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Abstract Hundreds of native tree species are currently
found in extensive agroforestry ecosystems in the Peruvian
Amazon, forming an important reservoir of biodiversity.
To further promote conservation, farmers are encouraged
to supplement intra-specific genetic diversity in these
populations with seed collected from local forests. For
some tree species, however, this approach may be inap-
propriate, as stands of these taxa already found on-farm
may not be of local origin. Despite this issue being of
importance for conservation, little information is available
on the history of cultivated trees in the region, a situation
that we here rectify for the important fruit tree Inga edulis.
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Based on nuclear SSR and chloroplast DHPLC analyses of
closely geographically matched natural and planted stands
at five sites, it appears that cultivated material of I. edulis is
primarily of non-local origin, indicating that conservation
based on new wide-scale infusions from local wild stands
into farms may be inappropriate in the region. Although
nuclear and chloroplast diversity were both lower in
planted stands, values were still relatively high (~80 and
70% of natural stands, respectively), indicating that when
farmers plant trees, good collection practice of seed from
already cultivated I. edulis should be an effective means for
ensuring long-term conservation on farms.
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Introduction

Current land use practices in the tropics (FAO 2001) mean
that the use and conservation of trees depends increasingly
on their incorporation into managed agroforests (Clement
and Villachica 1994; Simons et al. 2000; Kindt 2002;
Reynel et al. 2003). These agroforestry systems have been
established primarily for immediate human benefit, but
they also serve as biodiversity refugia in landscapes
subjected to heavy deforestation and degradation. Thus
““on farm” populations established for human use can also
potentially serve as a ‘“‘circa situ” conservation resource.
In the Peruvian Amazon, hundreds of native tree species
occur in these agroforestry systems and provide a wide
range of products and services to local inhabitants (Sotelo
Montes and Weber 1997). Recognising the potential
conservation importance of these systems for native tree
species, conservation and development agencies encourage
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local communities to undertake additional transfers of tree
germplasm (and hence genetic diversity) from local natural
stands into farmland populations (O’Neill et al. 2001;
Weber et al. 2001). This is to maximise their value by
ensuring they represent the diversity present in natural
stands, by reducing the likelihood of inbreeding depression,
and by providing the potential for adaptation to future
environmental change. Whilst this strategy for an active
influx of genetic diversity appears generally appropriate, it
may be counterproductive if populations of tree species
already cultivated on farms are predominantly of non-local
origin—a theoretical possibility for those taxa that have
long histories of cultivation in the Amazon (Lentz 2000;
Miller and Nair 2006). In this case, an influx of local wild
germplasm and subsequent inter-breeding with cultivated
trees may result in productivity losses via a dilution of
genotypes with favourable traits for farmers, and/or genetic
incompatibilities between cultivated and wild genotypes.
As the decision of farmers to cultivate trees depends ulti-
mately on their productivity, the potential for on-farm
conservation of these species may therefore be reduced.
Despite the importance of the issue, the history of native
tree species planted on farms is largely unknown in the
tropics, and there is a lack of research on geographically
matched natural and planted stands to provide insights into
their origins (Hollingsworth et al. 2005).

Here, we assess the origin of planted tree stands in the
Peruvian Amazon for the economically important fruit-tree
species, Inga edulis Mart. (Fabaceae: Mimosoideae). Our
primary objective was to determine whether or not planted
stands were derived from local natural material. We wished
to determine from this assessment whether large-scale
infusions of genetic resources from local natural stands into
cultivation are appropriate for I. edulis in the Peruvian
Amazon.

Methods
Inga edulis as a model species

The genus Inga comprises ca. 300 species of neotropical
rain forest trees that contribute significantly to the high o
diversity of the Amazon (Pennington 1997). Archaeologi-
cal records demonstrate that the genus has been important
to humans over millennia, with direct evidence of ancient
human-mediated transport of I. feuillei (Pennington 1997;
Leon 1998). Inga edulis has a wide natural distribution
across South America, is diploid and believed to be self-
incompatible, the hermaphrodite flowers being pollinated
by small birds, flying insects and possibly bats (Koptur
1984; Pennington 1997). Fruiting occurs after about
3 years, producing a long pod containing recalcitrant seeds
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covered by a fleshy sarcotesta that is eaten by humans
(Pennington 1998). Natural dispersal is performed by
mammals and possibly birds, which eat the sarcotesta and
drop seeds nearby (Koptur 1984). Although the history of
cultivation of this species is not well-documented, mor-
phological studies suggest that humans have semi-domes-
ticated I. edulis over a considerable time period (Clement
1989, 1999; Pennington 1997). Stands on farms in the
Peruvian Amazon appear to contain some of the largest 1.
edulis pods observed anywhere for the species, with pods
under cultivation generally much longer than those on wild
trees (Pennington 1997).

Sampling of Inga edulis

In order to discriminate effectively between local vs. non-
local origins of cultivated populations of I. edulis, we
employed closely geographically matched sampling of
natural and planted stands. In the case of a predominantly
local origin, a planted stand should be more genetically
similar to its paired wild stand than to other populations; in
the case of a non-local origin, a planted stand is more likely
to contain markers not found in the paired natural popu-
lation. Inga edulis was therefore sampled from matched
stands at each of five sites dispersed across lowland
Amazonian Peru (Fig. 1). The same stands had been

4°s -
Ullpayacu
Genaro Herrera
Marap,
’:”VeliOn .
B Y rimagtj_,as
6°S—| ) ;
Yurimaguas
N
8°S
Pucallpa
Puqéllpa
Watershed # Direction of
boundary 7 water flow
10°S—
Atalaya
0 100 200 km
T T T
77°W 75°W 73°W

Fig. 1 Geographic locations of five sites in the Peruvian Amazon
from which natural and planted stands of Inga edulis were sampled
for assessment at the chloroplast #rnL-F region and by five nuclear
SSR loci (see also Hollingsworth et al. 2005). Sites are between ~150
and 500 km apart. The river drainage system and main cities of
Iquitos, Yurimaguas and Pucallpa are indicated
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analysed earlier in an assessment of genetic bottlenecks in
1. edulis (Hollingsworth et al. 2005). At each site, material
belonging to natural and planted categories was distinct
and in close geographical proximity (normally within a
few km). Natural trees were collected from old-growth
primary forest that had a clear stratified structure with well-
developed understorey, canopy, and emergent trees, and a
lack of secondary growth of Cecropia and other trees that
are often associated with disturbance by people. Planted
individuals were sampled from farmland and confirmed as
planted by farmers. It is not known how long I. edulis has
been cultivated on particular farms, but it may extend over
many years, several human, and numerous plant genera-
tions. Normally, only one or two trees were sampled from
any particular farm, in order to ensure that collection was
representative of the overall cultivated landscape at a site.
Despite precautions to discriminate between categories, the
long history of use of both I. edulis and slash-and-burn
agriculture in the region means that it is not always easy to
distinguish between natural and planted individuals.
However, a consistent pattern between categories in
our results (see following discussion) suggests that the
measures we took to distinguish among stand types were
adequate.

In order to allow proper comparison between catego-
ries at sites, natural and planted material was sampled
from areas of similar size. The collection of each category
normally extended across a ~20 by 20 km area at each
location, but due to practical limitations some minor
variation between stands at sites was unavoidable. For
both natural and planted categories, leaf material was
collected only from sexually mature trees, and preserved
in silica gel. Sampled trees had a wide range of stem
diameters. On average, the diameter of planted trees was
lower than that of natural trees, indicating a process in
which farmers are continually establishing (and protecting
through weeding, etc.) new I edulis individuals on their
land. Total genomic DNA was extracted from dried
leaves based on minor modifications to the protocol of
Doyle and Doyle (1987).

SSR and chloroplast analysis

In a previous analysis, Hollingsworth et al. (2005) used
five nuclear SSRs on 88 natural and 101 planted trees
(i.e., ~18 and 20 individuals, respectively, by category,
by site) to assess the allelic richness of the I. edulis
stands considered also in the current study. Hollings-
worth et al. (2005) concluded that planted stands were of
lower allelic richness than neighbouring wild popula-
tions, indicative of genetic bottlenecks during cultivation.
Hollingsworth et al. (2005) did not, however, consider
the history of cultivated populations. Here, we take the

same primary data set and extend analysis (see below) to
a consideration of the origin of planted stands. In addi-
tion, to provide a complementary analysis to nuclear
SSRs, we assembled new data based on an assessment of
organellar variation. Since nuclear and organellar mark-
ers have different modes of inheritance, a combination of
both can be particularly useful for insights into genetic
structure and origin in plant populations (McCauley
1994; Petit et al. 2005), including in describing the role
of humans in germplasm transfers (Dawson et al. 1996;
McBreen and Cruzan 2004; Williams et al. 2005).

A previous DNA sequence-based phylogenetic analy-
sis of Inga (Richardson et al. 2001) was used to develop
two primer pairs to proximate parts of the chloroplast
trnL-F region of I. edulis (primer pairs Itrnlf0101-0368,
F 5 GGC AAT CCT GAG CCA AAT CC, R 5 CTG
TCT GGT CTA ATC AAK TGA A; and Itrnlf0759-
1157, F 5 TCC ACT CAG ATC CGT TTG TGA, R 5’
CCT TTC GTG ACG CAT CAT CCT; expected product
sizes of 259 and 319 bases, respectively). Primer pairs
gave consistent single product amplifications across all
1. edulis accessions, using standard PCR conditions
(Hollingsworth et al. 2005) in 20 pl reactions, according
to the following profile: 94°C 4 min; 94°C 1 min, 52°C
1 min, 72°C 2 min, 40 cycles; 72°C 5 min. Polymor-
phism in these regions was assessed via denaturing high-
performance liquid chromatography analysis (DHPLC), a
highly sensitive technique for detecting variation that has
been applied primarily to human chromosomes, although
also with some success to other organisms including
plants (Oefner and Underhill 1998; Jin et al. 1999; Kota
et al. 2001; Emmerson et al. 2003; Zhang and Hewitt
2003). As a reference for heteroduplex detection, a sin-
gle I edulis individual was chosen at random and
amplified in large quantities. Before DHPLC, 5 pl of
sample was mixed with 5 pl of reference, heated to 95°C
for 3 min and then allowed to cool by standing at room
temperature (15 min). About 5 pl of mixture was then
loaded on an automated WAVE DHPLC detection
instrument equipped with a DNA Sep column, using the
WAVE MAKER program to determine the elution pro-
file, according to the instructions of the column and
instrument manufacturer (Transgenomic). The column
temperature for optimum polymorphism detection was
determined with the algorithm devised by the DNA
Variation Group (Stanford University, http://insertion.
stanford.edu/melt.html). Resultant DHPLC profiles were
assessed manually to determine different haplotype
conditions for each primer pair. Data from both products
were then combined to provide overall haplotype states.
In total, combined haplotypes were obtained for 77
natural and 86 planted trees (i.e., ~15 and 17 individuals,
respectively, by category, by site).
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Data analysis
Differentiation

Our primary objective in the current analysis was to test for
genetic differentiation between 1. edulis stands. To this end,
we employed the ARLEQUIN 2.000 software package
(Schneider et al. 2000) to generate Fst values by stand
category. Estimates were based on both SSR and chloro-
plast polymorphisms, and 10,000 permutations were used
to assign significance values. In addition, pairwise Fgr
values were calculated for all possible stand combinations
and tested for significance based on 10,000 permutations
and a stringent test (P < 0.005). To visualise relationships
among populations, an unweighted pair-group method with
arithmetic averaging (UPGMA) was used to undertake
cluster analysis of Nei’s (1978) genetic distances, using
POPGENE 1.31 (Yeh et al. 1999).

Diversity

In an earlier study of the same stands, Hollingsworth et al.
(2005) employed FSTAT 2.9.3.2 (Goudet 2002) to assess
the difference in nuclear SSR allelic richness between
natural and planted populations of I. edulis, using a rare-
faction procedure to account for varying sample sizes. To
allow a direct comparison of diversity levels between
previous nuclear research and current chloroplast data, we
employed the PAST 0.82 software package (Hammer et al.
2002) to undertake chloroplast rarefaction and a similar test
of significance between stand categories. Chloroplast
diversity was also calculated according to Nei’s (1978)
unbiased estimate (H).

Results
Differentiation between stands

DHPLC analysis revealed a total of seven ‘‘combined”
chloroplast haplotypes in I edulis stands (Fig. 2; see
Appendix for raw data). Estimates of population differen-
tiation based on these chloroplast haplotypes were similar
for natural and planted stands (natural Fst = 0.201; planted
Fst = 0.184; Table 1). Fgr estimates based on nuclear
SSRs, however, revealed considerably less differentiation
among natural stands compared to planted stands (natural
Fst = 0.018; planted Fgt = 0.093; Table 1; see Appendix
for raw SSR data). This difference was statistically
significant (P = 0.031 for between category comparison).

Pooling stands by category (natural vs. planted) revealed
frequency differences (Af) for chloroplast states, with
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Fig. 2 Pie diagrams representing the different proportions of
chloroplast DHPLC haplotype states in natural and planted stands
of Inga edulis sampled from five sites in the Peruvian Amazon.
Haplotype states were defined by combining data from an assessment
of variation at two proximate amplification products within the
chloroplast trnL-F region. Pucallpa and Atalaya natural stands contain
rare alleles (haplotype F occurs only in the former population, on
three occasions; haplotypes G and H are restricted to the latter stand,
one unique occurrence each only)

Af > 0.1 for four haplotypes (Appendix). Of particular note
were haplotype C, which had 29 occurrences in natural
material vs. one in planted, and haplotype D, which had
one occurrence in natural material vs. 18 in planted
(N =77 and 86 for natural and planted stands, respectively;
Fig. 2). For nuclear SSRs, large frequency differences
between natural and planted categories were not expected
to be common for individual alleles. This is because of
the high levels of allelic richness observed at all loci
(Hollingsworth et al. 2005; only 15 of 75 SSR alleles had
an overall frequency of > 0.1 in tested material). However,
Af 2 0.1 between natural and planted stands was observed
for five alleles (from four loci: Inga05 AlleleO1 and
Allele03, Inga08 Allele02, Inga33 AlleleOl and Pel5
Allele04; see Appendix).

Table 1 Summary of overall differentiation (Fsp estimates) for
chloroplast haplotype states and five nuclear SSR loci for natural and
planted stands of Inga edulis sampled from five sites in the Peruvian
Amazon

Populations Fst values

Chloroplast data Nuclear data

Five natural stands 0.201 0.018
Five planted stands 0.184 0.093
All 10 stands 0.280 0.068

All values were significant (P < 0.005)
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Comparisons between matched stands at sites

Considering individual sample sites, chloroplast haplotypes
and nuclear SSR alleles both demonstrated frequency
differences between matched stands. For chloroplast
haplotypes, of particular note was the presence of haplo-
type D in planted stands, but absence in matched natural
stands, at Atalaya, Genaro Herrera and Pucallpa (present in
7, 8 and 3 planted individuals, respectively; N = 19, 15 and
15, respectively, Fig. 2; all three sites in the Ucayali River
watershed, Fig. 1). In addition, haplotypes A and C were
present in > 50% of individuals at one (Genaro Herrera)
and two natural stands (Pucallpa and Ullpayacu), respec-
tively, but absent from matched planted stands (Fig. 2).
Employing a stringent test (P < 0.005), pairwise Fgr val-
ues in matched comparisons were significant for chloro-
plast haplotypes in all cases except at Atalaya (Table 2).
For SSRs, pairwise Fgr values were significant except at
Ullpayacu and Yurimaguas. Considering both data sets,
therefore, a significant difference for one or both genomes
was found between natural and planted stands at all five
sample sites.

Comparisons between sites

Considering planted stands only, pairwise Fst values based
on SSRs indicated a degree of structuring among sites, with
Atalaya and Pucallpa in one group and Yurimaguas and
Ullpayacu in a second (mean pairwise Fgr within
groups = 0.043, between groups = 0.102; Table 2). Gena-
ro Herrera occupied an intermediate position. These rela-
tionships were illustrated by a cluster analysis (Fig. 3).
This pattern was also reflected by chloroplast haplotypes
(mean pairwise Fgr within the same groups = 0.027,
between groups = 0.215; Table 2).

Comparisons of diversity between natural
and planted stands

Stand chloroplast haplotype diversity is represented
visually in Fig. 2 (see Appendix for raw data). Three of
seven haplotypes were rare: F occurred on only three
occasions (all in the Pucallpa natural population), while
G and H were present only once each in the entire study
(both in the Atalaya natural stand). Unique haplotypes G
and H do not appear to be artefacts from aberrant
DHPLC column runs: in both cases, uniqueness was
based on a specific unusual combination of rare but not
unique types revealed during separate DHPLC analyses
of the two individual chloroplast products tested (that is,
no single-product DPHLC profile, for Itrnlf0101-0368 or
Itrnlf0759-1157, was unique).

Table 2 Pairwise Fgr values for natural and planted stands of Inga edulis sampled from five sites in the Peruvian Amazon

Yurimaguas
natural

Ullpayacu
planted

Ullpayacu
natural

Pucallpa
planted

Pucallpa
natural

Genaro Herrera

planted

Genaro Herrera

Atalaya
natural

planted

Atalaya
natural

0.047 (0.070)
0.011 (0.171)
0.102 (0.184)
0.008 (0.301)

Atalaya planted

0.063 (0.345)
0.067 (0.029)
0.069 (0.360)

Genaro Herrera natural

0.062 (0.440)
0.026 (0.465)
0.113 (0.243)
0.010 (0.401)
0.028 (0.516)

~0.004 (0.257)

Genaro Herrera planted

0.100 (0.432)
0.110 (0.076)
0.089 (0.320)
0.119 (0.368)
0.087 (0.228)
0.105 (0.500)

Pucallpa natural

0.146 (0.382)
0.044 (0.005)
0.061 (0.570)
0.022 (0.166)
0.043 (0.674)

0.052 (-0.012)
0.108 (0.234)
0.113 (0.208)
0.067 (0.113)
0.061 (0.320)

0.118 (-0.024)

0.036 (0.180)
0.060 (0.092)

Pucallpa planted

0.128 (0.253)
0.142 (0.083)
0.102 (0.064)
0.090 (0.250)

Ullpayacu natural

0.018 (0.445)
~0.002 (0.040)
0.015 (0.561)

Ullpayacu planted

0.011 (0.191)
0.033 (0.065)

0.013 (~0.004)
0.027 (0.271)

Yurimaguas natural

~0.008 (0.327)

0.013 (0.739)

Yurimaguas planted

Nuclear SSR values are given outside parentheses, chloroplast DHPLC values within. Significant differences based on 10,000 permutations and a stringent test (P < 0.005) are shown in bold
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Fig. 3 Phenogram of nuclear SSR genetic distances among planted
stands of Inga edulis sampled from five sites in the Peruvian Amazon

Table 3 indicates haplotype richness values by stand.
Considering corrected estimates after rarefaction, to a
sample equivalent to 11 individuals per population (7,;,
based on the smallest number of individuals typed), natural
stands from Atalaya and Pucallpa had the highest values
(4.54 and 3.43, respectively), with planted material from
Yurimaguas and Ullpayacu the lowest values (1.00 and
1.89, respectively). No planted stand had an n;; value
higher than its neighbouring natural stand, although in one
case, at Genaro Herrera, values were equal (2.00 for both).
Atalaya, the site with the highest chloroplast diversity in
natural material (n;; = 4.54), also had the highest diversity
in planted material (n;; = 3.16). Mean n;; values for natural
and planted categories were 3.24 and 2.21, respectively.
Mean values for H were 0.583 (natural) and 0.399 (planted).
Chloroplast data therefore corresponded with an earlier
rarefaction of nuclear SSRs that revealed planted stands of
L. edulis had lower allelic richness than natural populations
(Hollingsworth et al. 2005; SSR allele numbers shown in
Table 3 for comparison). However, similar to SSRs (where
individual planted stands contained on average ~80% of the
allelic richness found in natural material), haplotype
diversity in cultivated stands was still quite high (~70% of
that found in natural stands, based on both n;; and H val-
ues). Unlike nuclear SSR alleles (P = 0.009; Hollingsworth
et al. 2005), the difference in haplotype richness between
stand categories was not statistically significant
(P =0.117). At individual sites, differences in the level of
variation revealed by each genome were observed, most
notably at Atalaya, where stands contained the highest
chloroplast diversity and the lowest SSR allelic richness
values for both natural and planted categories.
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Table 3 Chloroplast and nuclear diversity data for natural and
planted stands of Inga edulis sampled from five sites in the Peruvian
Amazon

Stand Chloroplast data Nuclear data
N n np Ays

Atalaya

Natural 13 5 4.54 36.0

Planted 19 4 3.16 27.7

Genaro Herrera

Natural 11 2 2.00 41.1

Planted 15 2 2.00 29.2

Pucallpa

Natural 18 4 3.43 39.6

Planted 15 3 2.98 30.8

Ullpayacu

Natural 17 4 3.29 41.1

Planted 22 2 1.89 344

Yurimaguas

Natural 18 3 2.96 38.5

Planted 15 1 1.00 344

Across sites

Natural 77 7 3.24* 39.3*

Planted 86 2.21°* 31.3*

Total 163 7 2.73* 35.3%

% Arithmetic mean of individual stands

N denotes the number of individuals determined for chloroplast
haplotypes employing DHPLC analysis, n the number of haplotypes
revealed, and n;; estimates for haplotype richness corrected by rar-
efaction to account for varying stand sizes (values based on the lowest
number of individuals typed from a stand, N = 11). A;5 denotes allelic
richness revealed at five nuclear SSR loci in an earlier study by
Hollingsworth et al. (2005)

Discussion

Are planted stands of Inga edulis derived from local
natural material?

Our data provide strong indications that planted stands of
I. edulis at tested sites in the Peruvian Amazon have not
originated primarily from closely neighbouring natural
populations. At the five locations we tested, chloroplast
data indicated significant differences between matched
natural and planted populations at four sites, and nuclear
SSRs indicated significant differentiation at three sites.
Considering both genomes, data indicated significant
differences at all five tested sites. Planted stands therefore
appear to have relied on substantial germplasm infusions
from beyond local natural populations, despite the
recalcitrant nature of the seeds which limits the time period
in which they remain viable. Archaeological studies from
elsewhere in Peru also provide evidence for human
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transport of Inga seed, such as transfer of 1. feuillei from
the Amazon basin to the Pacific coast (Pennington 1997;
Le6n 1998).

Conclusions on origin must be made cautiously in
studies involving farm stands, as stochastic processes
connected with biased sampling (collection of consan-
guineous individuals planted within individual farms)
could theoretically influence results by artificially inflating
forest-farm pairwise Fgr values. However, we minimised
any such bias by sampling across a wide range of farm
locations at each of our five chosen collection sites.
Furthermore, chloroplast data appear to be particularly
relevant in indicating a largely non-local origin of planted
germplasm: at three sites, planted stands contained a rela-
tively high frequency haplotype that was completely absent
in matched natural material, an observation difficult to
explain by an alternative hypothesis for the origin of
cultivated material that involves stochastic sorting and
haplotype elimination from local natural stands. While data
suggested a largely non-local origin for cultivated material,
it was, however, interesting to note that some correlation in
diversity levels between matched stands was observed,
possibly due to limited present-day seed transfer from
forest to farmland [as demonstrated by Brodie et al. (1997)
in community surveys].

Our approach of assessing the origin of planted stands
through close geographical matching with natural popu-
lations across a range of well-separated sites has been
undertaken occasionally for annual crops (e.g., for barley,
see Jana and Pietzrak 1988). However, we are not aware
of any directly comparable research for tropical trees.
Nevertheless, a small number of molecular studies on
other indigenous trees in the Americas also indicate that
use of non-local germplasm has contributed to the
development of tree cultivation within the native range of
a species. In particular, Bactris gasipaes, a palm tree with
a long history of human use in the Amazon region and
elsewhere in the Americas, appears to have undergone
wide-scale dissemination through cultivation from one or
a few primary sources rather than local domestication at
many separate sites within the distribution of the wild
progenitor (Clement et al. 1997; Mora-Urpi et al. 1997,
Adin et al. 2004; Rodrigues et al. 2004). Recent work on
traditional crops also indicates non-local sources in
establishing cultivated populations within the native ran-
ges of their progenitors within the Amazon region. For
example, Manihot esculenta was apparently domesticated
in just a single geographic area on the edge of the
southern Amazon Basin (Olsen and Schaal 2001; Olsen
2004). A somewhat contrasting example is provided by
the jocote fruit tree (Spondias purpurea) in Mesoamerica,
where a recent chloroplast phylogeographic study showed
some local correspondence between the geographical

distribution of haplotypes in wild and cultivated popula-
tions (Miller and Schaal 2005; see also Miller and Schaal
20006).

Do planted stands of Inga edulis have a common
origin?

While it appears probable that planted stands of 1. edulis in
the Peruvian Amazon are derived substantially from non-
local material, the question of the actual source (or sources)
of cultivated germplasm is a more difficult one that would
require extensive further sampling to address fully.
Nevertheless, our data do suggest that cultivated 1. edulis is
not a homogenous entity: there is differentiation between
planted material from Atalaya and Pucallpa compared to
Yurimaguas and Ullpayacu for both SSR and cpDNA data.
As these two pairs of populations are in different water-
sheds of the Amazon River system, this could be an indi-
cation of the importance of boat transport in mediating seed
exchange, and thus in determining the genetic composition
of cultivated I edulis within watersheds. Testing this
hypothesis would require further detailed sampling within
and among watersheds.

Human activity and diversity within planted stands
of Inga edulis

The lower nuclear and organellar variation observed in
planted I. edulis indicate that human activity is impacting
on levels of population genetic diversity in cultivated
stands for both genomes (see also Hollingsworth et al.
2005). Despite some genetic narrowing, however, planted
I. edulis stands remain relatively diverse, containing on
average ~80% (nuclear) and 70% (organellar) of the
variation found in natural stands. Planted populations of
I. edulis do not therefore appear to have experienced
extreme genetic bottlenecks, even though they appear to
have originated substantially from non-local germplasm
sources, a process that could have significantly narrowed
their genetic base due to genetic bottlenecks associated
with sampling and subsequent losses during transit
(Brodie et al. 1997; Weber et al. 1997; Kindt and Leng-
keek 1999; Lengkeek et al. 2005). For 1. edulis, therefore,
concerns about loss of adaptability and potential
inbreeding depression caused by genetic bottlenecks,
which are important considerations for many cultivated
out-breeding tree species in agroforestry systems (Simons
et al. 1994; Boshier 2000; Lengkeek 2003), do not appear
to be serious at this time. Inbreeding depression is a
particular concern for fruit trees, as farmers depend
directly on non-related matings for fruit production
(abortion problems lead to reduced or possibly no fruit
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