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Abstract

We compared the long-term effects (60 years) of land use practices and short-term effects (5 years) of a hurricane on

forests in pastures, coffee i and forested stands in the Luguillo Mounlains of eastern Puerto
Rico. There was no effect of management practices on species richness of trees and shrubs, nor on species diversity, >.peclcs
evenness, stem density, or basal area. However, there was a strong effect of on tree species

Myrcia deflexa and Palicourea riparia dominated the former pastures, as well as Tabebuiu heterophylla, a species which
naturally invades pastures and wmdl was suhsequenlly established in many of the pasture areas by the USDA Forest

Service. coffee were by Guarea guidonia. Cecropia schreberiana, a pioneer species in
the forest, was almost completely lacking in the old pastures indicating that this species is not an important component of
forest recovery in abandoned pastures in the Luquillo ins. The of Cecropia in coffee and

forest sites was inversely related (o distance from the path of Humricane Hugo (September 1989). Although the recent
hurticane strongly affected the forest, it was unable to erase the signature of land use history on the species composition of
these sites.

Keywards: Abandonment; Coflee plantation; Pasture; Cecropia; Land use istory; Secondary suceession; Tropics

1. Introduction mentary approach is to manage secondary forests to

mainlain biodiversity and sustain timber production

Protecting primary forest is one approach to re- {Wadsworth, 1987; Brown and Lugo, 1990). Under-

duce human effects on tropical forests. A comple- standing the ability of tropical forests 1o regencrate
from human di: is one step for |

management strategies for secondary forests (Bruwn

and Lugo, 1994). However, humans affect tropical

* Corresponding author. forest in many ways and the type of land use can
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strongly influcnce the way in which forests will
recover (Brown and Lugo. 1990. 1994; Aide et al..
1995). Rates of tropical deforestation have increased
dramatically in the last 20 years, but humans have
influenced these ccosystems for centuries. Forests
that were once thought (o be *primeval” are known
to have supported large populations of humans in the
past (Gomez-Pompa ct al., 1987: Bush ct al., 1990;
Bush and Colinvaux, 1994). In many arcas it is
difficult to -attain such a long-term perspective of
recovery duc to the lack of information on the land
use history or because arcas have only recently been
abandoned.

Although the importance of past Jand use. par
larly in ‘old forests™ has been ignored, recent studies
have shown that the type of land use can explain a
large proportion of the variation in forest structure
and composition in temperate (Foster, 199,
and Miller. 1994) and tropical forests (Garcia-Montiel
and Scatena, 1994; Reiners et al., 1994). What aspect
of the forest is most affected by previous use? We
might expect that ecosystem processes, e.g. nutrient
cycling and water retention, might recover faster
than biodiversity and the previous species composi-
tion (Lugo, 1992; Brown and Lugo. 1994). How
long do these signatures of previous land use persist?
The answers to these questions will help us deter-
minc management plans and cvaluate restoration cf-
forts in tropical secondary forests.

Given that previous land use may have a lasting
impact on a recovering forest ecosystem, will the
recovery process be affected by ensuing natural dis-
turbances? Do natural disturbances retard or augment
the recovery process, or arc human cffects so perva-
sive as to resist the effects of the natural disturbance
regime? In the extreme cascs where there has been
overgrazing and soil erosion, and where fires arc
frequently set by humans, recovery will be inhibited
(Gomez-Pompa ¢t al, 1972; Aide and Cavelicr,

1992). More importantly. human land use can. as
result of its effects on the species composition of
forested stands. dctermine landscape patterns of
damage duc to disturbances such as hurricanes (Fos-
ter and Boose, [992).

On the Caribbean istand of Puerto Rico, forest
cover has increased from 15% (including shads
grown coffee) to over 30% during the last S0 years
{Birdsey and Weaver. 1987). After World War 11,
the cconomic basis of Pucrto Rico shifted from
mainly agriculturc to small industries (Dictz. 1986).
This resulted in. the abandonment of agricultural
lands throughout the island. The availability of de-
tailed information on land use, particularly acrial
photographs dating to 1936, provides a unigue op-
portunity to determine the long-term effects of hu-
man impacts on ing forests (Garcia-Mont
and Scatena, 1994: Aide et al., 1995).

We report on the effects of land use and manage-
ment of forest stands in the Luquillo Experimental
Forest (LEF) in eastern Puerto Rico. In particular.
we compare 60 years of forest regeneration in aban-
doned shade coffee plantations to forested areas of
the same age not used for coffee production and to
forest stands in abandoned pastures. We predicted
that coffee pi ions would
quickly and contain a biomass, biodiversity, and
species composition similar to forested arcas because
the shade trees planted with the coffec provide habi-
tat and resources for birds and bats that disperse
seeds of native trees. In contrast, forest regeneration
in pasture d at least for the first 10 years
by the dominance of herbaceous species (Aide et al.,
1995). The slower regeneration in the abandoned
pastures might be refleeted in relatively low species
diversity. In addition to potential differences in rate
of regeneration we were also interested in the effect
that the different land uses would have on the species
composition of the regenerating forests. Cecropia
schreberiana, which becomes abundant following,

1994). However, natural di nmay

the land use signature in arcas that have not been
severely affected (c.g. slash and burn agriculture,
coffee praduction) by p ing the i of
native forest specics. Few studics have addressed
these questions in a tropical setting. but investiga-
tions conducted by Foster and his colleagues in New
England strongly suggest that human impacts often
persist through natural disturbances (Foster et al.,

many natural disturbances in forests of the LEF
(Crow, 1980 Weaver, 1989; Guariguata, 1990), is
virtually absent in recovering pastures aged 10-35
years (Aide et al.. 1995). In the context of a distur-
bance regime dominated by a high hurricanc fre-
quency, we sought (o determine if Cecropia schrebe-
riana would eventually be able to invade the aban-
doned pastures.
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2. Methods
2.1 History of the Luguillo Mountaing

The Luquillo Mountains began 10 be settled by
Europeans in the early 1800s (Wadsworth, 1951;
Scatena, 1989; Garcia-Monticl and Scatena, 1994).
Cattle production, shade coflee, timber extraction,
and subsistence farming were common.on the lower
parts {below 600 m) of the mountains by the latter
part of the century. In 1876, the Spanish declared
large areas of the mountains a crown preserve. In
1898 Spain ceded Puerto Rico 1o the United States
and the former crown preserve becume a US forest
preserve, which was eventually placed under the
authority of the USDA Forest Service. Hurricanes in
1899 and again in 1928, 1931, and 1932 caused
extensive property damage to the area and many
residents abandoned the area. In the 19305, the USDA
Forest Service purchased much of the lower eleva-
tions of the Luquillo Mountains.

Charcoal production, conducted by local residents
under the direction of the USDA Forest Service, was
a major industry in the Luquillo Mountains in the
1940s, for which coffec shade trees (Inga rera) and
other species present in the abundoned coffee planta-
tions (Inga laurina and Guarea guidonia) were the
preferred tree species. Secondary forest management,
including timber improvement, selective harvesting,
and plantation forestry were the other main land use
activities until the 1970s. This included, in the late
1940s and 1950s, the planting of over 225000

Table t
Location of stands sampled in the Luquillo Experimental Forrest,
September 1898 and estimated peak sustained winds as predicted
Boose ¢t at, 1994)

BISLEY
(300m),

€L VERDE
450m).

CUBUY__|
600mY

LUQUILLO EXPERIMENTAL
FOREST

1. Location of study sites in the Luguillo Experioental
Furest, Puerto Rico, und their relasionship to the path of Hurricane
Hugo (18 Seplember 1989).

seedlings of Tabebuia heterophylla in many of the
abandoned pastures (F.H. Wadsworth, personal com-
munication, 1995). This planting was based on re-
sults reported by Marrero (1947) indicating that 7.
h iy i readily in abandoned p:
tures. Hurricane Hugo, with peak winds exceeding
200 km h™' near the eye, passed over the Luquillo
Experimental Forest in September 1989 (Walker et
al,, 1992; Fig. ).

Study sites

We studied three sites (Bisley, El Verde, Cubuy)
in the Luquilio Mountains located between 30 and

Pucrto Rico, and their distance 1o the center of Hurricane Hugo on 1%
by the HURRECON model (E. Bovse, personal communication, 1994;

Land use Latitude Fangitude Distance 10 Peak sustained
Hugo winds
(km) kmh~')
Bisley Forest 15 var 65°45 03" 300 10.2 140
Coftee 18°18'57" 65°44/48" £ 0o 140
Pasture 181923 65°44'40" 261 93 140
Bl Verde 81927 65°48'42" 430 143 126
18191y 65°48'55" 440 148 126
18°19'51" 65°48' 34" 440 137 126
Cubuy 1817347 65°5015" 60U 187 e
181719 65°50°54" 610 198 115
Pasture 181731 65°5106" 570 19.8 115
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600 m and at increasing distances from the path of
Hurricane Hugo (Fig. 1. Table 1). Undisturbed forests
below 600 m are dominated by Dacryodes excelsa.
Manilkara bid and Sloanea b (Brown
et al., 1983). Above 600 m the forest is typically
dominated by Cyrilla racemiflora, Croton poccilan-
thus. and Micropholis garciniaefolia. Cecropia
schreberiana is an important pionecr trec in both
forest types (Crow, 1980; Weaver, 1989).

At each site we located three areas of differcnt
sture, shade coffee, and forested arcas
not used for coffce production. The land use history
of specific areas was determined by interviewing
local residents and reviewing historical documents
(Garcia-Montiel and Scatena, 1994; D.C. Garcia-
Montiel, personal communication, 1993; A.
Estrada-Pinto, personal communication, 1993). All
sites were cross checked with the 1936 aerial pho-
tographs. In the aerial photographs, areas designated
as pastures had less than 10% forest cover. Forest
cover in the coffce plantations ranged from 20 to
50%. Only sites with aver 80% cover were consid-
cred for forest sites. Soils at cach of the sites were
derived from volcanoclastic sandstones and are all
complexes of Zarzal clay, an oxisol, and either Cristal
or Humatas clays. which are ultisols {Huffacker,
1995).

The Bisley arca was purchased by the USDA
Forest Service in 1934 (Scatena, 1989: Garcia-
Montiel and Scatena, 1994), The forested area in
Bisley was a mature stand that had ncver becn
planted in coffee (Garcia-Montiel and Scatena, 1994).
The arca was subject to stand improvement thinning
and selective logging of both D. excelsa and
Manilkara bidentata in the 1940s and 1950s. The
former coffee plantation was located in Bisley exper-
imental watershed No. 2 (Scatena, 1989) and the
pasture -site was located near the former residence
(sce Garcia-Montiel and Scatena, 1994, fig. 2).

The El Verde Tract was also purchased in 1934.
We sampled a forest site that had been selectively
cut prior to the 1930s (USDA Forest Service. unpub-
lished data, 1992). In this area, large (over 50 cm
diameter at breast height (DBH)) D. excelsa (cqual
to about 10% of stand volume) had been removed in
the 1950s following stand improvement thinning in
the 1930s and 1940s (Odum. 1970). The coffec
plantation was located in the area of the El Verde

Field Station. The pasturc site was located approxi-
mately 1.2 km northeast of the EI Verde Ficld Sta-
tion at the upper elevational limit of a large pasturc
that appears in the 1936 air photos.

The forest site at Cubuy was located in the origi-
nal Spanish crown lands, for which there is little
detailed information on land use in the early part of
the century. The crown lands were not surveyed in
the 1930s as were lands eventually purchased by the
USDA Forest Service. The presence of a few indi-
viduals of bamboo ncar our transects and the pres-
ence of a single coffee plant and Hibiscus pernam-
bucenus (a specics cultivated as an ormamental) in
our samples (sec Appendix) indicated that the arca
was not entirely free of human disturbance. This
indicates the area may be near a former homestead
illegally established in the crown lands and aban-
doned sometime before 1936. The coffee plantation
we sampled was located on land purchased in 1937
and, although not actively maintained, local inhabi-
tanls continued to harvest coffee from the site until
the 1950s (A. Estrada-Pinto, personal communica-
tion, 1993). The pasture sitc was located within the
former crown lands near a residence that was just
outside the reserve boundary.

2.3. Sampling and data analysis

Between October 1993 and February 1994, we
sampled trees (over | cm DBH) in four | m X 50 m
belt transects within each land use type. We located
all transects in the center region of the land use area
(ta avoid possible edge cffects) and away from plan-
tations of Swietenia established by the USDA Forest
Service in the 1950s and again in the 1970s. Species
area curves were determined using 40 | m X5 m
quadrats from cach set of transects and gencrated by
taking 500 randomly " ordered  selections of the
quadrats and then taking the average of the 500
randomly gencrated curves (McCune, 1993). Species
diversity among stands was compared using the
Shannon-Weiner index and species evenness was
calculated using the modified Hill’s ratio (Ludwig
and Reynolds, 1988). Species richness. diversity, and
evenness, as well as tree basal area and density were
compared using a two-way ANOVA. Basal area and
density were analyzed using log transformed values.
An ordination among stands was conducted using the
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importance values for each species. Importance val-
ues were calculated using the average of relative
basal area and relative density for each species and,
therefore, ranged from 0 to 100%. Importance values
were arcsin-square root transformed prior 10 analysis.
The ordination was performed using principal com-
ponents analysis on the variance—covariance mairix
(Grieg-Smith, 1983). The number of interpretable
axes from PCA was determined using the recom-
mendations of Jackson (1993).

3. Results

The number of species () varied from only 12 in
the Cubuy pasture to 27 in the Et Verde forest (Fig.
2). The species area curves for the El Verde and
Cubuy site show a similar pattern with § increasing
from abandoned pastures to shade coffee to forested
areas (Fig. 2). The Bisley site (site nearest the path
of Hurricane Hugo), showed a different patiern with
the greatest number of species occurring in the pas-
ture site. Overall, there were no significant differ-
ences in § among land use types (F,, =022, P=
0.81). Similarly, there were no siguificant effects of
land use history on the Shannon—Weiner index of
species diversity (H'; Fig. 3; F,, = 1.38, P=0.35),
the species evenness (E; F,,=2.19; P=023),

Basal. area

Fig. 3. Forest stand characteristics averaged by land usc type. Included arc the Shannon~Weiner diversity index (#°), Hill's modified ratio

for evenness { E), basal arca, and stem density.
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~ B C. schreberiana Pearson correlations coefficients for importance values of spocics
S 04 exhibiting at least onc significant correlation with ordination axcs
S -
» 8 Species Axis Axis I Axis 111
n Tabebuia heterophylla 0836 °° —0.50 ~0.007
o 6 Mureia deflexa 0827 0011 0.134
= Palicourea riparia 0761 0% —0s522
> 4 Guarea guidonia —0927 * 7 —0.229 000
= l Cecropia schreberiana - (L.886 0361 ~0.169
2 2 Pyschotria berteriana  —0863 *° 0278 ~0.3%0
o Sapium laurocerasus  —0834 * ' 0,299
a o Piper ~083L°° 0063

Bisley El Verde -Cubuy

Fig. 4. Variation in stem density (irces ha™') among sites. The
dark portion of each bar represents the density of Cecropia
schreberiana.

hasal area (F,, =1.05, P =0.26). or stem density
(F,, =105, P=0.11). The values of H' ranged
from 2 to 2.5 and values of E for the three land use
categories were all approximately 0.62. Basal area
ranged from 30 m*> ha~' in abandoned pasturcs to
45 m” ha™' in forest and coffee stands. Avcrage
slem density of trees over 1 cm DBH ranged from
about 6000 to over 80 ha™' (Fig. 3).

One effect of the recent hurricane (Fig. 1) was to
increasc in woody stem density in sites near
the hurricanc path (Fig. 4. #,, =903, £ =0.033).
Differences in density among the three sites is par-
tially cxplained by changes in the density of the
pioneer species, Cecropia schreberiana. Differences
among sites in the other components of stand struc-
ture (S, /°, E, and basal arca) were not signifi
(P =10.13-0.26).

Axis 1 of the PCA ordination explaincd 37% of
the variance in specics’ importance values (Table 2)
and gave high positive weightings to T. heterophyvila,
Myrcia deflexa, and Palicourea riparia and high
negative weightings to G. guidonia, Cecropia schre-
beriana, Psvehotria berteriana, Sapium laurocera-
sts. and Urera baceifera. This axis consistently or-
dered the land use types within each site from coffec
to forest to pastures (Fig. 5). Axis Il explained 24%
of the variation and primarily explained differences
in the occurrence of tabonuco (Dacryodes excelsa:
Table 2) and other clements of virgin tabonuco
stands (Manilkara bi Sloanca b iana).
Axis 1. explaining 15.5% of the variance, primarily

cau

Urera baccifera 0800 ©° 0075 -0013

Dacryodesexcelsa  —0.373 0913 °* —0.030
Psychotria bracteata OTRT T —00m -
Stoanca berteriana 0.164

Manilkara bidentata 0.336

Prestoca montana ~0.079

Guarea glabra -0.200

Hibiscus pernambucenis ~ 0.6

Croton poccitanthus — —0.142

Percent variance 378 239 155

scparated sites by the occurrence of the palm
Prestoea montana. This axis (not shown) distin-
guished only among stands at the Cubuy site.

(O coffee | ] Forest

0.6 o ——

/\ Pasture

-0 «n)

-0.8 -0.6 -04 -02 00 02 04 06

Axis 1

Fig. 5. Plot of first and sccond axcs in an ordination (principle
components analysis) of importance values of specics accupying
forest stands with differing land use historics.
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Fig. 6. Distributions of selected specics (importance values range
fram 0 10 100%) by land use and site.

Former coffee plantations were dominated by G.
guidoniu (Fig. 6), a species used as coffee shade.
Inga vera and 1. laurina were not abundant in any of
the former coffee plantations (see Appendix). Coffee
and forest stands at Bisley and El Verde (sites
nearest the hurricane path) were also dominated by
Cecropia schreberiana (Fig. 6), u pioneer tree whose
abundunce increases after hurricanes (Crow, 1980;
Weaver, 1989), as well as by Pyschorria berteriana
(Fig. 6). Abandoned pustures were almost com-
pletely lacking in these species at any elevation. The
tree species T. heterophylla and Myrcia deflexa
dominated the abandoned pastures at all elevations

(Fig. 6). The shrub Palicourca riparia wu:
common in abandoned pastures {Fi
excelsa, Manitkara bidentata (Fig. 6), and Sloanca
berteriana (Appendix) were found most abundantly
in the forested stands at low elevations (Bisley and
El Verde), but not at the high elevation site (Cubuy).
Dacryodes excelsa was also present in pasture:
the low elevation sites.

4. Discussion
4.1, Effects of land management

In this Caribbean forest the “signature’ of previ-
ous land use still exists after 60 years, even after a
hnmwnc severely damaged the forest. Among the
sites we sumpled in the LEF, the effects of human
lund use was reflected in strong differences in the
species composition of the forest stands. There was
no apparent effects of land management practices on
tree species richness, diversity, or evenness, nor
were there any apparent effects on tree density or
basal area.

Coltee s

nds were dominated by (7. guidonia, a
species often found in abundance in active and aban-
doned coffee plantations (Weaver and Birdsey, 1986).
These stands lacked 1 vera and 1. lauring, nitro-
gen-fixing species also associated with the cultiva-
tion of coffee in Puerto Rico. This may reflect
harvesting of Inga for charcoal production in the
LEF in the 19405, activities that we know occurred
in both the Bisley and El Verde sites (Garcia-Montiel
and Scatena, 1994; D.C. Gurcia-Montiel, personal
communication, 1993). Also, . vera is a short-lived
species that does not regenerate well in a forest
understory (Muiiiz-Melendez, 1978). Birdsey and
Weaver (1987) found that the basal area of /. vera
declined following abandonment of shade coffee
plantations, while that of both /. laurina and G.
guidonia increased.

Areas formally in pastures were consistently dom-
inated by two tree species, 7. heterophylla and Myr-
cia deflexa, and the shrub, Palicourea nparm The
high of T. i hylla in
pastures is probably due in p:m to plammg efforts by
the USDA Forest Service in the 1940q and 1950s
(F.H. d h, personal ion, 1993),
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but this species has also been shown to be one of the
first tree species to establish naturally in overgrazed
areas (Marrero. 1947). At the two lower elevation
sites. D. excelsa was also common in pastures.
However. the most striking feature of the pasture
stands near the path of hurricane Hugo was the
scarcity of Cecropia schreberiana. a pioneer tree
that was very abundant in nearby coffee and forest
stands. Psychotria berteriana. a pioneer shrub. was
also rarely found in abandoned pastures at low eleva-
tions.

The forest stand at Cubuy appeared to have sev-
eral important differences which distinguished it from
the tower elevation stands at Bisley and El Verde.
The stand was dominated by Prestoea montana and
Croton poecilanthus, species that are known to be
more abundant at higher elevations in the Luquillo
Mountains (Brown et al., 1983). The forested stand
was chosen because the 1936 air photos indicated
that forest cover was over 80% at that time. How-
ever. as indicated. there was evidence of previous
human occupation. The coffee stand at Cubuy had
many more coffee plants in the understory than any
of the other abandoned coffee plantations, perhaps
due to occasional maintenance and harvesting for
personal consumption by neighboring families (A.
Estrada-Pinto, personal communication, 1993). Fi-
nally, the pasture site was dominated by Syzygium
Jjambos, an introduced ornamental that can form
dense thickets (Little and Wadsworth, 1991). How-
ever. as in the lower elevation sites, the coffee stand
at Cubuy was dominated by G. guidonia and the

pasture supp an d of both

Palicourea riparia and T. heterophylla.

+.2. Hurricane disturbance

Hurricane Hugo struck the LEF on 18 September
1989 with winds exceeding 200 km h™' at the wall
of the hurricane eye, which had a diameter of 25 km.
The strength of the winds declined as the storsd
began to pass over land (Table 1) which was re-
flected in a gradiemt of damage across the LEF
(Boose et al., 1994). At Bisley, over 60% of trees
were broken or uprooted (Basnet et al., 1992) while
at El Verde only 17-20% trees were damaged

ST190S1 03T

the Cubuy site, we observed very little evidence of
hurricane damage.

Overall stem density and the abundance of CU
cropia schreb were lated with p
of the sites to the hurricane in coffee ;md forest
stands. While distance to the hurricane path and
elevation are confounded in our data set. we feel that
the increases in abundance of pioneer species Ce-
cropia schreberiana and Psychotria berteriana in
forest and coffee stands were due to the effects of
the hurricane. The absence of Cecropia sciireberiana
and Psychotria berteriana in pastures near the hurri-
cane may reflect the low stature of forests in the
abandoned pastures and a low frequency of tree
uprooting. resulting in less soil disturbance. Follow-
ing the hurricane at El Verde, most Cecropia schre-
beriana and Psychorria berteriana were found near
soil mounds caused by tree uprooting (L.R. Walker.
unpublished data). In addition, if the soils in the
abandoned pastures are relatively nutrient poor, this
may impede the growth of the nutrient-demanding
pioneer species (Jordan. 1985).

Do the differences that we observed in species
composition among land use types represent stable
assemblages (cf. Ewel. 1980: Reiners et al., 1994)?
The experience in central New England strongly
suggests that widespread deforestation that occurred
in the 1800s p v changea the
of most forests (Foster, 1992; Foster et al 1992).
Bratton and Miller (1994) have recently attributed
differences in the structure of maritime oak forests in
southern Georgia (an area frequently struck by hurri-
canes) to land use patterns dating to the early 1800s.
The abandonment of agricultural lands in the Luquillo
Mountains (Scatena. 1989), provides the opportunity
to determine if the same pattern holds true in a
tropical area.

4.3. Recovery at the ecosystem level

Although the species composition in abandoned
coffee plantations and pastures has been slow to
recover, other forest characteristics have recovered
more rapidly. Tree density and basal area in 60-year-
old abandoned coffee plantations were not distin-
guishable from secondary forests of much greater

{(Walker, 1991; Walker et al., 1992; Zi et
al., 1994). Although damage was not quantified at

A pastures, some of which were
planted with T. heterophylla, also had a similar
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forest structure. Similar forest structure could indi-
cate that the ecosystem properties of the stands of
variable species composition might be similar. Lugo
(1992) has shown that plantations and secondary
forests in the LEF. paired by age and site. exhibit
strikingly similar attributes in terms of biomass dis-
tributions, litter production. and nutrient cycling.
These similarities occurred despite large differences
in the species composition of the overstory. If stands
of differing land management are also similar in
terms of their ecosystem attributes. it would suggest
that ecosystem function recovers more quickly from
human di than species whether
the recovery is aided by management or not.

44 i

for forest

What are the implications of our findings for the
management of secondary forests? The answer de-
pends on whether the goal is reclamation of a forest
with ecosystem properties similar to primary forests
versus restoring the forest to its former species com-
position (Brown and Lugo. 1994). Weaver and Bird-
sey (1986) concluded that abandoned coffee planta-
tions offered many management opportunities, in-
cluding timber harvesting. plantation forestry. and a
variety of agroforestry alternatives. However. if the
goal is to restore abandoned coffee plantations to a
state similar to relatively undisturbed forests (Brown
and Lugo, 1994), our results suggest that a directed
effort to establish such species as D. excelsa and
Manilkara bidentata, which are removed when cof-
fee pl ions are i (Garcia-Montiel and
Scatena, 1994). will be necessary. We have previ-
ously shown that pastures appear resistant to inva-
sion by woody species and impart a selective filter
on the species that are able to establish (Aide et al.,
1995). Our current results indicate that establishment
of T. heterophylla in abandoned pastures can lead to

forest stands with a structure similar to less disturbed
forests in as little as 40 years and attests to this
species” utility in forest reclamation (Marrero. 1947:
Little and Wadsworth, 1991). The apparent ability of
D. excelsa to establish in low ejevation pastures
offers some hope that. if desirable. these areas could
be restored to g similar to disturbed
stands. However. the overall implication is that man-
agement of abandoned pastures in wet tropical sites
require a high degree of intervention to overcome
barriers to forest establishment (Aide and Cavalier.
1994: Aide et al.. 1995) and provide a more natural
species composition.
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Appendix

Species encountered among the nine stands studicd and their importance values. Only specics with importance values of over 17 in at least
one stand are included. Nomenclature follows Little and Wadsworth (1991) and Lintle et ai. (1974)

Species Coffee Forest Pasture
B | EV CB BS . EV CB BS EV CB

Alchornea latifolia 18 0.5 18

Andira inermis 18

Buchenavia capitata [X] 10 06

Casearea arborea 03 47 19 06 14 LS

Casearea guianensis 07 09 43

Casearea sylvestris 13 03 24

Cecropia schreberiana 302 192 70 05

Citrus sinensis

Coffea arabica 03 12 08

Cordia borinquensis 22 09 15 84 A 14

Croton poecilanthus 09 09 200

Dacryodes excelsa 174 16.1 209

Drypetes giauca 06

Faramea occidentalis 26

Guarea glabra 12

Guarea guidonia 265 354 202 95 13 10

Guatieria caribeae 13

Hibiscus pernambucensis 38

Hirtelia rugosa 31

Inga vera 11

Manilkara bidentata 03 1 0.4 102 80 03

Miconia prasina 03 0.9 65 10 18

Miconia racemosa 13

Miconia tetandra 05 11

Myrcia deflexa 23 63 9.0 26

Myreia spiendens 03 04 06 20 10

Palicourea riparia 20 70 n7 11.0 19 22 132 221

Piper balantarum 12 17

Piper glabrescens 59 89 15 04

Prestoea moniana 7.1 82 24 48 106 379 82 13.7

Psychotria berteriana 150 103 46 128 54 09 09 17

Psyehotria bracteata s 13 45 09

Ocotea leucoxvion 53 15 34 26 68 110

Samyda spinulosa 02 14

Sapium laurocerasus 32 09 10 0.4 14

Schefflera morototoni 20 05 25 19 36 ’ 5.1 30 63

Sloanea berteriana 03 29 65

Swietenia macrophylia Lt 17

Syvgium jambos 1.0 19 376

Tubebuia heterophylla a2 105 9.4 96 7

Tetragastris balsamifera 16

Urera baccifera 14 71 04 05

BS. Bisley: EV. El Verde; CB. Cubuy
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