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Abstract
In the tropics, combining food security with biodiversity conservation remains a
major challenge. Tropical agroforestry systems are among the most biodiversity-
friendly and productive land-use systems, and 70% of cocoa is grown by
>6 million smallholder farmers living on <2$ per day. In cacao’s main centre of
diversification, the western Amazon region, interest is growing to achieve pre-
mium prices with the conversion of high-yielding, but mostly bulk-quality cacao
to native fine-flavor cacao varieties, culturally important since pre-Columbian
times. Conversion to native cacao can be expected to favor adaptation to regional
climate and growth conditions, and to enhance native biodiversity and ecosys-
tem services such as biological pest control and pollination, but possibly also
imply susceptibility to diseases. Experience from successful conversion of non-
native cacao plantations to fine-flavor cacao agroforestry with rejuvenation by
grafting and undermedium-canopy cover levels (30%–40%) can ensure a smooth
transition with only minor temporary productivity gaps. This includes ongoing
selection programs of high yielding and disease resistant native fine-flavor cacao
genotypes and organizing in cooperatives to buffer the high market volatility. In
conclusion, the recent interest on converting bulk cacao to a diversity of native
fine-flavor varieties in countries like Peru is a challenge, but offers promising
socio-ecological perspectives.
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1 INTRODUCTION

Ongoing large-scale land-use intensification and expan-
sion cause dramatic biodiversity losses, while poverty
and hunger are still major global issues (Terlau et al.,
2019). Large-scale farming is often perceived as pivotal for
feeding the world, but in reality, small-scale farmers are
the backbone of global food security and achieve more
socio-ecological benefits than large-scale farmers, includ-
ing higher yields and higher biodiversity (Ricciardi et al.,
2021; Terlau et al., 2019; Tscharntke et al., 2012). In the trop-
ics, combining food securitywith biodiversity conservation
remains a major challenge, and many land-use types are
mainly devoted to only maximizing productivity (Grass
et al., 2020). Tropical agroforestry systems, such as cacao
(Theobroma cacao) agroforestry, are more biodiverse and
sustainable than any other land-use system (Tscharntke
et al., 2011), in particularwhen grownwith shade tree cover
of ca. 40% and in landscapes with forest remnants (Clough
et al., 2011; Niether et al., 2020). Seventy percent of cacao
is grown by>6million smallholder farmers in the lowland
tropics of Latin America, West Africa and Indonesia, liv-
ing on <2$ per day and relying on cacao for 60%–90% of
their income (Díaz-Valderrama et al., 2020; Voora et al.,
2019). The socio-ecological standards of cacao production
are highly variable (Maas et al., 2020), mainly due to
increasing global demand and price pressure favoring full
sunmonocultures, often in combinationwith questionable
labor conditions and narrow profit margins. High demand
for tropical cash crops comes often at the cost of quality,
and there is growing concern of decreasing quality stan-
dards for international markets (Saltini et al., 2013). The
growing interest in single-origin fine-flavor cacao (see the
Cocoa of Excellence Programme, www.cocoaofexcellence.
org) appears to be a great opportunity for smallholders in
South America where a plethora of native fine-flavor vari-
eties occurs to specialize in markets with premium prices,
as has been achieved for coffee (Hernandez-Aguilera et al.,
2018). Latin America is the dominant global source (ca.
80%) of fine-flavor cacao, but only 5%of the globalmarket is
made up by fine-flavor cacao (Ceccarelli et al., 2022). The
recently developed Peruvian national plan for the devel-
opment of the value chain of cacao and chocolate toward
2030 by the Ministry of Agriculture in Peru includes pro-
motion of native cacao varieties, as Peru is recognized
for its high offer of fine flavor cacao of sustainable origin
(Ministerium de Desarrollo Agrarian y Rigor, 2021). The
vision of the plan includes that cacao producers cultivate
high-quality cocoa in agroforestry systems and in diverse
landscapes generating ecosystem services and that they
receive sufficient revenue for a high quality of life.

So far, most cacao is produced outside its center of ori-
gin, and South America produces only 12.8% of the cacao
traded on the world market (Díaz-Valderrama et al., 2020).
However, the genetic potential of wild cacao populations
and managed native cacao varieties in the countries of
origin is currently threatened by the introduction of for-
eign germplasm (Solorzano et al., 2012), the destruction
of forest sites with wild cacao populations, and deficient
efforts to identify and protect the remaining genetic diver-
sity (Chumacero de Schawe et al., 2013). Local crop genetic
resources and landraces are often endangered (Brush, 1995;
Ceccarelli et al., 2022; Ficiciyan et al., 2018), although the
high socio-ecological potential of neglected and under-
utilized crop varieties and species is well acknowledged
(Hunter et al., 2019). Here, we characterize the geographic
distribution of native fine-flavor cacao varieties as well
as their benefits and constraints. We also address the
challenge of selecting and implementing the most promis-
ing varieties and end with a discussion of the ecological,
social, and economic opportunities of promoting native
fine-flavor cacao (Figure 1). We aim at providing broad
socio-ecological evidence in favor of a transformation of
bulk to fine-flavor cacao in the cacao’s countries of origin,
supporting the interest of smallholder farmers, coopera-
tives, and governments alike. This goal is in line with
recent efforts to protect and develop crop genetic diversity
for global Sustainable Development Goals (SDG), includ-
ing enhancement of native biodiversity and associated
ecosystem services (Dulloo et al., 2021).

2 NATIVE FINE-FLAVOR CACAO:
BENEFITS AND CONSTRAINTS

The cacao tree originated in the understorey of the Ama-
zon rainforest, where wild cacao stands can still be found,
but the geographical distribution of managed cacao has
expanded pantropically (Zhang & Motilal, 2016). Cacao
diversified genetically in western Amazonia (Thomas
et al., 2012) and has been first domesticated in the region
covering southern Ecuadorian and northern Peruvian
Amazon before it was introduced to Central America
(Zarrillo et al., 2018). Hence, Peru, Bolivia, Venezuela,
Ecuador, Colombia, and Brazil are home countries of
cacao (Ceccarelli et al., 2022; Saltini et al., 2013). Formerly,
cacao has been classified into three major groups: Criollo,
which has been cultivated in pre-Columbian Mesoamer-
ica, where it was introduced with few individuals from
South America; Forastero, which refers to all other types
of cacao; and Trinitario, which means hybrids between
Criollo and Forastero (Díaz-Valderrama et al., 2020). In
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F IGURE 1 Benefits and challenges of the transition to native fine-flavor cacao. All topics are discussed in the text, including references.
Photos of cacao fruits from Peru: (left) Cacao tree grafted with the non-native, high-yielding clone CCN51 America (dark red), while on the
rootstock, below the point of grafting with scions, a native cacao fruit (green) developed. (Right) A diversity of cacao fruits from different
native varieties (Copyright: Teja Tscharntke)
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F IGURE 2 The distribution of cacao genetic groups in their center of origin based on Motamayor et al. (2008), Thomas et al. (2012),
Zhang et al. (2012), and Arevalo-Gardini et al. (2019). Because of limited knowledge of the genetic groups, this is an underrepresentation of
the true diversity in the cacao germplasm.

recent years, this outdated classification has been replaced
by a more detailed one, based on the results of molec-
ular analyses of cacao germplasm with microsatellites,
which have identified 11 main genetic groups: Criollo,
Marañon, Curaray, Iquitos, Nanay, Contamana, Madre
de Dios, Amelonado-Catango, Purus, Rondônia, Guiana,
Nacional-Piura White, and Nacional Boliviano (Arevalo-
Gardini et al., 2019; Motamayor et al., 2008; Thomas et al.,
2012; Zhang et al., 2012) (Figure 2). However, this clas-
sification still does not adequately describe the existing
diversity in cacao. For example in Peru, multiple native
fine-flavor cacao varieties have been recognized at the
national level, of which the best known are Chuncho cacao
(pertaining to the Contamana genetic group; mostly in the
southern Andean foothills of Cusco, e.g., www.perupuro.
de, https://originalbeans.de), Piura white cacao (Nacional
genetic group; in the north-western coastal plains, e.g.,
https://cocoarunners.com/grower/norandino/), andAma-
zonas cacao (of mixed genetic origin, but strong Nacional
Piura-White background; Bustamante et al., 2022). Differ-
ent cacao varieties exhibit different flavor profiles (Saltini
et al., 2013) (www.finechocolateindustry.org/about_fine_
chocolate.php; www.icco.org/fine-or-flavor-cocoa/).
Maintaining the genetic diversity of cacao in its center of

origin is of global importance, first and foremost for breed-
ing purposes and the future selection of new, improved

crop varieties (Ficiciyan et al., 2018). Although 87.2% of
all cacao beans are produced outside the countries of
origin (Africa: 70.2%, Asia 13%, South America 12.8%, Cen-
tral America 2.9%), native varieties offer the opportunity
for high-quality products with a market transformation
toward a unique selling feature (Díaz-Valderrama et al.,
2020). In the 19th century, ca. 95% of all cacao was con-
sidered fine quality, whereas nowadays 95% is low-quality
bulk cacao and just 5% fine-flavour (Díaz-Valderrama
et al., 2020). Specialization on regionally unique varieties
with particular tastes may allow high market benefits as
is known from many other commodities (Waehning &
Filieri, 2022).
Native varieties of cacao are highly valued also because

of their cultural (Theobroma comes from the Greek “Food
of Gods”), medical, and spiritual importance. Cacao, or
chocolate, has been advocated for >100 medicinal uses,
including gaining weight, stimulating the nervous system,
and improving digestion (Dillinger et al., 2000). Cacao
played a role already in pre-Columbian South Amer-
ica with wild cacao used for the pulp, eaten directly or
used for fermented beverages. Archaeological evidence
revealed early interactions between coastal and Amazo-
nian cacao growers (Zarrillo et al., 2018). During the 15th
century, the Incas subordinated the “Chachapoyas” to get
access to major tropical food resources, including cacao
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(Díaz-Valderrama et al., 2020). This was likely the native
“Cacao Amazonas Peru” variety, which has obtained the
status of protected denomination of origin in Peru (Bus-
tamante et al., 2022; Ministerium de Desarrollo Agrarian y
Rigor, 2021).Hence, preference for this variety aswell as for
Peruvian Chuncho and Nacional Piura-white cacao is also
influenced by farmers’ interest in keeping the endangered
cultural heritage of a unique cacao diversity of regional and
national importance.
While crop domestication involves selection for bene-

ficial traits, including sensorial traits, yield, harvest time,
resource use as well as pest and disease resistance (Mac-
fadyen & Bohan, 2010), wild or little-domesticated native
crop varieties may be better adapted to the use of local
resources and to their abiotic and biotic environment.
This includes higher mitigation abilities to climate change
(Ceccarelli et al., 2021). Native crops typically allow also
more species-rich associations of crop plants with non-
pest organisms such as insects and other arthropods
(Keane & Crawley, 2002). Smallholders tend to implement
diversified cropping systems and cultivation methods,
which is greatly enhancing biodiversity, and to man-
age their fields less intensively, which allows survival
of more plant and animal species (Rakotomalala et al.,
2023; Ricciardi et al., 2021). This includes keeping natu-
ral shade trees with canopy cover at medium levels (ca.
30%–40%), supporting higher biodiversity such as birds
(Clough et al., 2011), herbaceous plant communities and
litter for higher ground-living biodiversity (Clough et al.,
2010; Wanger et al., 2009, 2011). Shaded cacao agroforestry
also facilitates native non-pest insects, including preda-
tory insects such as ants, causing up to 34% yield gains
(Wielgoss et al., 2014), and insectivorous birds and bats,
which are also major biocontrol agents increasing yield by
30%–100% (Maas et al., 2016, 2013; Vansynghel, Ocampo-
Ariza,Maas,Martin, Thomas, Hanf-Dressler, Schumacher,
Ulloque-Samatelo, Tscharntke, et al., 2022). Pollinator
populations are also a major leverage point to enhance
cacao productivity, as very limited pollination success
restricts yields (Vansynghel, Ocampo-Ariza,Maas,Martin,
Thomas, Hanf-Dressler, Schumacher, Ulloque-Samatelo,
Tschantke, et al., 2022; Chumacero de Schawe et al., 2013),
shown by hand pollination, increasing yields by up to
200% (Groeneveld et al., 2010; Toledo-Hernández et al.,
2020). Diversifying production systems with several native
cacao varieties (Bennett, 2003) should increase pollination
success due to the portfolio effect of higher pollen diver-
sity (Paschke et al., 2002). In contrast, domestication is
known to often disrupt food webs, reduce resistance, and
change volatile blends, negatively affecting prey-finding
by natural enemies (Macfadyen & Bohan, 2010). Further,
regarding spatial scale, enhancing biodiversity does not
only need biodiversity-friendly localmanagement, but also

surrounding landscapes with forest remnants (Clough
et al., 2010; Tscharntke et al., 2015; Klein et al., 2002).
Currently, 56% of the cacao area in Peru is cultivated

with the non-native clone CCN-51, which has been intro-
duced since the 1970s as a highly productive result of
yield-focused selection and breeding. Still, 44% of the cacao
area is plantedwith native cacao; similar figures are known
from Ecuador, as CCN-51 currently covers 60% of the
cacao area, leaving only 40% for Ecuador’s Cacao Nacional
(Ceccarelli et al., 2022). In Peru, 54% of farmers produce
propagation material on their farms, and only 15% obtain
it from the 39 nurseries in the country, whereas in Ecuador,
most farmers rely on the country-wide 554 nurseries (Cec-
carelli et al., 2022). Challenges of using native varieties
include the risk of lower andmore variable productivity, as
native varieties have often not yet undergone a strict selec-
tion process for high yields (Zhang&Motilal, 2016).Hence,
acceptance of native varieties by farmers can be difficult,
as their trust in productivity outcomes is limited, in par-
ticular due to the uncertainty of long-term performance
of hitherto unknown varieties. For example, pollination
and fruit set may not be always enhanced in native vari-
eties (Vansynghel, Ocampo-Ariza, Maas, Martin, Thomas,
Hanf-Dressler, Schumacher, Ulloque-Samatelo, Tscharn-
tke, et al., 2022; Chumacero de Schawe et al., 2018),
and possible differences in susceptibility or resistance to
pests and diseases are also not well explored (Hebbar,
2007). Cacao diseases account for ca. 38% of global losses
of cacao harvest (Marelli et al., 2019), as cacao resis-
tance levels to diseases are generally low. Some of the
causal agents are globally distributed (e.g., Phytophtora
palmivora), whereas others have geographically restricted
populations (Marelli et al., 2019). Major cacao diseases
such as Witches’ Broom (Moniliophtera perniciosa, previ-
ously Crinipellis sp.) and Frosty Pod Rot (Moniliophtera
roreri), so far limited to parts of Latin America, are still
absent in major production regions, and eventual inva-
sion to Africa and Asia may seriously change cacao’s
global productivity (Díaz-Valderrama et al., 2020). The
devastating effects of these diseases have been, for exam-
ple, shown by the invasion of Witches’ Broom in Bahia
(Brazil), followed by a dramatic decline in cacao pro-
ductivity up to today (Clough et al., 2009; Tscharntke
et al., 2011). Therefore, considering the tolerance and resis-
tance of local varieties to pest and diseases can greatly
improve our ability to develop genetically stable varieties
with both valuable flavor and high resilience. There is
a need to better characterize genetic cacao material and
to promote selection and breeding programs for native
fine-flavour cacao varieties, which can be demonstrated
to smallholders and cooperatives as example for highly
productive farming with resilience toward environmental
change.
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3 SELECTION AND
IMPLEMENTATION OF THE BEST
NATIVE CACAO VARIETIES

Cacao bean flavor is of major importance for produc-
ing and marketing high-level cacao beans and products
such as chocolate (Kongor et al., 2016). The cacao fla-
vor is not only influenced by the genetic makeup of
a variety, but also by tree age, soil chemical composi-
tion, local climatic conditions, and postharvest treatments
such as fermentation and roasting, but the relative con-
tribution of each factor remains unclear (Kongor et al.,
2016; Lima et al., 2011). Before smallholders decide for
the on-farm implementation of native fine-flavour cacao,
the most suitable and productive cacao varieties need to
be identified and selected. This requires detailed genetic,
physical, and sensorial analyses of the native fine-flavour
cacao varieties, a process that still needs to be optimized
(Motamayor et al., 2008) and then implemented in a socio-
ecologically responsible way. Conversion of current cacao
plantations, dominated by high-yielding clones and vari-
eties that result from (inter)national breeding programs
(e.g., CCN51; Jaimez et al., 2022), toward >30 new native
fine-flavour cacao genotypes or varieties across>10,000 ha
has been acknowledged as a major goal of agricultural pol-
icy in Peru (Ministerium de Desarrollo Agrarian y Rigor,
2021). One of the first steps includes establishment of more
and improved gene banks and working collections (gen-
erally, clonal gardens) (Apshara, 2017; Ceccarelli et al.,
2022; Sena Gomes et al., 2015). Keeping a diversity of fla-
vor profiles in situ means higher flexibility to respond
to changing future interests for adaptations to market or
environmental changes. Further, live collections on-farm,
holding high genetic diversity combining relict old trees
(i.e., the old genetic basis) and new (grafted) varieties, may
advance economic and ecological resilience. Using clonal
propagation through grafting instead of growing new plan-
tations from seedlings grown in seed gardens avoids long
productivity gaps in favor of quick recovery of cacao
productivity (Vaast & Somarriba, 2014; Zavaleta et al.,
2022). Combining different genotypes in the rootstock
(the mother tree) and the scions, grafted on the pruned
mother tree, may be optimized to maximize pollination
success and fruit set (Vansynghel, Ocampo-Ariza, Maas,
Martin, Thomas, Hanf-Dressler, Schumacher, Ulloque-
Samatelo, Tscharntke, et al., 2022). Grafting of old trees
can be easily performed with standard grafting practices
(Daouda et al., 2018), and field experiments with Piura
white cacao (Ocampo-Ariza et al., 2022) showed that after
ca. 2 years yield levels can be 40%–80% higher than in
non-grafted neighboring trees (unpublished data). This
successful transformation of bulk cacao to fine-flavour
and native varieties was carried out by farmers in the

Piura region, organized in the large cooperative Norandino
(with >5400 producers; Maas et al., 2020) and provides a
promising example for the whole country.

4 BALANCING SOCIO-ECOLOGICAL
NEEDSWITH IMPLEMENTING NATIVE
FINE-FLAVOUR CACAO

Replacing high-yielding, bulk-quality cacao by native fine-
flavour varieties in the speciesť center of origin appears to
be a promising strategy for land-use development meet-
ing the SDG, although some frame conditions are still
unclear (see above). The socio-ecological importance of
maintaining and rescuing genetic diversity in the crop’s
native range is well recognized (Ceccarelli et al., 2022;
Ficiciyan et al., 2018). Further, the unique flavor of geo-
graphically restricted cacao varieties (such as single-origin
cacao from Chuncho and Piura white cacao in Peru) may
allow for marketing advantages with certified products
and premium prices. Challenges include the future agro-
nomic optimization and the so far little developed market
with its great price volatility (e.g., from 3422 to 1769$
per ton within two years: 2015–2017) (Voora et al., 2019).
Fine-flavour cacao still lacks major selection programs for
high yields and disease resistance, as local diseases are
inhibiting expansion of the cacao sector in South Amer-
ica. While fine-flavour cacao is still a small segment in
the global cacao trade, it has been growing faster than
the bulk market at rates between 7% and 11% (compared
to 2%–3%) per year since 2011 (Vignati & Gómez-García,
2020). In times of unprecedented global losses of biodi-
versity, biodiversity-friendly management of native cacao,
including their native and endemic species as well as asso-
ciated ecosystem services such as pest control, can become
a major part of the marketing strategy (Maas et al., 2020;
Tscharntke et al., 2015).
The discussion about replacing high-yielding bulk-

quality cacao varieties by fine-flavour native varieties
is often dominated by agronomic aspects, in particu-
lar the limited knowledge of productivity, compatibility
between varieties and climate resilience (Lahive et al.,
2018), although native fine-flavour varieties appear to be
more climate resilient than bulk cacao (Ceccarelli et al.,
2021). Clearly, considerations of smallholders in face of
such a long-term decision are largely determined by social
and economic aspects (Toledo-Hernández et al., 2021).
Converting or restructuring small farms with tree crops
such as cacao means a long-term investment and commit-
ment, as productivity may reach its optimal level only after
a few years, but the grafted and thereby rejuvenated cacao
trees ensure higher income already within few years. In
contrast to grafting, rejuvenating cacao plantations from
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seeds means a much longer yield gap, and higher risk for
the outcome. Grafting, but not the replanting with cacao
seedlings or saplings, allows for a relatively quick change
in farm strategies due to political change, price volatility,
or social stress situations. More regional field trials and
best practice examples are required to identify the most
promising combinations of native varieties and to convince
farmers of the benefits of changing their system. Small-
holder farmers’ livelihoods depend on their small piece of
land, meaning there is little resilience to extreme events
or changing environmental and socioeconomic conditions
– as far as smallholders are not organized in coopera-
tives (Maas et al., 2020). Organization in cooperatives as
well as eco-labeling (such as organic and fairtrade, with
certification costs shared within the cooperative) may be
particularly helpful to overcome insecurities of small-scale
farming (Maas et al., 2020; Silva et al., 2017). Successful
and sustainable eco-labeling for biodiversity needs main-
tenance or restoration of shade trees and forest remnants
in the surrounding landscapes, but may further increase
premium prices (Tscharntke et al., 2015; Waldron et al.,
2015).
In conclusion, replacing high-yielding bulk-quality

cacao by fine-flavour native varieties, grown in cacao agro-
forests, contributes to the conservation of cacao genetic
diversity, associated diversity of non-pest organisms and
their ecosystem services as well as cultural heritage and
may allow marketing advantages of unique regional prod-
ucts. Hence, current challenges associated with the con-
version toward native varieties need to be tackled because
of the high socio-ecological value of such a transition.
Promoting the diversity of cacao varieties in a diversi-
fied agroforestry system, as done recently by the Peruvian
government and farmers’ cooperatives, has a major poten-
tial for a biodiversity-friendly and socially sustainable
development of smallholder farming in the cacao’s native
range.

ACKNOWLEDGMENTS

We are grateful for the financial support by the Deutsche
Forschungsgemeinschaft (DFG) and the Austrian Sci-
ence Fund (FWF) for our collaborative project “Eco-
logical intensification and multifunctionality of geneti-
cally diverse cacao agroforestry in Peruvian landscapes
(ECO-CACAO)” (GZ TS 45/42-1 and STE 957/27-1). We
received further financial support from the German Fed-
eral Ministry for Economic Cooperation and Development
(BMZ), commissioned and administered by the Deutsche
Gesellschaft für Internationale Zusammenarbeit (GIZ),
Fund for International Agricultural Research (FIA), grant
No.: 81219430, and the CGIAR Fund Donors. We also
acknowledge the very helpful comments of the editors

Zoe Davies and Patrick O’Farrell and of two anonymous
reviewers.
Open access funding enabled and organized by Projekt

DEAL.

ORCID
TejaTscharntke https://orcid.org/0000-0002-4482-3178
PabloAycart https://orcid.org/0000-0002-5762-1348

REFERENCES
Apshara, S. E. (2017). Comparative study on clonal and seedling pro-
genies of selected cocoa (Theobroma cacao L.) genotypes. Indian
Journal of Horticulture, 74, 168. https://doi.org/10.5958/0974-0112.
2017.00037.8

Arevalo-Gardini, E.,Meinhardt, L.W., Zuñiga, L. C., Arévalo-Gardni,
J., Motilal, L., & Zhang, D. (2019). Genetic identity and ori-
gin of “Piura Porcelana”—A fine-flavored traditional variety of
cacao (Theoborma cacao) from the Peruvian Amazon. Tree Genet.
Genomes, 15, 11. https://doi.org/10.1007/s11295-019-1316-y

Bennett, A. B. (2003). Out of the amazon: Theobroma cacao enters
the genomic era. Trends in Plant Science, 8, 561–563. https://doi.
org/10.1016/j.tplants.2003.10.004

Brush, S. B. (1995). In situ conservation of landraces in centers of
crop diversity. Crop Science, 35, 346–354. https://doi.org/10.2135/
cropsci1995.0011183x003500020009x

Bustamante, D. E., Motilal, L. A., Calderon, M. S., Mahabir, A., &
Oliva, M. (2022). Genetic diversity and population structure of
fine aroma cacao (Theobroma cacao L.) from north peru revealed
by single nucleotide polymorphism (SNP) markers. Frontiers in
Ecology and the Environment, 10, 895056.

Ceccarelli, V., Fremout, T., Zavaleta, D., Lastra, S., Imán Correa,
S., Arévalo-Gardini, E., Rodriguez, C. A., Cruz Hilacondo, W., &
Thomas, E. (2021). Climate change impact on cultivated and wild
cacao in Peru and the search of climate change-tolerant genotypes.
Diversity and Distributions, 27, 1462–1476. https://doi.org/10.1111/
ddi.13294

Ceccarelli, V., Lastra, S., Loor Solórzano, R. G., Chacón, W. W.,
Nolasco, M., Sotomayor Cantos, I. A., Plaza Avellán, L. F., López,
D. A., Fernández Anchundia, F. M., Dessauw, D., Orozco-Aguilar,
L., & Thomas, E. (2022). Conservation and use of genetic resources
of cacao (Theobroma cacao L.) by gene banks and nurseries in six
Latin American countries. Genetic Resources and Crop Evolution,
69, 1283–1302. https://doi.org/10.1007/s10722-021-01304-3

Chumacero de Schawe, C., Durka, W., Tscharntke, T., Hensen, I., &
Kessler, M. (2013). Gene flow and genetic diversity in cultivated
and wild cacao (Theobroma cacao) in Bolivia.American Journal of
Botany, 100, 2271–2279. https://doi.org/10.3732/ajb.1300025

Chumacero de Schawe, C., Kessler, M., Hensen, I., & Tscharntke,
T. (2018). Abundance and diversity of flower visitors on wild and
cultivated cacao (Theobroma cacao L.) in Bolivia. Agroforestry
Systems, 92, 117–125. https://doi.org/10.1007/s10457-016-0019-8

Clough, Y., Abrahamczyk, S., Adams, M.-O., Anshary, A., Ariyanti,
N., Betz, L., Buchori, D., Cicuzza, D., Darras, K., Putra, D. D., Fiala,
B., Gradstein, S. R., Kessler, M., Klein, A.-M., Pitopang, R., Sahari,
B., Scherber, C., Schulze, C. H., Shahabuddin, . . . Tscharntke, T.
(2010). Biodiversity patterns and trophic interactions in human-
dominated tropical landscapes in Sulawesi (Indonesia): Plants,
arthropods and vertebrates. in T. Tscharntke, C. Leuschner, E.

 1755263x, 2023, 1, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/conl.12936 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [25/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-4482-3178
https://orcid.org/0000-0002-4482-3178
https://orcid.org/0000-0002-5762-1348
https://orcid.org/0000-0002-5762-1348
https://doi.org/10.5958/0974-0112.2017.00037.8
https://doi.org/10.5958/0974-0112.2017.00037.8
https://doi.org/10.1007/s11295-019-1316-y
https://doi.org/10.1016/j.tplants.2003.10.004
https://doi.org/10.1016/j.tplants.2003.10.004
https://doi.org/10.2135/cropsci1995.0011183x003500020009x
https://doi.org/10.2135/cropsci1995.0011183x003500020009x
https://doi.org/10.1111/ddi.13294
https://doi.org/10.1111/ddi.13294
https://doi.org/10.1007/s10722-021-01304-3
https://doi.org/10.3732/ajb.1300025
https://doi.org/10.1007/s10457-016-0019-8


8 of 10 TSCHARNTKE et al.

Veldkamp, H. Faust, E. Guhardja, & A. Bidin (Eds.), Tropical
rainforests and agroforests under global change: Ecological and
socio-economic valuations, environmental science and engineering
(pp. 15–71). Springer. https://doi.org/10.1007/978-3-642-00493-3_2

Clough, Y., Barkmann, J., Juhrbandt, J., Kessler, M., Wanger, T.
C., Anshary, A., Buchori, D., Cicuzza, D., Darras, K., Putra, D.
D., Erasmi, S., Pitopang, R., Schmidt, C., Schulze, C. H., Seidel,
D., Steffan-Dewenter, I., Stenchly, K., Vidal, S., Weist, M., . . .
Tscharntke, T. (2011). Combining high biodiversity with high
yields in tropical agroforests. Proceedings of the National Academy
of Sciences, 108, 8311–8316. https://doi.org/10.1073/pnas.1016799108

Clough, Y., Faust, H., & Tscharntke, T. (2009). Cacao boom and bust:
Sustainability of agroforests and opportunities for biodiversity
conservation. Conservation Letters, 2, 197–205.

Daouda, K. K., Jean-Claude, N., Jane, K., Lucien, D., Jean-Luc, K.,
Kouadio, B., & Christophe, K. (2018). Comparison of grafting tech-
niques and their effects on some growth parameters of ten elite
cocoa clones (Theobroma cacaoL.).African Journal of Agricultural
Research, 13, 2249–2255. https://doi.org/10.5897/AJAR2015.9847

Díaz-Valderrama, J. R., Leiva-Espinoza, S. T., & Aime, M. C.
(2020). The history of cacao and its diseases in the Amer-
icas. Phytopathology R©, 110, 1604–1619. https://doi.org/10.1094/
PHYTO-05-20-0178-RVW

Dillinger, T. L., Barriga, P., Escárcega, S., Jimenez, M., Lowe, D. S., &
Grivetti, L. E. (2000). Food of the gods: Cure for humanity? A cul-
tural history of themedicinal and ritual use of chocolate. Journal of
Nutrition, 130, 2057S–2072S. https://doi.org/10.1093/jn/130.8.2057S

Dulloo, M. E., Bissessur, P., & Rana, J. (2021). Monitoring plant
genetic resources for food and agriculture, in plant genetic resources.
Burleigh Dodds Science Publishing.

Ficiciyan, A., Loos, J., Sievers-Glotzbach, S., & Tscharntke, T. (2018).
More than yield: Ecosystem services of traditional versus modern
crop varieties revisited. Sustainability, 10, 2834. https://doi.org/10.
3390/su10082834

Grass, I., Kubitza, C., Krishna, V. V., Corre, M. D., Mußhoff, O.,
Pütz, P., Drescher, J., Rembold, K., Ariyanti, E. S., Barnes, A. D.,
Brinkmann, N., Brose, U., Brümmer, B., Buchori, D., Daniel, R.,
Darras, K. F. A., Faust, H., Fehrmann, L., Hein, J., . . . Wollni,
M. (2020). Trade-offs between multifunctionality and profit in
tropical smallholder landscapes.Nature Communications, 11, 1186.
https://doi.org/10.1038/s41467-020-15013-5

Groeneveld, J. H., Tscharntke, T., Moser, G., & Clough, Y. (2010).
Experimental evidence for stronger cacao yield limitation by pol-
lination than by plant resources. Perspectives in Plant Ecology,
Evolution and Systematics, 12, 183–191. https://doi.org/10.1016/j.
ppees.2010.02.005

Hebbar, P. K. (2007). Cacao diseases: A global perspective from an
industry point of view. Phytopathology R©, 97, 1658–1663. https://
doi.org/10.1094/PHYTO-97-12-1658

Hernandez-Aguilera, J. N., Gómez, M. I., Rodewald, A. D., Rueda,
X., Anunu, C., Bennett, R., & van Es, H. M. (2018). Quality as a
driver of sustainable agricultural value chains: The case of the rela-
tionship coffee model. Business Strategy and the Environment, 27,
179–198. https://doi.org/10.1002/bse.2009

Hunter, D., Borelli, T., Beltrame, D. M. O., Oliveira, C. N. S.,
Coradin, L., Wasike, V. W., Wasilwa, L., Mwai, J., Manjella, A.,
Samarasinghe, G. W. L., Madhujith, T., Nadeeshani, H. V. H., Tan,
A., Ay, S. T., Güzelsoy, N., Lauridsen, N., Gee, E., & Tartanac, F.
(2019). The potential of neglected and underutilized species for

improving diets and nutrition. Planta, 250, 709–729. https://doi.
org/10.1007/s00425-019-03169-4

Jaimez, R. E., Barragan, L., Fernández-Niño, M., Wessjohann, L. A.,
Cedeño-Garcia, G., Cantos, I. S., & Arteaga, F. (2022). Theobroma
cacao L. cultivar CCN 51: A comprehensive review on origin,
genetics, sensory properties, production dynamics, and physi-
ological aspects. PeerJ, 10, e12676. https://doi.org/10.7717/peerj.
12676

Keane, R. M., & Crawley, M. J. (2002). Exotic plant invasions and the
enemy release hypothesis. Trends in Ecology & Evolution, 17, 164–
170. https://doi.org/10.1016/S0169-5347(02)02499-0

Klein, A.-M., Steffan-Dewenter, I., & Tscharntke, T. (2002). Predator–
prey ratios on cocoa along a land-use gradient in Indonesia.
Biodiversity and Conservation, 11, 683–693. https://doi.org/10.1023/
A:1015548426672

Kongor, J. E., Hinneh, M., de Walle, D. V., Afoakwa, E. O., Boeckx,
P., & Dewettinck, K. (2016). Factors influencing quality varia-
tion in cocoa (Theobroma cacao) bean flavour profile—A review.
Food Research International, 82, 44–52. https://doi.org/10.1016/j.
foodres.2016.01.012

Lahive, F., Hadley, P., & Daymond, A. J. (2018). The physiological
responses of cacao to the environment and the implications for
climate change resilience. A review. Agronomy for Sustainable
Development, 39, 5. https://doi.org/10.1007/s13593-018-0552-0

Lima, L. J. R., Almeida, M. H., Nout, M. J. R., & Zwietering, M. H.
(2011). Theobroma cacao L., “The food of the gods”: Quality deter-
minants of commercial cocoa beans, with particular reference to
the impact of fermentation. Critical Reviews in Food Science and
Nutrition, 51, 731–761. https://doi.org/10.1080/10408391003799913

Maas, B., Clough, Y., & Tscharntke, T. (2013). Bats and birds increase
crop yield in tropical agroforestry landscapes. Ecology Letters, 16,
1480–1487. https://doi.org/10.1111/ele.12194

Maas, B., Karp,D. S., Bumrungsri, S., Darras, K., Gonthier,D.,Huang,
J. C.-C., Lindell, C. A., Maine, J. J., Mestre, L., Michel, N. L.,
Morrison, E. B., Perfecto, I., Philpott, S. M., Şekercioğlu, Ç. H.,
Silva, R.M., Taylor, P. J., Tscharntke, T., VanBael, S. A.,Whelan, C.
J., & Williams-Guillén, K. (2016). Bird and bat predation services
in tropical forests and agroforestry landscapes. Biological Reviews,
91, 1081–1101. https://doi.org/10.1111/brv.12211

Maas, B., Thomas, E., Ocampo-Ariza, C., Vansynghel, J., Steffan-
Dewenter, I., & Tscharntke, T. (2020). Transforming tropical
agroforestry towards high socio-ecological standards. Trends in
Ecology & Evolution, 35, 1049–1052. https://doi.org/10.1016/j.tree.
2020.09.002

Macfadyen, S., & Bohan, D. A. (2010). Crop domestication and the
disruption of species interactions. Basic and Applied Ecology, 11,
116–125. https://doi.org/10.1016/j.baae.2009.11.008

Marelli, J.-P., Guest, D. I., Bailey, B. A., Evans, H. C., Brown, J.
K., Junaid, M., Barreto, R. W., Lisboa, D. O., & Puig, A. S.
(2019). Chocolate under threat from old and new cacao dis-
eases. Phytopathology R©, 109, 1331–1343. https://doi.org/10.1094/
PHYTO-12-18-0477-RVW

Motamayor, J. C., Lachenaud, P., Mota, J. W. S., Loor, R., Kuhn,
D. N., Brown, J. S., & Schnell, R. J. (2008). Geographic and
genetic population differentiation of the Amazonian chocolate
tree (Theobroma cacao L). PLoS One, 3, e3311. https://doi.org/10.
1371/journal.pone.0003311

Niether, W., Jacobi, J., Blaser-Hart, W., Andres, C., & Armengot, L.
(2020). Cocoa agroforestry systems versus monocultures: Amulti-

 1755263x, 2023, 1, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/conl.12936 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [25/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/978-3-642-00493-3_2
https://doi.org/10.1073/pnas.1016799108
https://doi.org/10.5897/AJAR2015.9847
https://doi.org/10.1094/PHYTO-05-20-0178-RVW
https://doi.org/10.1094/PHYTO-05-20-0178-RVW
https://doi.org/10.1093/jn/130.8.2057S
https://doi.org/10.3390/su10082834
https://doi.org/10.3390/su10082834
https://doi.org/10.1038/s41467-020-15013-5
https://doi.org/10.1016/j.ppees.2010.02.005
https://doi.org/10.1016/j.ppees.2010.02.005
https://doi.org/10.1094/PHYTO-97-12-1658
https://doi.org/10.1094/PHYTO-97-12-1658
https://doi.org/10.1002/bse.2009
https://doi.org/10.1007/s00425-019-03169-4
https://doi.org/10.1007/s00425-019-03169-4
https://doi.org/10.7717/peerj.12676
https://doi.org/10.7717/peerj.12676
https://doi.org/10.1016/S0169-5347(02)02499-0
https://doi.org/10.1023/A:1015548426672
https://doi.org/10.1023/A:1015548426672
https://doi.org/10.1016/j.foodres.2016.01.012
https://doi.org/10.1016/j.foodres.2016.01.012
https://doi.org/10.1007/s13593-018-0552-0
https://doi.org/10.1080/10408391003799913
https://doi.org/10.1111/ele.12194
https://doi.org/10.1111/brv.12211
https://doi.org/10.1016/j.tree.2020.09.002
https://doi.org/10.1016/j.tree.2020.09.002
https://doi.org/10.1016/j.baae.2009.11.008
https://doi.org/10.1094/PHYTO-12-18-0477-RVW
https://doi.org/10.1094/PHYTO-12-18-0477-RVW
https://doi.org/10.1371/journal.pone.0003311
https://doi.org/10.1371/journal.pone.0003311


TSCHARNTKE et al. 9 of 10

dimensional meta-analysis. Environmental Research Letters, 15,
104085. https://doi.org/10.1088/1748-9326/abb053

Ocampo-Ariza, C., Maas, B., Castro-Namuche, J. P., Thomas, E.,
Vansynghel, J., Steffan-Dewenter, I., & Tscharntke, T. (2022).
Trait-dependent responses of birds and bats to season and dry
forest distance in tropical agroforestry. Agriculture Ecosystems
and Environment, 325, 107751. https://doi.org/10.1016/j.agee.2021.
107751

Paschke, M., Abs, C., & Schmid, B. (2002). Effects of population size
and pollen diversity on reproductive success and offspring size in
the narrow endemicCochlearia bavarica (Brassicaceae).American
Journal of Botany, 89, 1250–1259. https://doi.org/10.3732/ajb.89.8.
1250

Rakotomalala, A. A. N. A., Ficiciyan, A. n. M., & Tscharntke, T.
(2023). Intercropping enhances beneficial arthropods and con-
trols pests: A systematic review and meta-analysis. Agriculture
Ecosystems and Environment., 0, 00–00.

Ricciardi, V., Mehrabi, Z., Wittman, H., James, D., & Ramankutty,
N. (2021). Higher yields and more biodiversity on smaller farms.
Nature Sustainability, 4, 651–657. https://doi.org/10.1038/s41893-
021-00699-2

Rigor, M. d. D. A., (2021). Plan nacional de desarrollo de la cadena de
valor de cacao-chocolate al 2030. Lima, Peru.

Saltini, R., Akkerman, R., & Frosch, S. (2013). Optimizing choco-
late production through traceability: A review of the influence of
farming practices on cocoa bean quality. Food Control, 29, 167–187.
https://doi.org/10.1016/j.foodcont.2012.05.054

Sena Gomes, A. R., Andrade Sodré, G., Guiltinan, M., Lockwood,
R., & Maximova, S. (2015). Supplying new cocoa planting mate-
rial to farmers: A review of propagation methodologies. Bioversity
International.

Silva, A. R., de, A., Bioto, A. S., Efraim, P., Queiroz, G., & de, C. (2017).
Impact of sustainability labeling in the perception of sensory
quality and purchase intention of chocolate consumers. Journal
of Cleaner Production., 141, 11–21. https://doi.org/10.1016/j.jclepro.
2016.09.024

Solorzano, R. G. L., Fouet, O., Lemainque, A., Pavek, S., Boccara, M.,
Argout, X., Amores, F., Courtois, B., Risterucci, A. M., & Lanaud,
C. (2012). Insight into the wild origin, migration and domesti-
cation history of the fine flavour Nacional Theobroma cacao L.
variety fromEcuador.PLoSOne, 7, e48438. https://doi.org/10.1371/
journal.pone.0048438

Terlau, W., Hirsch, D., & Blanke, M. (2019). Smallholder farmers as
a backbone for the implementation of the sustainable develop-
ment goals. Sustainable Development, 27, 523–529. https://doi.org/
10.1002/sd.1907

Thomas, E., Zonneveld,M., Loo, J., Hodgkin, T., Galluzzi, G., &Etten,
J. (2012). Present spatial diversity patterns of Theobroma cacao L.
in the neotropics reflect genetic differentiation in Pleistocene refu-
gia followed by human-influenced dispersal. PLoS One, 7, e47676.
https://doi.org/10.1371/journal.pone.0047676

Toledo-Hernández, M., Lander, T. A., Bao, C., Xie, K., Atta-
Boateng, A., & Wanger, T. C. (2021). Genome-edited tree crops:
Mind the socioeconomic implementation gap. Trends in Ecol-
ogy & Evolution, 36, 972–975. https://doi.org/10.1016/j.tree.2021.08.
007

Toledo-Hernández, M., Tscharntke, T., Tjoa, A., Anshary, A., Cyio,
B., & Wanger, T. C. (2020). Hand pollination, not pesticides or
fertilizers, increases cocoa yields and farmer income. Agriculture,

Ecosystems & Environment, 304, 107160. https://doi.org/10.1016/j.
agee.2020.107160

Tscharntke, T., Clough, Y., Bhagwat, S. A., Buchori, D., Faust, H.,
Hertel, D., Hölscher, D., Juhrbandt, J., Kessler, M., Perfecto, I.,
Scherber, C., Schroth, G., Veldkamp, E., & Wanger, T. C. (2011).
Multifunctional shade-tree management in tropical agroforestry
landscapes—A review. Journal of Applied Ecology, 48, 619–629.
https://doi.org/10.1111/j.1365-2664.2010.01939.x

Tscharntke, T., Clough, Y., Wanger, T. C., Jackson, L., Motzke, I.,
Perfecto, I., Vandermeer, J., & Whitbread, A. (2012). Global food
security, biodiversity conservation and the future of agricultural
intensification.Biological Conservation, 151, 53–59. https://doi.org/
10.1016/j.biocon.2012.01.068

Tscharntke, T., Milder, J. C., Schroth, G., Clough, Y., DeClerck, F.,
Waldron, A., Rice, R., & Ghazoul, J. (2015). Conserving biodiver-
sity through certification of tropical agroforestry crops at local and
landscape scales. Conservation Letters, 8, 14–23. https://doi.org/10.
1111/conl.12110

Vaast, P., & Somarriba, E. (2014). Trade-offs between crop intensifi-
cation and ecosystem services: The role of agroforestry in cocoa
cultivation. Agroforestry Systems, 88, 947–956. https://doi.org/10.
1007/s10457-014-9762-x

Vansynghel, J., Ocampo-Ariza, C., Maas, B., Martin, E. A., Thomas,
E., Hanf-Dressler, T., Schumacher, N.-C., Ulloque-Samatelo, C.,
Tscharntke, T., & Steffan-Dewenter, I. (2022). Cacao flower vis-
itation: Low pollen deposition, low fruit set and dominance of
herbivores. Ecological Solutions and Evidence, 3, e12140. https://
doi.org/10.1002/2688-8319.12140

Vansynghel, J., Ocampo-Ariza, C., Maas, B., Martin, E. A., Thomas,
E., Hanf-Dressler, T., Schumacher, N.-C., Ulloque-Samatelo, C.,
Yovera, F. F., Tscharntke, T., & Steffan-Dewenter, I. (2022). Quan-
tifying services and disservices provided by insects and vertebrates
in cacao agroforestry landscapes. Proc. R. Soc. B., 289, 20221309.
http://doi.org/10.1098/rspb.2022.1309

Vignati, F., & Gómez-García, R. (2020). Iniciativa latinoamericana
del cacao: Boletín No. 8.

Voora, V., Bermudez, S., Larrea, C., Voora, V., Bermúdez, S., & Larrea,
C. (2019). Global market report: Cocoa. International Institute for
Sustainable MAnagement.

Waehning, N., & Filieri, R. (2022). Consumer motives for buy-
ing regional products: The REGIOSCALE. Marketing Letters, 33,
215–236. https://doi.org/10.1007/s11002-021-09572-w

Waldron, A., Justicia, R., & Smith, L. E. (2015). Making biodiversity-
friendly cocoa pay: Combining yield, certification, and REDD for
shade management. Ecological Applications, 25, 361–372. https://
doi.org/10.1890/13-0313.1

Wanger, T. C., Saro, A., Iskandar, D. T., Brook, B. W., Sodhi, N.
S., Clough, Y., & Tscharntke, T. (2009). Conservation value of
cacao agroforestry for amphibians and reptiles in south-east Asia:
Combining correlative models with follow-up field experiments.
Journal of Applied Ecology, 46, 823–832. https://doi.org/10.1111/j.
1365-2664.2009.01663.x

Wanger, T. C., Wielgoss, A. C., Motzke, I., Clough, Y., Brook, B. W.,
Sodhi, N. S., & Tscharntke, T. (2011). Endemic predators, invasive
prey and native diversity. Proceedings of the Royal Society B: Bio-
logical Sciences, 278, 690–694. https://doi.org/10.1098/rspb.2010.
1512

Wielgoss, A., Tscharntke, T., Rumede, A., Fiala, B., Seidel, H.,
Shahabuddin, S., & Clough, Y. (2014). Interaction complexity

 1755263x, 2023, 1, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/conl.12936 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [25/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1088/1748-9326/abb053
https://doi.org/10.1016/j.agee.2021.107751
https://doi.org/10.1016/j.agee.2021.107751
https://doi.org/10.3732/ajb.89.8.1250
https://doi.org/10.3732/ajb.89.8.1250
https://doi.org/10.1038/s41893-021-00699-2
https://doi.org/10.1038/s41893-021-00699-2
https://doi.org/10.1016/j.foodcont.2012.05.054
https://doi.org/10.1016/j.jclepro.2016.09.024
https://doi.org/10.1016/j.jclepro.2016.09.024
https://doi.org/10.1371/journal.pone.0048438
https://doi.org/10.1371/journal.pone.0048438
https://doi.org/10.1002/sd.1907
https://doi.org/10.1002/sd.1907
https://doi.org/10.1371/journal.pone.0047676
https://doi.org/10.1016/j.tree.2021.08.007
https://doi.org/10.1016/j.tree.2021.08.007
https://doi.org/10.1016/j.agee.2020.107160
https://doi.org/10.1016/j.agee.2020.107160
https://doi.org/10.1111/j.1365-2664.2010.01939.x
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1111/conl.12110
https://doi.org/10.1111/conl.12110
https://doi.org/10.1007/s10457-014-9762-x
https://doi.org/10.1007/s10457-014-9762-x
https://doi.org/10.1002/2688-8319.12140
https://doi.org/10.1002/2688-8319.12140
http://doi.org/10.1098/rspb.2022.1309
https://doi.org/10.1007/s11002-021-09572-w
https://doi.org/10.1890/13-0313.1
https://doi.org/10.1890/13-0313.1
https://doi.org/10.1111/j.1365-2664.2009.01663.x
https://doi.org/10.1111/j.1365-2664.2009.01663.x
https://doi.org/10.1098/rspb.2010.1512
https://doi.org/10.1098/rspb.2010.1512


10 of 10 TSCHARNTKE et al.

matters: Disentangling services and disservices of ant communi-
ties driving yield in tropical agroecosystems. Proceedings of the
Royal Society B: Biological Sciences, 281, 20132144. https://doi.org/
10.1098/rspb.2013.2144

Zarrillo, S., Gaikwad, N., Lanaud, C., Powis, T., Viot, C., Lesur, I.,
Fouet, O., Argout, X., Guichoux, E., Salin, F., Solorzano, R. L.,
Bouchez, O., Vignes,H., Severts, P., Hurtado, J., Yepez, A., Grivetti,
L., Blake, M., & Valdez, F. (2018). The use and domestication of
Theobroma cacao during the mid-Holocene in the upper Amazon.
Nature Ecology & Evolution, 2, 1879–1888. https://doi.org/10.1038/
s41559-018-0697-x

Zavaleta, D., Yovera, F., Conza, J., Rodriguez, C., Neira, A., Atkinson,
R., & Thomas, E. (2022). Manual de renovación de copa de cacao.
Lima: Lecciones aprendidas del cacao Blanco de Piura y Chuncho
de Cusco. Bioversity International.

Zhang, D., Martínez, W. J., Johnson, E. S., Somarriba, E., Phillips-
Mora, W., Astorga, C., Mischke, S., & Meinhardt, L. W. (2012).
Genetic diversity and spatial structure in a new distinct Theo-
broma cacao L. population in Bolivia. Genetic Resources and Crop
Evolution, 59, 239–252. https://doi.org/10.1007/s10722-011-9680-y

Zhang, D., & Motilal, L. (2016). Origin, dispersal, and current global
distribution of cacao genetic diversity. In B. A. Bailey, & L. W.
Meinhardt (Eds.), Cacao diseases: A history of old enemies and new
encounters (pp. 3–31) Cham: Springer International Publishing,
https://doi.org/10.1007/978-3-319-24789-2_1

How to cite this article: Tscharntke, T.,
Ocampo-Ariza, C., Vansynghel, J., Ballesteros, B. I.,
Aycart, P., Rodriguez, L., Ramirez, M.,
Steffan-Dewenter, I., Maas, B., & Thomas, E.
(2023). Socio-ecological benefits of fine-flavor cacao
in its center of origin. Conservation Letters, 16,
e12936. https://doi.org/10.1111/conl.12936

 1755263x, 2023, 1, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/conl.12936 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [25/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1098/rspb.2013.2144
https://doi.org/10.1098/rspb.2013.2144
https://doi.org/10.1038/s41559-018-0697-x
https://doi.org/10.1038/s41559-018-0697-x
https://doi.org/10.1007/s10722-011-9680-y
https://doi.org/10.1007/978-3-319-24789-2_1
https://doi.org/10.1111/conl.12936

	Socio-ecological benefits of fine-flavor cacao in its center of origin
	1 | INTRODUCTION
	2 | NATIVE FINE-FLAVOR CACAO: BENEFITS AND CONSTRAINTS
	3 | SELECTION AND IMPLEMENTATION OF THE BEST NATIVE CACAO VARIETIES
	4 | BALANCING SOCIO-ECOLOGICAL NEEDS WITH IMPLEMENTING NATIVE FINE-FLAVOUR CACAO
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES


