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ABSTRACT

Tropical secondary forest and agroforestry systems have been identified as important refuges for the local species diversity of birds and other animal groups, but little is
known about the importance of these systems for terrestrial herbs. In particular, few studies report how the conversion from tropical forest to technified cacao plan-
tation affects the species richness and the community structure of herbs. We conducted surveys in 43 cacao plantations along the border of the Lore Lindu National
Park in Central Sulawesi, ranging from agroforests to technified cacao, categorizing the plantations as rustic cacao, planted shade cacao, and technified cacao. We
recorded 91 herb species. Of the 74 species determined to species level, 21 were also found in natural forests, while 53 were recorded only in agricultural habitats.
Araceae was the most forest-dependent plant family while Asteraceae included the highest number of nonforest species. Overall, the presence of forest species was
confined to moderately intensively managed rustic and planted shaded plantations. Distance from the forest, which has been identified as a crucial parameter for
the diversity and composition of other taxa in cacao agroforests, only played a minimal role for herbs. Our study suggests that native forest herbs maybe more
vulnerable to forest conversion than animal groups. The intensification of cacao plantation management increases the presence of weedy species to the detriment of
native forest species.
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IN THE FACE OF ONGOING TROPICAL FOREST DESTRUCTION AND DEGRA-

DATION, secondary forests and agroforestry systems are becoming

increasingly important habitats for tropical biodiversity (Perfecto &

Vandermeer 2008). Cacao and coffee plantations, in particular, of-

ten retain a tall canopy of mixed tree species and are therefore con-

sidered to structurally resemble natural forests to some degree,

providing important habitats for birds (Sodhi et al. 2005, Clough

et al. 2009), amphibians and reptiles (Wanger et al. 2009), bats

(Faria et al. 2006), bryophytes (Ariyanti et al. 2008), and trees
(Zapfack et al. 2002, Sambuichi & Haridasan 2007). Different an-

imal and plant groups, however, react differently to habitat factors

and are therefore represented idiosyncratically in agroforestry sys-

tems (Steffan-Dewenter et al. 2007, Kessler et al. 2009). A full

assessment of the conservation potential of agroforestry systems

thus needs to account for as many taxonomic and ecological groups

as possible.

Ground-living herbaceous plants have largely been ignored in
biodiversity assessments of agroforestry systems, even though herbs

can make up a considerable proportion of plant diversity in tropical

forests (Gentry & Emmons 1987) and also provide food or struc-

tural habitats for a wide range of animals (Bos et al. 2007b, Höhn

et al. 2009, Wanger et al. 2009). Furthermore, herbs may act as

direct competitors to cultivated plants and act as reservoirs for

pathogens and herbivores (Entwistle 1972, Siebert 2002). To our

knowledge, herbs in cacao agroforestry systems have only been cur-
sorily studied in Brazil (Faria et al. 2007), Cameroon (Bobo et al.
2006), and Indonesia (Steffan-Dewenter et al. 2007, Ramadhanil

et al. 2008). These studies have shown that the abundance and di-

versity of terrestrial herbs is often higher in agroforestry systems

than in natural forests. Many herbaceous plants in agricultural sys-

tems, however, are widespread, weedy, and often alien species

(Backer 1973), and the conservation value of agroforestry systems

to native species is unknown. The importance of flowering herba-
ceous plants has not been explicitly studied in cacao plantations,

though their importance for increasing the presence and diversity of
Received 18 March 2010; revision accepted 24 October 2010.
1Corresponding author; e-mail: daniele.cicuzza@systbot.uzh.ch

BIOTROPICA 43(6): 755–762 2011 10.1111/j.1744-7429.2010.00741.x

r 2011 The Author(s) 755

Journal compilation r 2011 by The Association for Tropical Biology and Conservation

mailto:daniele.cicuzza@systbot.uzh.ch


pollinators has been documented in coffee plantations (Klein et al.
2003).

The composition and diversity of biotic communities in agro-

forestry systems depends on a wide range of factors, including dis-
tance from natural forest (Perfecto & Vandermeer 2008),

management practices (Bos et al. 2007a, Ariyanti et al. 2008, Phil-

pott et al. 2008), and canopy composition and structure (Perfecto

& Vandermeer 2008). Distance from the natural forest has been

often identified as an important parameter in determining the di-

versity and composition of the assemblages, suggesting that dis-

persal from the forest is crucial and that many populations found in

the agroforestry systems may be non-self-sustaining sink popula-
tions (Sambuichi & Haridasan 2007, Sonwa et al. 2007, Sporn

et al. 2007). Plantations with cultivated and native trees have been

highlighted as ecosystems that harbor a variety of niches suitable for

several groups of animals (Faria et al. 2007, Abrahamczyk et al.
2008, Höhn et al. 2009, Wanger et al. 2009). Cacao intensification

alters tree species composition (Rice & Greenberg 2000), modify-

ing light intensity and air humidity, and consequently changing the

ecological characteristics which in turn affect the abundance and
community composition of ants (Kaspari & Weiser 2000, Philpott

& Armbrecht 2006).

Cacao agroforestry systems can be divided into three manage-

ment groups: rustic cacao, planted shade cacao, and technified ca-

cao (Rice & Greenberg 2000). The so-called ‘rustic cacao’

occurring in many tropical countries is characterized by the plant-

ing of cacao trees beneath thinned, primary, or old secondary forest.

The next level of intensification is ‘planted shade cacao’, which are
traditional polycultural systems with mostly planted shade trees for

timber or local fruit production. In our specific study, this category

presents at least five species of planted trees in an area of 2500 m2.

The last category is ‘technified cacao’, where the shade is provided

by one or few planted species (Table 1). These are usually fast

growing, nitrogen-fixing legumes such as Cassia, Gliricidia, and

Erythrina. Final management intensification leads to the removal of

trees for full sun production. A similar vegetation management gra-
dient, ranging from the presence of tropical forest trees to planted

monocultures has been also documented in coffee (Perfecto &

Snelling 1995, Moguel & Toledo 1999).

The Malaysian region, located between mainland Asia and

Australia, contains one of the richest tropical rain forest ecosystems,

with over 41,000 vascular plant species recorded (Myers et al. 2000,

Roos et al. 2004, van Welzen et al. 2005). Deforestation rates in the

region exceed 1 percent per year (Laurance 2007), and in Indonesia
even increased from 2.3 percent during the period 1990–2000 to

2.7 percent in 2000–2005 (Koh 2007). A large part of forest con-

version in Indonesia is for the establishment of oil palm plantations,

but forest conversion to cacao plays a large role in certain regions

(ICCO 2008). Currently, Indonesia is the third largest cacao pro-

ducer in the world (ICCO 2008). Within Indonesia, Sulawesi is a

mid-sized island, composed of four peninsulas with a wide variety

of geological substrates and vegetation types (Cannon et al. 2007).
Over 5000 vascular plant species, including 2100 woody species of

which almost 15 percent are endemic, have been recorded on the

island so far (Kessler et al. 2005, Cannon et al. 2007, Culmsee &

Pitopang 2009). Botanical collecting intensity is very low and geo-

graphically uneven, so that many more species are expected to oc-

cur, and no species list of herbs is available at present.

This paper explores the diversity and composition of herb as-
semblages in cacao plantations in two valleys surrounding Lore

Lindu National Park in Central Sulawesi (Fig. S1). The main ob-

jectives were to determine: (1) the taxonomic composition and di-

versity of herb flora in the cacao plantations; (2) which local and

landscape variables influence the composition and diversity of the

herb assemblages; (3) the contribution of forest and open country

species to the above patterns; and (4) the role of cacao agroforestry

systems for the conservation of native herbaceous forest species in
the study region.

STUDY SITE.—The study was conducted in the Kulawi and Palolo

valleys, at the northern and the western sides, respectively, of Lore

Lindu National Park, Central Sulawesi (Fig. S1). Elevations of the

study sites range from 400 to 1000 m. Climatic seasonality is not

pronounced, with a monthly average of over 100 mm of rainfall,

although in some years monthly values can be far lower (Whitten
et al. 1987). Minimum temperatures range between 121C and

171C, while maximum values range from 261C to 351C. The nat-

ural vegetation in the study area is evergreen tropical forest domi-

nated by the families Anacardiaceae, Burseraceae, Guttifereae,

Lauraceae, and Sapotaceae (Whitmore & Sayer 1986, Kessler et al.
2005, Culmsee & Pitopang 2009). Logging is common outside and

on the margins of the national park and has led to widespread de-

forestation and forest degradation (Belsky & Siebert 2003). More
than 7500 ha of cacao plantations have been established in and

around the national park starting in the 1980s (Erasmi et al. 2004).

Shade trees in the cacao plantations are either remnant trees from

the native forest; mixed stands of planted trees such as candlenut

Aleurites moluccana (L.) Willd., rambutan Nephelium lappaceum L.,

avocado Persea americana Mill., langsat (longan) Lansium domesti-
cum Correa, and durian Durio zibethinus Rumph. ex Murray; or

species-poor stands of the leguminous trees Gliricidia sepium (Jacq)
Kunth ex Walp. and Erythrina subumbrans (Hassk.) Merr. (Kessler

et al. 2005).

FIELD SAMPLING.—Plantations were distributed across two valleys

(22 in Kulawi and 21 in Palolo) differing in shade intensity and

shade tree composition, as well as distance from the forest margin

and elevation, so that the full range of environmental factors was

covered (Clough et al. 2009). In each plantation we established two
40 m� 40 m plots, which were rented from the farmers. Within

each such plot we set apart a 5 m� 5 m plot for our herb survey.

We sampled all the herbaceous plants in the study plots in October

and November 2007.

All terrestrial herb species were recorded and average height

and total cover (in classes: 0–1%, 1–5%, 5–10%, 10–20%,

20–40%, 40–60%, 60–80%, 80–100%) estimated. Voucher spec-

imens were collected for all species with at least seven duplicates and
deposited in Herbarium Celebense, Palu (CEB), Herbarium Bog-

oriense, Bogor (BO), and the herbaria of Göttingen (GOET),

Leiden (L), Zürich (Z), and UC Berkeley (UC, ferns only).
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Identifications were done at the GOET and Leiden (L); species
difficult to determine were sent to specialists for identification. In-

formation on species distribution was obtained from the Flora

Malesiana series (e.g., 1981, 1991, 1998), from the botanical data

base Tropicos (http://www.tropicos.org) and the online herbarium

of Leiden (http://www.nationaalherbarium.nl/virtual/).

In each plot, we recorded the following environmental vari-

ables: elevation, slope, distance to natural forest and to the nearest

river, and tree species number. Soil samples were collected at the
edge of each plot and analyzed for a wide range of parameters. The

cacao canopy cover was measured via hemispherical photographs

taken with a digital camera with fisheye lens placed in the center of

each plot at approximately 50 cm above the ground; the surface

captured by the fish lens was more than 70 percent of the plot.

DATA ANALYSES.—Analyses were conducted for all herb species and

for forest and nonforest herb species separately. Forest species were
defined as species that also occur in natural forests, based on our

exhaustive regional sampling of almost 200 study plots at a forest

site at 1000 m asl in Kulawi valley (1201302500 E, 113003600 S) and a

smaller number of plots in Palolo valley (Cicuzza et al. 2010).

These plots were comparable in elevation with the study sites in the

agroforestry systems.

Sampling completeness of herbs was evaluated using four spe-

cies-richness estimators: Chao2, first- and second-order jackknife,
and bootstrap (Herzog et al. 2002, Chiarucci et al. 2003). Sampling

was too incomplete both in the cacao plantations and in the forest

to calculate the overlap of species between both habitat categories.

We therefore accounted for incomplete sampling using the

Chao–Jaccard similarity index (Chao et al. 2005) as implemented

in EstimatesS (Colwell 2008) using presence–absence data.

A set of 18 environmental explanatory variables including

eight soil factors, seven climatic factors, and three landscape vari-
ables were tested to explain herb diversity. These environmental ex-

planatory variables were subjected to a principal component

analysis (PCA) to reduce the number of parameters, keeping those

parameters separate that were not highly inter-correlated. Multiple

regression models were then calculated with the PCA axes and the

separate explanatory variables to assess the most closely associated

herb species community compositions. We used the Akaike’s in-

formation criterion (AIC) to assess the goodness of fit of the esti-
mated statistical models. Finally, an indicator species analysis

(Dufrene & Legendre 1997) was conducted to assess if individual

herb species were associated with the three cacao agroforest types.

Analyses were conducted in R (R Development Core Team 2007),

with additional functions provided by the R package vegan (Ok-
sanen et al. 2007). The indicator species analysis was conducted

with PCOrd 5.0 (Mc Cune & Mefford 1999).

RESULTS.—In total, we recorded 91 herb species in the 43 plots

(Table S2), 74 of which were identified at the species level. The four

species-richness estimators applied suggest that between 72 and 89

percent of the regional herb species richness in all agroforestry

systems was recovered by our samples (Chao2: 114� 12 species;
first-order jackknife: 114� 5; second-order jackknife: 127� 10;

bootstrap: 102� 5) (Fig. 1B). Species numbers per plot varied

from 2 to 25, with a mean of 13� 5 species (Fig. 1A). Nineteen of

the species had also been recorded in nearby natural forests (Cicuzza

et al. 2010), resulting in a classic Jaccard similarity index of 0.08.

When taking into account sampling incompleteness, this value

increased to 0.09 with the Chao–Jaccard–Raw abundance-based

similarity index and to 0.11 with the Chao–Jaccard–estimated
abundance-based similarity index.

Overall, the most species-rich herb families were Asteraceae

with 13 species followed by Araceae (ten species), Poaceae, and Co-

mmelinaceae (nine species each). The ferns and lycophytes were

represented by 15 species. In terms of ground cover, grasses of the

family Poaceae (49%) were most dominant, followed by Asteraceae

(18%), Commelinaceae (5%), and Araceae (3%). Ferns and

lycophytes contributed 18 percent to ground cover. Of the 74 iden-
tified species, 21 (28%) species were also recorded in natural forests.

This included five of the six species for Araceae and nine of the 15

species of ferns and lycophytes. The other seven species occur spo-

radically only in the tropical forest and not in the agroforestry sys-

tems. By contrast, all the species of the families Asteraceae,

Commelinaceae, and Poaceae were nonforest species.

The PCA with the 18 explanatory variables resulted in four

main axes including 12 factors, leaving additional six factors (cacao
canopy cover, Simpson index of tree similarity, distance from the

forest, slope, air humidity, valley identity) as individual variables for

further analyses (Table S1). The four PCA axes together included

81 percent of the original variation. The first axis was correlated

with elevation and three temperature variables (mean, minimum,

and maximum) explaining 32 percent. The second axis was related

to soil factors (pH, C/N CaCl2, and water soil content) and ex-

plained 22 percent. The third axis included soil micronutrients
(Mg, Na) and 14 percent of the information. Finally, the fourth

axis was correlated with light intensity below and above the cacao

canopy and included 11 percent of the variation.

TABLE 1. Number of planted and forest trees in the three cacao management categories. Significant differences are marked by different letters (analysis of variance with Tukey

post-hoc test).

Number of plots Planted fruit trees Forest trees Distance from the forest (m) Elevation (m)

Rustic cacao 12 5.6� 3.4 ab 8.25� 2.24 a 291� 388 a 704� 150 a

Planted shade cacao 17 7� 3.13 a 2.5� 3.9 b 351� 350 a 657� 127 a

Technified cacao 14 3.7� 1.38 b 1.9� 2.63 b 560� 598 a 636� 102 a
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The final multiple regression model for the total number of

herb species per plot accounted for 55 percent of the total variance

and included four variables: cacao canopy cover, slope, Simpson

tree diversity, and the first PCA axis, which included the elevation

influence (Tables 2 and 3; Fig. S2). The multiple regression model

analysis for forest herbs only explained 62 percent of the total vari-

ance and included three variables: slope, Simpson tree diversity, and

the first PCA axis (Fig. S3). Among these variables, the first PCA
axis and the Simpson index of tree species were highly significant.

The multiple regression model for the nonforest species explained

54 percent of the variance and included cacao canopy cover, the

Simpson tree diversity index, and the fourth PCA axis including

light information. Only the cacao canopy cover and the fourth PCA

axis were significantly correlated with the nonforest species.

The indicator species analysis found that 16 species were sig-

nificantly associated with one of the three cacao agroforest types we
defined previously (Table 4). The number of characteristic forest

species decreased from the rustic to the legume-domiated cacao

plantations, while the nonforest species showed the opposite trend.

The four identified species typical for rustic cacao plantations in-

cluded one that is endemic to Sulawesi, two with Malaysian distri-

bution, and only one pantropical species. The mixed shade planted

plantations included two species with a wide Southeast Asian dis-

tribution, one species with Malaysian distribution and two pan-
tropicals; while the technified cacao had four species with

pantropical distribution.

DISCUSSION

Overall, we found 91 terrestrial herb species in the 43 cacao agro-

forestry systems. This is lower than the 260 herbaceous species

found by Bisseleua et al. (2008) in traditional cacao forest gardens

in Cameroon. Taxonomic composition also differed between the

study regions, with the most common families in Cameroon being

Acanthaceae (23 species), Commelinaceae (12), Poaceae (10),

Araceae (8), Rubiaceae (6), and Asteraceae (4), and in our study
Poaceae, Asteraceae, and Araceae. In Brazilian cabruca cacao agro-

forestry systems, Faria et al. (2007) recorded 41 fern species, which

is considerably more than the 15 species that we found. Thus, cacao

agroforestry systems in our study region appear to be less species

rich than in many other geographical areas, although differences in

sampling area and methodology make a direct comparison of spe-

cies numbers difficult.

Comparing the number of herb species in agroforestry systems
and adjacent natural forests, Cicuzza et al. (2010) found 171 and

203 species in two forest sites close to the agroforestry systems
FIGURE 1. (A) Rarefied species density curves of the herbaceous species and

(B) estimation of total species numbers using the Chao2 richness estimator.

Black curves represent the mean values of the three different cacao management

categories (‘rustic cacao’, ‘planted shade cacao’, and ‘technified cacao’), and the

number of species for all plots combined, gray curves show the respective upper

and lower 95% CI.

TABLE 2. Results of the multiple regression analyses of the number of herb species

against ten environmental variables. Only those variables kept in the

model after stepwise exclusion of redundant variables are listed.

Estimate Standard error t Value P(4 |t|)

Total species

Cacao cover � 0.149 0.038 � 3.977 o 0.001

Tree Simpson diversity 6.839 2.948 2.320 0.026

Log (inclination) 0.841 0.523 1.608 0.116

PC1 � 1.600 0.894 � 1.790 0.081

Forest species

Tree Simpson diversity 2.850 1.231 2.316 0.026

Log (inclination) 0.464 0.220 2.104 0.042

PC1 � 0.992 0.377 � 2.635 0.012

Nonforest species

Cacao cover � 0.080 0.034 � 2.353 0.024

Log (inclination) 0.570 0.418 1.364 0.180

PC4 1.633 0.818 1.996 0.053
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studied here, revealing much higher herb species richness in the

tropical forest. In their study, ferns and lycophytes alone contrib-

uted 94 and 112 species, which is almost ten times higher as in the
cacao agroforestry systems. In contrast, Faria et al. (2007) only

found 51 fern and lycophyte species in natural forests adjacent to

cacao plantations in Brazil, which supported 41 species. This sug-

gests that there may be geographical differences in the proportion of

forest herbs than can be found in cacao agroforestry systems.

We found that in our study area, agroforestry systems and

natural forests had a largely distinct herb community. The three

levels of management intensity in the cacao plantations did not
differ systematically in their species richness (Fig. 1) or species

composition (Fig. S2). To our knowledge, farmers do not target

individual herb species during management, but rather cut or apply

herbicides to the entire plantation. Herb communities in the cacao

agroforestry system were primarily composed of widespread weedy

species whose conservation value is low but which might play im-

portant ecological roles in the agroforestry systems. Their richness

was significantly correlated with cacao canopy cover and the fourth
PCA axis, variables which are ecologically related with light inten-

sity are often documented has a key variables for the spread of

weedy species (Chen et al. 2009). Weedy herbs can reduce the ca-

pability of regeneration for local natural species (Wong et al. 2010).

The grass Imperata cilindrica (L.) Beauv., were presented in eight

(15%) of our plots, seem to be an aggressive invasive that it often

tends to reach 100 percent cover in disturbed sites (Holly & Ervin

2006). A second weedy Poaceae in our study system is Paspalum
conjugatum P.J. Bergius, native from South Africa, which is fre-

quently used in private or public gardens and parks in Indonesia.

Through its robust rhizome system, this species reduces soil erosion

and improves humus quality and soil nutrients in coffee planta-

tions, but it may also competitively exclude other herb species (Af-

anti et al. 2003, Watanabe et al. 2007). In our area, this species was
present in 31 (70%) of the plots. Another African weed is the As-

teraceae Crassocephalum crepidioides (Benth.) S. which is also a mi-

nor vegetable (Ismail et al. 2001, Dairo & Adanlawo 2007). We

recorded this Asteraceae in 24 (55%) of our plots. During the flow-

ering period, this species might attract insects, which can play a role

for the pollination of the shrubs and fruit-tree species planted in the

cacao agroforestry system (Klein et al. 2003). For this species as for

all other weedy species, however, we have no direct evidence of any
ecological significance in the study region.

Focusing more on the native herb flora of conservation con-

cern, only 28 percent of the herb species in the cacao plantations

were also recorded in the adjacent forests (Cicuzza et al. 2010), a

value that was only marginally influenced by sampling incomplete-

ness. Beyond this main distinction between natural forests and

agroforestry systems, there was also considerable variation among

different agroforest types, depending on local site conditions and
management intensity. We found that the number of herb species

was higher in plots with high tree diversity and at high elevations,

while the further separation into forest and nonforest species

showed that richness of the former also increased on plots with

high slope inclination and of the latter in plantations with low cacao

TABLE 3. Results of the principal component analysis (PCA) based on the 12 en-

vironmental factors; the four first PCA axes together include the 81 per-

cent of the original variation. Bold numbers show the factors most

strongly correlated to the individual PCA axes.

Explanation (%)

34.2 21.8 13.8 11.1

PC1 PC2 PC3 PC4

Altitude � 1.144��� 0.454 � 0.015 0.253

Light intensity (1.30 m) 0.389� � 0.091 0.066 1.067���

Light intensity (5.80 m) 0.577�� � 0.088 � 0.409� 0.927���

Temperature (maximum) 1.120��� � 0.542 � 0.241 0.054

Temperature (mean) 1.175��� � 0.554 � 0.078 � 0.140

Temperature (minimum) 1.080��� � 0.493 0.170 � 0.508�

C/N 0.122 � 0.960���� 0.129 0.197

Mg (mg/g) 0.032 � 0.391 1.158��� 0.182

Na (mg/g) � 0.115 � 0.217 1.216��� 0.239

Soil water content � 0.646 � 0.961��� 0.011 � 0.212

pH � 0.941��� � 0.632���� 0.236 0.120

CaCl2 � 0.672 � 0.853���� 0.288 0.196

�Po 0.05;
��Po 0.01;
���Po 0.001.

TABLE 4. Species numbers and characteristic species for the three cacao manage-

ment categories. F, forest species; N, nonforest species. In parenthesis are

specified the species distribution and the family; I, Indonesia; E, En-

demic; M, Malaysian Archipelago; SEA, Southeast Asia; SA, South Asia;

P, pantropical.

Rustic cacao

(15� 1)

Planted shade trees

(13� 1)

Technified cacao

(12� 1)

Pothos tener Wall.

(Arac.) F� (I)

Asplenium nidus L.

(Asplen.) F� (P)

Zingiberaceae gen. sp.

F�

Musa celebica Warb. ex

K. Schum. (Musac.)

F� (E)

Elatostema papangae

Leandri (Urticac.)

F� (M)

Hyptis capitata Jacq.

(Lam.) N� (P)

Trichosanthes trifolia

(L.) Merr. (Cucurb.)

F�� (M)

Cyrtococcum accrescens

(Trin.) Stapf.

(Poac.) N� (SEA)

Borreria laevis

(Rubiac.) N� (P)

Passiflora foetida L.

(Passifl.) N� (P)

Oplismenus compositum

(L.) P. Beauv.

(Poac.) N� (SA)

Christella parasitica (L.)

Lev. (Thelypterid.)

N� (P)

Urticaceae gen. sp. N� Crassocephalum

crepidioides (Benth.) S.

Moore (Aster.) N� (P)

Elephantopus scaber

(Aster.) N� (P)

Hygrophila sp.

(Acanthac.) N�

�Po 0.01;
��Po 0.05.

Herb Diversity in Indonesian Cacao Agroforestry 759



canopy cover and high light intensity. Therefore, elevation and

presence of native forest tree species appear to determine the im-

portance of a cacao plantation for the conservation of native herba-

ceous species. These conditions are not necessarily found adjacent
to the forest margin, as evidenced by the fact that the distance

from the forest was not recovered as a significant variable in

our analysis. Rather, it is the management intensity of the planta-

tion that plays the crucial role. Comparing differently managed

cacao plantations, we found that each had different suites of herb

species, with rustic plantations having a constant presence of forest-

dependent and often geographically localized species whereas more

intensively managed plantations were characterized by weedy, pan-
tropical taxa.

These results make intuitive sense and show that populations

of natural forest herbs are mostly found in rustic plantations. First,

the vegetation structure of these plantations is comprised of a rel-

atively dense canopy made up by natural forest trees, which is most

similar to that of natural forests. Furthermore, since they have been

converted to plantations fairly recently, it is probable that part of

the herb individuals found in such plantations belong to the orig-
inal forest herb flora. This is supported by our observation that only

three (11%) of the forest species recorded in rustic plantations were

found in reproductive condition (D. Cicuzza pers. obs.).

In summary, we conclude that despite high species richness of

herbs, cacao agroforestry systems of medium and high management

intensity are of very limited value for the conservation of native

forest species in the Kulawi and Palolo valleys in Central Sulawesi,

Indonesia. A pattern of decreasing species richness in more inten-
sively managed agroforestry systems has been documented in our

study area for trees (Steffan-Dewenter et al. 2007), bryophytes

(Sporn et al. 2007, Ariyanti et al. 2008), canopy-inhabiting ants

(Bos et al. 2007b), and for trees elsewhere (Sambuichi & Haridasan

2007, Sonwa et al. 2007). In contrast, a relatively high conservation

value of cacao agroforestry systems has been found for birds (Abra-

hamczyk et al. 2008, Clough et al. 2009), reptiles and amphibians

(Wanger et al. 2009), and various insect groups (Bos et al. 2007b,
Höhn et al. 2009) in our study region, and for ferns, frogs, lizards,

birds, and bats in Brazil (Faria et al. 2007). We conclude that al-

though secondary forests and agroforestry systems are often consid-

ered important ecosystems for biodiversity conservation in

countries where most natural forest has been lost (Wright 2006,

Dent & Wright 2009), cacao agroforestry systems in our study re-

gion are of limited conservation value for terrestrial herbs.
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