replicated sites X two border
naceae (5%) accounted for about half of all species.  types, P < 0.05). Species number decreased from
Herbs (55%), vines (5%), and eatly successional the mature forest side (12 to 10 species) towards
shrubs (15%), and trees (9%), accounted for most  the milpa (6 to 4 species; Spearman correlation, #
of species in all habitat conditions. The relative = 4.8, d.f. = 13, P < 0.001; Fig. 2b).
abundance of seeds of early successional trees and
shrubs, such as Belotia mexicana, Cecropia spp., SeeD Denstty.—Total density of seeds in the soil
Cordia alliodora, Heliocarpus spp., Piper spp., and  differed among habitat conditions (730,829.68 MS
Trema micrantha, tended to increase with habitat among community types, 161,334.73 MS among
age, while the seeds of weedy herbs decreased (see sites within community types, 21,238.46 MS with-
Appendix). in sites, 10, 19 and 420 degrees of freedom re-

The number of species in the soil seed bank spectively, N = 450 samples, F community type =
differed among habitat conditions (Kruskal-Wallis  4.53, P < 0.002, F sites = 7.60, P < 0.001,
test; H = 19.3, N = 25 replicated sites, P < 0.02, forest soil layers separated; Fig. 3). The highest seed
forest soil strata pooled; H = 22.2, N = 30, P < abundance was found in the shrub-dominated fal-
0.02, forest soil strata separated; Fig. 1). Fallow low surrounded by fallows and milpa fields (4600
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FIGURE 2. Mean species number (£1 SE, N = 3 sites) in the soil of the border between (a) milpa fields and

fallows, and (b) milpa fields and mature forests. Negative values are distances from the edge towards the milpa side;
positive values indicate distances to the forest or fallow sides.

seeds m~2), and the lowest in the grassland (969
seeds m~2), the mature forest (715 seeds m~2, forest
soil strata pooled), and the milpa field surrounded
by forest (437 seeds m~2). One-third of the species
in the soil samples of the mid-successional and ma-
ture forests were restricted to these communities and
had very low densities, including shrubs and trees
such as Ficus sp., Psychotria spp., Spondias mombin,
and Zanthoxylum kellermanii.

Twenty-five early successional species accounted
for ca. 70 percent of the total number of individuals
in any habitat condition, including the trees Cecropia
spp. (mostly C. obtusifolia and some C. peltata),
Heliocarpus appendiculatus, H. donnell-smithii,
Trema micrantha, the shrubs Piper anritum, P. bis-
pidum, Podachaenium eminens, and the herbs Aca-
lypha diversifolia, Baccharis trinervis, Borveria ocy-
motdes, Eupatorium spp. (3 undetermined species),
Euphorbia hypericifolia, Iresine spp., Solanum sp.,
S. .amevicanum, Mikania aromatica, M. cordifolia,

M. micrantha, Neurolaena lobata, Witheringia nel-
sonii, and Species 59 (Asteraceae). All these species
showed different abundance among the several hab-
itat conditions (Kruskal-Wallis test, P < 0.001 in
all cases). Among these generally abundant species,
only Iresine spp., S. americanum, and Species 59
were well represented in grasslands (see Appendix).
Cecropia spp., Solanum sp., S. americanum, Mikania
micrantha, Piper auritum, P. hispidum, and Species
59 were found in all successional stands. Among
tree species, Cecropia spp., Heliocarpus spp., and
Trema micrantha, had their highest seed density in
mid-successional forests and fallows.

Seed density was homogeneous along transects
between milpa fields and fallows (# = 0.81, d.f. =
13, P > 0.05, Fig. 4a). Seed abundance at the
edge of the old-growth forest with the newly open
milpa field was higher (2500—4000 seeds m~2) than
in similarly aged forested stands located away from
milpa fields and fallows (700—1300 seeds m~—2,
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FIGURE 3. Mean seed number (=1 SE, N = 2-3 sites) in the soil of different successional stages of tropical rain
forests at the Selva Lacandona, Chiapas, Mexico. Community identification as in Figure 1. Percent of seeds of woody
species: continuous line. Percent of seeds of herb species: broken line.

Figs. 3 and 4b). Seed density decreased from ca.
4000 seeds m~2 on the old-growth forest side to
less than 1,000 seeds m~2 in the new milpa field
(+ = 3.44, d.f. = 13, P < 0.01, Fig. 4b).

REeGIoNAL DivErsiTy.—Observed mean similarities
(0.27 £ 0.04 for Jaccard and 0.25 £ 0.05 for
petcent similarity) were significantly different from
“random communities” (P < 0.001; using Z sta-
tistic) when muatrix totals (0.12 + 0.002 and 0.06
+ 0.003) or site totals (0.11 = 0.001 and 0.07
+ 0.002) were held constant. However, they were
not different when species totals were constrained
(0.27 + 0.001 and 0.22 £ 0.005). Observed
mosaic diversities (4.6 = 0.08 and 3.2 = 0.07,
respectively) were significantly different from those
of any of the “random communities”. Mosaic di-
versity was intermediate when species totals were
constrained (6.96 + 0.46 and 4.68 = 0.20), and
highest when site totals (8.11 £ 0.24 and 9.16 +
0.52) or matrix totals (9.3 = 0.35 and 9.45 =+
0.7) were held constant.

Seed assemblages from fallows and upper.soil
strata of old-growth forests, which had the highest
abundance and species richness of pioneer herbs,
shrubs and trees, could be identified as modal sites
(Figs. 5 and 6). Soil seed banks of pastures had the

least similar seed flora, and were consistently iden-
tified as outliers (more than 1 s.d. from the mean
affinity). The relative position of seed assemblages
from the upper and lower soil layers of the old-
growth forests suggests a flotistic contrast between
superficial and buried seed banks (Figs. 5 and 6).

DISCUSSION

A considerable body of work has accumulated about
tropical forest succession following natural gap for-
mation in preserved forests (see for example Gomez-
Pompa et /. 1991). However, the regeneration,
interference, and facilitation potential of the weedy
flora, which may predominate in the soil seed banks
of disturbed habitats, has received less attention,
and this mostly in relation to slash and burn agri-
culure (Kellman 1974, Ewel 1981, Uhl ez 4/
1981, Uhl 1987, Young ez al. 1987, see review
by Garwood 1989 and other references cited there-
in). Gaining insight about the effects of landscape-
level disturbance during the restoration processes in
highly fragmented habitats becomes a high priority,
as most neotropical forests are being replaced by
pasture lands, plantations, and early secondary forest
vegetation (Janzen 1986, 1987).

Short-term milpa agriculture is one of the most
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frequent land-use systems to be established by poor
farmers immediately after clearing of old-growth
tropical rain forests (Nye & Greenland 1960).
However, sustained-yield milpa agriculture, as prac-
ticed by traditional lowland Maya peasants, is as-
sociated with the maintenance of a wide array of
diverse successional communities at various stages
of recovery (Cowgill 1962, Nations & Nigh 1980,
Mauricio Leguizamo ez @/. 1984, Levy-Tacher o¢
al. 1991). Milpa abandonment is forced by soil
nutrient depletion, and a progressive infestation by
a weedy flora which may remain dormant in soil
seed banks for long periods (Nye & Greenland
1960, Kellman & Adams 1970). In this study, the
species richness and density of seeds in the soil
increased from early successional open communities
to a peak in fallows 4—12 years old, and decteased
again in late seral communities.

Los Tuxtlas tropical rain forest reserve in south-

ern Veracruz (Mexico) includes 600 ha of undis-
tutbed forest mostly surrounded by pasture and
permanent agriculture lands. In soils from this iso-
lated forest, Guevara & Goémez-Pompa (1972) ob-
tained a similar unimodal pattern with 2672 seeds
m~2 in a two-month old secondary growth stand,
4051 seeds m~2 in a milpa-detived 5-yr fallow, and
only 689—862 seeds m~2 in two old-growth forest
stands. Young ez #/. (1987) found the same general
pattern of seed abundance in the soil in a succes-
sional sere at Turrialba, Costa Rica. They proposed
as its causes the initial effect of fire, the subsequent
accumulation of dormant seeds of pioneer species
in fallow stands, the loss of their viability in mid-
successional and mature forests, and their replace-
ment by non-dormant seeds from late successional
shrub and tree species (Young ez 4/. 1987).

The relationship between seed abundance and
vegetation age is affected by the successional attri-
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Communities with affinity value above the upper line have more than 1 SD above the mean and are defined as
modal; communities with affinity value below the lower line have more than 1 SD below the mean and are defined
as outliers.

Percent Similarity

o

@
i
1

e
g
+

n)

[l

(=2}

I
—t
[ J

©
2
t
> [ ]

Mean affinity
9 [=]
w -

$ t

[ ]

(=)
N
1
T

o t t + + t {
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Mean similarity

FIGURE 6. Affinity Analysis graph for abundance data on seeds in the soil of successional stages of tropical rain
forests at the La Selva Lacandona, Chiapas, Mexico. Community identification as in Figure 5.
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butes of the surrounding landscape patches and the
complexity of the regional mosaic. Purata (1986)
found that old-field and faliow succession at Los
Tuxtlas, Veracruz, is influenced by the floristic com-
position and disturbance regime of neighboring veg-
etation. In our study sites, the density of seeds in
the soil of all kinds of seral stages increases as dis-
turbed habitats dominate the landscape; however,
no trend was found for species richness. Milpa fields
established in recently cleared old-growth forest show
a lower number of seeds (437 seeds m~2, 17-21
species) than those milpas surrounded by fallows
and agricultural areas (1562 seeds m~2, 16-26
species). Also, the seed abundance of young fallows
bordering forest stands (3421 seeds m~2) was lower
than those close to milpa fields, grasslands, and other
fallows (4603 seeds m~2), indicating that farmers
can avoid weed infestation by clearing mature forest.
The abundance of buried seeds in mature forest
stands located far away from agricultural lands was
lower (1339 seeds m~2) than in similar stands bor-
dering with milpa fields (2500—4000 seeds m~2).
In the heavily disturbed Belize River Valley, Kell-
man (1974) found higher seed densities in soils
from permanently cultivated fields (7623 seeds m—2),
grasslands (5226 seeds m~2), and eatly (4-yr; 4524
seeds m~2) to late fallows (20-yr, 10171 seeds
m~2). These data suggest that seeds of weeds may
increase in the soil as deforested areas become more
widespread and permanent.

The establishment of pastures for raising live-
stock is the main cause of deforestation in tropical
America (Ewel 1981, Buschbacher er #/. 1984,
Buschbacher 1986, Hecht 1993). Affinity analysis
considering the presence /absence and abundance of
species in our data showed the contrasting com-
position of seed banks in the soil of grasslands from
those of all the other successional communities. This
result suggests that the persistence and expansion
of grasslands would provoke a severe impoverish-
ment of soil seed floras in neotropical regions.

The seeds of late successional trees were scatce
in the soil seed banks from all habitat types in the
landscape (<2% of the species in any of our study
sites). Previous studies have shown short longevities
for the seeds of primary tree species common in the
Selva Lacandona region (Moreno-Casasola 1976,
Vazquez-Yanes & Orozco-Segovia 1984). In a re-
lated study we observed the seasonal astival of seeds
and the occurrence of seedlings of many primary
species in the same old-growth forest stands (Cat-
rillo-Arreola, 1992, Quintana-Ascencio & Carrillo-
Arreola, pers. obs.), suggesting that their regener-
ation depends on germination of recently released
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seeds and the periodical renewal of a reserve of
immature individuals (Brokaw 1985).

Pioneer tree species contributed most of the
seeds in fallows and mature forests, but their abun-
dance decreased markedly in open communities.
Seeds of pioneer and late secondary tree species
buried in soil often have longer viability and dor-
mancy than primary species (Vazquez-Yines &
Smith 1982, Garwood 1989, Vazquez-Yines &
Segovia 1984, Pérez-Nasser 1985, Orozco-Segovia
1986). However, Alvarez-Buylla & Martinez-Ra-
mos (1990) showed that the regeneration of Cec-
ropia obtusifolia, a common neotropical early suc-
cessional tree species, may rely mostly on recently
arrived seeds. Although C. obrusifolia seeds have
the ability to remain dormant for several years (Véz-
quez-Yanes 1976, Vizquez-Yanes & Smith 1982),
they usually suffer high death rates under field con-
ditions which lowers their contribution to the bank
of viable seeds in the soil (Martinez-Ramos & Al-
varez-Buylla 1986, Alvarez-Buylla & Garcia Bat-
rios 1991). The abundance of many pioneer tree
seeds in the soil of forested tropical lowland com-
munities may be sustained by the massive seed
production typical of these species (Alvarez-Buylla
& Garcia Barrios 1991).

The Selva Lacandona represents some of the
northernmost, more extensive, and best preserved
remnants of tropical rain forest in Mexico and Cen-
tral America. Most of the pristine habitats on the
Mexican side ate included in the Montes Azules
Biosphere Reserve. As with many neotropical re-
serves, most of these forests are surrounded by ex-
tensive distutbed habitats (Hartshorn 1983, Janzen
1987). The results of this study suggest that the
current expansion of pastures and agricultural fields
in the Selva Lacandona modify soil seed bank char-
acteristics. The resulting changes in the pattern of
seed deposition and storage in the soil may alter the
process of secondary succession. Competition with
increasing numbers of weeds may decrease rates of
establishment of tree seedlings in recently aban-
doned fields and fallows (Uhl 1987), while the
dedlining abundance of early successional tree spe-
cies, presumably providing necessary microhabitat
conditions for the establishment of late successional
tree species, may hinder recovery of mature forest.

The traditional Maya milpa system takes ad-
vantage of successional processes that replenish soil
nutrients and eliminate competitive plants (Collier
1975, Hernandez-Xolocotzi 1993). However, these
conditions only occur if rather long fallow periods
are involved (>20-25 yeats). This study shows that
short forest return times may result in increasing



weed abundance, and as a consequence, decreasing
harvesting rates (Bye 1993). The widespread re-
placement of forest and agricultural fields by pas-
tures is provoking vegetation changes, including the
invasion of exotics and the decline of most woody
species. This alteration seems to compromise not
only the regenerating potential of tropical rain forest
in the region, but also the sustainability of tradi-
tional practices and economic relationships of La-
candon Maya farmers.
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Soil Seed Banks
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