
Phil. Trans. R. Soc. B (2011) 366, 1329–1336

doi:10.1098/rstb.2010.0183
Research
* Autho

Electron
10.1098

One con
the cros
Genetic variation in a tropical tree species
influences the associated epiphytic plant

and invertebrate communities in a complex
forest ecosystem
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Genetic differences among tree species, their hybrids and within tree species are known to influence
associated ecological communities and ecosystem processes in areas of limited species diversity. The
extent to which this same phenomenon occurs based on genetic variation within a single tree
species, in a diverse complex ecosystem such as a tropical forest, is unknown. The level of biodiver-
sity and complexity of the ecosystem may reduce the impact of a single tree species on associated
communities. We assessed the influence of within-species genetic variation in the tree Brosimum
alicastrum (Moraceae) on associated epiphytic and invertebrate communities in a neotropical
rainforest. We found a significant positive association between genetic distance of trees and commu-
nity difference of the epiphytic plants growing on the tree, the invertebrates living among the leaf
litter around the base of the tree, and the invertebrates found on the tree trunk. This means that
the more genetically similar trees are host to more similar epiphyte and invertebrate communities.
Our work has implications for whole ecosystem conservation management, since maintaining suffi-
cient genetic diversity at the primary producer level will enhance species diversity of other plants and
animals.

Keywords: community genetics; ecosystem conservation; genetic interactions; species interactions;
amplified fragment length polymorphisms
1. INTRODUCTION
Within an ecological community, many species exist
together and both direct and indirect interactions
occur between species. Species interact with each
other by a variety of means (e.g. competition, preda-
tion, mutualism, commensalism and parasitism) and
each species in a community will experience numerous
interactions with many other species. Additional com-
plexity occurs when the specific combinations of
genotypes of the interacting species influence the out-
come of direct and indirect species interactions [1–6].
It is, therefore, understood that genetic variation
within a species and genotypic interactions between
different species can have strong effects on another
species in a community. However, experiments that
quantify the effect of another species’ genotype on
the phenotype of a focal species are often limited to
experimental communities with a small number of
species owing to complexity and cost. This work can
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create unnatural genotypic combinations, minimizes
abiotic (and other biotic) variation and may not reflect
the true influence of these interactions in a natural
ecosystem [7].

An alternative approach to understand how genetic
variation within a species influences the associated com-
munity is to consider genetic variation in a focal species,
and determine how this is associated with the surround-
ing community structure of particular species groups.
Within temperate ecosystems, genetic variation within
a dominant plant species can influence the structure of
the associated invertebrate [8–17], plant [18], endo-
phytic fungi [19] and vertebrate [20,21] communities.
An important factor in these interactions has been
found to be plant biochemistry. Many plant species
accumulate specific chemicals (e.g. phenols, monoter-
penes and tannins) in their leaves, which reduce
herbivory and can influence the chemistry of the sur-
rounding soil when the leaves drop to the ground.
Chemical diversity in Scots pine has been found to influ-
ence the surrounding species richness of understory
plants [18] and leaf tannin concentration has been
demonstrated as having a large effect on the associated
animal communities of cottonwood trees [17,20–24].
Leaf decomposition rates and leaf litter nutrient concen-
trations are also influenced by plant genetic variation
This journal is q 2011 The Royal Society
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[25–27], through variation in leaf chemistry. These
factors will, in turn, influence ecosystem processes
such as nitrogen mineralization [24] and can affect
indirectly interacting communities, such as aquatic
fauna [25].

There is a vast amount of evidence showing that plant
genotype, especially for tree species, can have a strong
effect on associated species, and community and eco-
system processes. However, thus far, all the studies are
from temperate regions of the world where species
diversity and ecosystem complexity are low compared
with the species-rich tropical regions. Within-species
genetic variation is expected to have a greater impact
on the surrounding ecosystem when species diversity
and genetic diversity are limited. To what extent these
effects will be important in an ecosystem with high
species and genetic diversity is unknown. In a genetic-
ally diverse population of trees, a genetic mosaic of
ecosystem function could arise which means that the
environment (biotic and abiotic) around a single tree
differs owing to tree genotype [28,29]. This leads to
a heterogeneous environment, and thus, different
tree genotypes within a diverse ecosystem could still
differentially influence the structure of associated com-
munities and even the coevolution of species [29]. In
this study, we investigated the effect of within-species
genetic variation in a tropical tree species on both
plant and invertebrate communities in a diverse
complex natural tropical ecosystem.

Epiphytic plants are highly diverse and abundant in
tropical forests, and they use the trees as hosts for
structural support to gain access to light. Previous
work has found that epiphyte species have some pref-
erence for different host species, but no particular
host trait was found to explain the associations
observed [30]. A recent study showed that 80 per
cent of epiphyte species actually showed a random dis-
tribution among tree hosts in a tropical forest;
however, this means that 20 per cent of the epiphyte
species studied showed host preference for (i.e. non-
random association with) certain tree species [31].
Within a species, individual trees vary in the abun-
dance of epiphytes to which they are host and this
can only partially be explained by tree size and
branch area [32]. It is plausible that genetically
based traits within a tree species will influence which
epiphyte species will grow on them and therefore the
community structure of the epiphytic flora.

Invertebrates are one of the most species diverse
groups of organisms in a tropical forest and previous
work has demonstrated that tree genotype can influence
invertebrate community structure. Within a tropical
forest ecosystem, there are numerous different habitats
around a tree in which invertebrates may live, including
tree leaves, canopy branches, in epiphytic plants, under
bark, on the trunk, on rotting areas, as well as around the
base of the tree in the soil and leaf litter. These habitats
are likely to contain different invertebrate communities;
the extent to which a single tree influences these com-
munities may differ, leading to variation in the
strength of effect of tree genetic variation on these
different associated communities.

In this study, we investigated the influence of gen-
etic variation within a single tree species (Brosimum
Phil. Trans. R. Soc. B (2011)
alicastrum: Moraceae) on the epiphytic floral community
and three different invertebrate faunal communities, in
a tropical forest ecosystem. This is the first study to
date in which community genetic approaches have
been used in an attempt to understand how genetic vari-
ation within a single tree species can influence associated
communities in a complex and diverse tropical ecosys-
tem. We aim to determine whether the influence of tree
genotype on associated ecological communities is still
measurable in a complex tropical system or if the
complexity of the system overcomes the effect because
of the increase in the number of species interactions
expected in tropical systems.
2. MATERIAL AND METHODS
(a) Study site and tree species

This study was undertaken in the Chiquibul Forest
around Las Cuevas Research Station, Belize, Central
America. The sample area was approximately 4 km2.
The tree species studied was the breadnut, B. alicas-
trum (Moraceae), which is a common tree species in
this area. It can grow up to 40 m in height and pro-
duces large nutritious fruits on which many animals
and birds feed [33]. Geographical location was
recorded using a global positioning system (GPS)
unit and the location confirmed at least once over
two separate field seasons. The GPS coordinates
were converted to digital coordinates, then converted
to radians before using the spherical law of cosine to
calculate the distance between each pair of trees:

distance ¼ a cos½sinðlat1Þ � sinðlat2Þ
þ cosðlat1Þ � cosðlat2Þ � cosðlong2

� long1Þ� � 6371:

ð2:1Þ

(b) Genetic analysis

Genetic material (leaf or cambium) was sampled from
each tree used in this study, and preserved in silica gel
[34]. DNA was extracted using a modified hexadecyl
trimethyl ammonium bromide (CTAB) method [35]
and eluted DNA was cleaned using spin columns
(Sigma-Aldrich). Amplified fragment length poly-
morphisms (AFLP; [36]) were used to calculate
Nei’s genetic identity using Tools For Population Gen-
etics Analysis (TFPGA, M. Miller) between each pair
of trees in the study population. For the AFLPs,
EcoR1 and Mse1 restriction enzymes and three se-
lective primer combinations were used (ACA-CTC,
ACG-CTC and AGC-CAT), producing 119 scorable
loci. The AFLP profiles were visualized using an ABI
Prism 3100 and analysed using GENOTYPER v. 2.0 soft-
ware (Applied Biosystems). A 5 per cent error rate
was used when analysing the AFLP bands to ensure
differentiation between trees was not overestimated.

(c) Epiphyte community

The canopy bromeliad and orchid epiphyte com-
munity was surveyed on 53 B. alicastrum trees
(electronic supplementary material, figure S1) during
June–July 2008. The trees were accessed using ropes
and harnesses, in order to get high into the canopy.
Three branches per tree were chosen, generally the
first branch (closest to the ground), the highest
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accessible branch and another in between these. This
method does not restrict the branches to a specific
elevation, but it does provide an overall survey for
plants across the canopy. Further, branch size was
not restricted to similar-sized branches and therefore
branch surface area was calculated to control for
these differences among trees, as larger branches are
expected to host a greater number of epiphytes. To cal-
culate branch surface area, each branch was measured
in three sections (inner, middle and outer). The diam-
eter and the length of each section were measured and
used to calculate the surface area using a formula for a
cylinder (inner and middle) and a cone (outer), ignor-
ing the end surfaces. These measurements were added
together for each tree and a matrix created from
surface area difference between every pair of trees.

Each epiphyte individual was counted and identi-
fied to species where possible, and photographs were
taken of the majority of sampled plants in order to
confirm identification later. A subset of the epiphytic
plants was sampled for genetic analysis and we used
barcoding techniques to sequence the matK gene to
confirm field identification; reference samples were
obtained from B. Sayers at the National Botanical
Gardens of Ireland.

Similarity indices were used to calculate the com-
munity structure similarity/distance between each
pair of trees in Community Analysis Package 4
(CAP4, v. 4.1.3, Pisces Conservation Ltd., 2007).
For presence/absence data the Rogers and Tanimoto
(RT) similarity index (see [37]) was used:

RT ¼ aþ d

aþ 2bþ 2cþ d
; ð2:2Þ

where a, species present on both trees; d, species
absent on both trees; b and c, present on only one
tree. This index includes circumstances when an epi-
phyte species known to grow on another tree in the
population is not found on either tree being compared
(double absence). This is an improved index for com-
parisons over small geographical distances, whereas
indices such as the Bray–Curtis index ignore double
absences. There was no relationship between geo-
graphical distance and the number of double
absences (Mantel test, r ¼ 20.075, p ¼ 0.10), indicat-
ing the absence of a species on two trees is informative
rather than an artefact of variation owing to geographi-
cal variation; the scale of this study is very small and,
therefore, variation owing to geographical location is
reduced to a minimum. Further, we believe these
trees have been studied sufficiently such that the
majority of species will have been recorded and false
positive rate is low. For the abundance data, mean
character difference (MCD) or Czekanowski index
(see [38]) was used:

MCD ¼ 1

n

X
js1 � s2j; ð2:3Þ

where s1 and s2 are species abundances from tree 1 and
tree 2. This measure also uses the absence of a species
on both trees as information, as for the presence/
absence RT index.
Phil. Trans. R. Soc. B (2011)
We used Mantel and partial Mantel tests to analyse
the data statistically. Mantel tests use pairwise matrices
to test the correlative relationship between two vari-
ables, and partial Mantel tests allow one or more
other matrices to be kept constant in the analysis.
Here, we analysed the effect of genetic distance
between the trees on epiphyte community difference,
while controlling for geographical distance and
branch surface area. The RT similarity index produces
results which range from 0 to 1; therefore by calculat-
ing ‘1 2 RT’ we can compare this index with the
MCD measure and genetic distance to give positive
correlation results when significant.

(d) Invertebrate community

The invertebrate community was surveyed on and
around 30 B. alicastrum trees (electronic supplemen-
tary material, figure S1) during July 2009. Tree
number was reduced compared with the epiphyte
work owing to time constraints in the field, tree size
(large trees with buttress roots were excluded) and
accessibility to the base of the tree. Tree size was
measured (diameter at breast height; dbh) for every
tree.

We used three different methods to collect inver-
tebrates: (i) leaf litter collection, (ii) pitfall traps and
(iii) trunk traps. The leaf litter was collected once
from the base of each tree using an empty plastic tub
to regulate the volume of leaf litter collected. The
litter was then sifted through leaf by leaf to collect all
invertebrates living within it. The invertebrates were
preserved in 70 per cent ethanol for identification.
Two pitfall traps were set up at the north and south
sides of the tree base, using plastic pint cups and poly-
styrene plates as a cover. A small amount of water with
a drop of washing up liquid was placed in the bottom
of each cup to reduce error from escapees. The pitfall
traps were emptied daily for 3 days and collected
invertebrates were preserved in 70 per cent ethanol.
Trunk traps were set on each tree at breast height by
wrapping the trunk in one tight layer of black plastic;
over the top of this, a slightly smaller width of black
plastic was wrapped loosely around and the gaps
were filled with twigs and leaves. After 3 days, the
trunk traps and invertebrates within were collected.
All invertebrates were collected, stored in 70 per cent
ethanol and identified to morphospecies.

The Jaccard’s (JA) similarity index was used to
measure invertebrate community similarity between
each pair of trees, using presence/absence data (see
[37]):

JA ¼ a

aþ bþ c
; ð2:4Þ

where a, species present on both trees; b and c, present
on only one tree. The JA index does not use ‘double
absence’ information, when a species is absent from
both trees. In this case, this is preferable, since
sampling for these communities was not exhaustive
[39]. Using double absence information would lead
to increased false positive rates owing to the reduced
sampling effort for invertebrates. We still assume geo-
graphical distance between the trees is small enough
not to increase false-positive discovery rate. The JA
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Figure 1. The relationship between epiphyte community distance (abundance data) and (a) geographical distance, (b) genetic

distance. Dots in grey show data for every pairwise combination among the 53 trees with the average for each tree shown as a
black triangle.

Table 1. Summary of results from Mantel and partial Mantel tests for the epiphyte community data (r ¼ Pearsons

correlation, calculated through mantel tests). Geo, geographical distance between trees; area, surface area difference between
trees; genetic distance, Nei’s genetic distance between trees; epiphyte community, community difference between trees. The
first row, in bold, indicates the correlation between epiphyte community and genetic distance, with the appropriate matrices
held constant in a partial Mantel test. In the first column, the matrices held constant in a partial mantel test are indicated in

parentheses. The numbers in parentheses in the presence/absence and abundance columns indicate the p-value for the
Mantel test, calculated using 9999 permutations.

correlation (matrices held constant) presence–absence abundance

genetic distance to epiphyte community (geo 1 area) r 5 0.216 (0.025)* r 5 0.210 (0.035)*
genetic distance to epiphyte community r ¼ 0.222 (0.022)* r ¼ 0.206 (0.057)NS

genetic distance to geo r ¼ 0.116 (0.020)*
eiphyte community to geo r ¼ 0.095 (0.040)* r ¼ 0.147 (0.009)**
epiphyte community to area r ¼ 0.275 (0.016)* r ¼ 0.514 (0.003)**

NS . 0.05.
*p �0.05.
**p �0.01.
***p �0.001.
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index gives a range of results from 0 to 1, allowing ‘1 2

JA’ to be used as a dissimilarity index rather than a
similarity index. This means the results obtained are
comparable to the epiphyte community analyses. Par-
tial Mantel tests were used to analyse the association of
genetic distance between trees and invertebrate com-
munity dissimilarity (12JA), while controlling for
geographical distance and tree-size difference.
Mantel tests were used to assess the influence of geo-
graphical distance/genetic distance/tree size on the
invertebrate communities.
3. RESULTS
(a) Epiphyte community

We surveyed 2142 individuals of 46 orchid and 17 bro-
meliad species on the 53 B. alicastrum trees. Of the
trees sampled, the mean genetic distance between
trees from AFLP data was 0.316 (range 0.097–
0.702). The average difference in branch surface area
between trees was 3.8 m2 (smallest branch area was
0.2 m2 and the largest 22 m2; average branch area
was 3.5 m2). The largest geographical distance
between trees was 2118 m, smallest was 1 m. The
most abundant epiphyte species in our sample was
the orchid Christensonella uncata.
Phil. Trans. R. Soc. B (2011)
We found that as genetic distance between trees
increased the epiphyte community difference between
trees also increased, both for species presence/absence
(partial Mantel test, ‘1 2 RT’, r ¼ 0.216, p ¼ 0.025;
table 1) and abundance data (partial Mantel test,
MCD, r ¼ 0.210, p ¼ 0.035; figure 1). Geographical
distance had a significant effect on both genetic dis-
tance (Mantel test, r ¼ 0.116, p ¼ 0.02) and
community difference (Mantel test, MCD, r ¼ 0.147,
p ¼ 0.009; figure 1); however, the correlation was
weaker than between genetic distance and epiphyte
community difference. Branch surface area difference
between the trees had a strong effect on the epiphyte
community difference (Mantel test, MCD, r ¼ 0.514,
p ¼ 0.003; table 1) and species richness increased as
branch surface area increased (Pearson’s, r ¼ 0.445,
p ¼ 0.0008).
(b) Invertebrate communities

We surveyed 1933 invertebrate individuals from 30
B. alicastrum trees from the leaf litter, trunk and pitfall
samples. For these trees, the mean genetic distance
from AFLP data was 0.304 (range 0.097–0.702), the
largest tree dbh was 82.5 cm and smallest 11.5 cm
(mean-size difference between trees was 20 cm) and the
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Figure 2. Graphs showing the relationship between genetic distance and (a) leaf litter community dissimilarity (1 2 JA),
(b) trunk community dissimilarity (1 2 JA), for every pair of trees (grey dots) and the average for each tree (black triangles).

Table 2. Summary of results from Mantel and partial Mantel tests for the invertebrate data (r, Pearsons correlation calculated

through Mantel tests). The rows in bold are the main correlations between invertebrate community and genetic distance.
Geo, geographical distance between trees; tree size, dbh difference between trees. In the first column, the matrices held
constant in a partial Mantel test are indicated in parentheses. In the second column, the numbers in parentheses indicate the
p-value from the Mantel test, calculated from 9999 permutations.

correlation (matrices held constant) invertebrate community

genetic distance to geographical distance r ¼ 0.233 (0.001)***
genetic distance to tree size r ¼ 0.147 (0.068)NS

leaf litter community to genetic distance (geo) r 5 0.221 (0.005)**
leaf litter community to geographical distance r ¼ 0.074 (0.108)NS

leaf litter community to tree size r ¼ 0.017 (0.402)NS

trunk community to genetic distance (geo) r 5 0.138 (0.050)*
trunk community to geographical distance r ¼ 0.025 (0.322)NS

trunk community to tree size r ¼ 20.006 (0.492)NS

pitfall community to genetic distance (geo) r 5 0.072 (0.263)NS

pitfall community to geographical distance r ¼ 0.068 (0.141)NS

pitfall community to tree size r ¼ 20.104 (0.117)NS

NS . 0.05.
*p �0.05.
**p �0.01.
***p �0.001.
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greatest geographical distance between two trees was
2170.8 m (the two closest trees were 1 m apart). The pit-
fall traps produced the greatest number of individuals at
1084 from 83 morphospecies, the leaf litter community
consisted of 349 individuals from 55 morphospecies
and the trunk traps contained 500 individuals from
43 morphospecies (electronic supplementary material,
table 1). The main invertebrate taxa in our collections
were spiders (Araneae), crickets (Orthoptera), beetles
(Coleoptera) and ants (Hymenoptera: Formicidae).

Our results show variation in significance values
and strength of effect of tree genetic variation across
the different invertebrate communities (table 2). We
found that the leaf litter invertebrate community was
influenced by tree genetic distance, with more closely
related trees having the most similar leaf litter commu-
nities (partial Mantel test, r ¼ 0.221, p ¼ 0.005;
figure 2). Trunk invertebrate community dissimilarity
was also significantly positively correlated with tree
genetic distance, but less strongly than for the leaf
litter data (partial Mantel test, r ¼ 0.138, p ¼ 0.05;
Phil. Trans. R. Soc. B (2011)
figure 2). The pitfall invertebrate community was not
influenced by genetic distance between trees (partial
Mantel test, r ¼ 0.072, p ¼ 0.263). Geographical dis-
tance between the trees was held constant when
analysing all datasets, as it significantly influenced
the tree genetic distance (Mantel test, r ¼ 0.233, p ¼
0.001). Geographical distance was not significantly
associated with any of the invertebrate communities
(table 2). Tree size was not significantly correlated
with the community structure of any invertebrate com-
munity or tree genetic distance, and therefore was not
controlled for in the main analyses.
4. DISCUSSION
We demonstrated that B. alicastrum trees, which are
genetically more similar, host more similar commu-
nities of epiphytic plants, leaf litter invertebrates and
trunk dwelling invertebrates. Our work shows that
genetic variation within a single tree species influences
associated plant and animal communities, in a



1334 S. E. Zytynska et al. Community genetics in complex ecosystems
complex natural tropical forest ecosystem. This study
significantly furthers our knowledge of community
genetics concepts because it demonstrates that the
extended phenotype phenomenon occurs not only in
ecosystems dominated by a small number of tree
species but also in a diverse tropical forest where
over 300 tree species can be found [40]. We have
shown that even in a complex environment, genes
within a tree species are important for the dependant
plant and animal communities. By using AFLP mark-
ers for this study, we were able to detect small genetic
differences between these trees. Although AFLP
markers are often considered neutral, we have shown
that the differences in AFLP profiles among these
trees are related to community differences in the inter-
acting species. Therefore, it is probable that one or
more of the loci are in linkage disequilibrium with
a gene, or number of genes, which influence the
communities. In systems where there is no linkage dis-
equilibrium between markers and genes of effect, then
relationships between genotype and associated com-
munities might not be detected. By contrast, systems
with high linkage disequilibrium (e.g. hybridizing
systems) might show large and easily detectable associ-
ations following an apparent genetic similarity rule
(sensu [22]).

We have shown that the epiphytic plant community
on a tree is influenced by the individual genetic make-
up of that tree. This indicates that there are genetically
based traits within this tree species that determine
which epiphyte species can grow on different host
tree individuals. The possible mechanisms for epiphyte
‘host-preference’ are unlikely to be through active
choice since most seeds are wind-dispersed and adult
plants do not actively move. Host preference will
most probably act through differential seedling sur-
vival on a tree during seed germination or plant
growth. Such mechanisms might include the inhibition
of seed germination by bark substrates [41] or a
requirement for certain mycorrhizal fungal strains to
be present on the tree bark, specifically for orchid
seed germination [42,43]. For both bromeliad and
orchid epiphyte species, early growth could be influ-
enced by nutrient run-off from the tree and the
presence of other flora and fauna on the tree host;
for example, moss or lichen abundance [44].

We detected an effect of geographical distance on
tree genetic distance, indicating that the trees located
near to each other are more likely to be genetically
similar. However, the effect of geographical distance
on tree genetic distance was relatively small compared
with the effect of genetic distance on the epiphyte
community. As expected, we also found a small influ-
ence of geographical distance on epiphyte community
difference [45]; however, this effect is again smaller
than the effect of genetic distance on the epiphyte
community. By controlling for geographical distance
between each pair of trees in our analyses we have
attempted to reduce any error associated with varying
forest habitats, potential strong abiotic environmental
differences and tree genetic population structure.
Since our sample area was relatively small (approx.
4 km2), including geographical distance in the model
was considered sufficient. We also, as expected,
Phil. Trans. R. Soc. B (2011)
found a significant effect of tree branch area sampled,
which simply means that the larger branches were host
to more species and more individuals of epiphytes.
This effect is due to tree age since older trees have
had longer for epiphyte colonization [45].

For our invertebrate study we chose to use three
different sampling techniques to investigate the inver-
tebrate fauna associated with the tree: leaf litter
collection, trunk traps and pitfall traps. Tree size
(dbh) did not influence the results from any of our
sampling methods. Tree genetic distance was signifi-
cantly correlated with geographical distance, more so
than for the larger sample of trees used in the epiphyte
study. This shows a greater degree of population gen-
etic structure for this subset of 30 B. alicastrum trees;
however, we still consider the inclusion of geographical
distance into the analyses to be sufficient to control for
the effect.

We found that the community structure of invert-
ebrates living within the leaf litter was relatively
strongly associated with the tree genetic distance, the
trunk invertebrate community was less associated,
but still significantly so, but the pitfall samples were
not. The pattern we see here may be due to the differ-
ent species found in these communities; for example,
the leaf litter community might be more sedentary
than the pitfall community, which need to be moving
in order to fall into the trap. Indeed, we found more
Diptera, Hymenoptera, Coleoptera and Orthoptera
in the pitfall samples than in the leaf litter samples,
which supports the idea that these communities
differ in the movement capabilities of their inhabitants.
Pitfall traps are notoriously inefficient at sampling the
entire faunal component of a region, but we do not
consider this an important effect in this instance
because our pitfall samples contained almost as
many different morphospecies as the other two
sampling techniques combined. The strong difference
in the effect of tree genetic variation on the leaf litter
and pitfall communities is therefore potentially a
result of sedentary leaf litter invertebrates depending
much more on the individual tree, and its direct sur-
roundings (including living within its fallen leaves),
than transient individuals that were opportunistically
caught as they passed by the tree. The trunk commu-
nity may consist of both more sedentary trunk
dwelling species and those species moving up and
down the trunk, and possibly also temporary visitors
of winged species that may not be expected to be
directly associated with a single tree species. This
would explain the pattern detected of the trunk com-
munity being only moderately influenced by tree
genetics (in between the leaf litter and pitfall results).
Potential mechanisms for these effects could include
food availability, tree or bark structure, presence of
other animals and plants or phytochemical differences
in leaves and leaf litter decomposition. Leaf litter
invertebrates will depend more on the phytochemistry
of the leaves which are falling around the tree and the
subsequent decomposition of these, than will trunk
invertebrates or transient species. It has been shown
in other plant species that chemical composition of
the leaves and soil chemical composition are related
to plant genotype [25–27]. This may explain the
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stronger interaction seen, in our study, between the
leaf litter invertebrates and tree genetics, than for the
trunk or pitfall communities.

In complex ecosystems, the number of interactions
experienced by one species is expected to be high and
therefore the impact of each single interaction will be
reduced. We determined that tree genotype explains
approximately 4.6 per cent of the variation in epiphyte
community structure, 4.8 per cent of the variation in
the leaf litter invertebrate community structure and
3.7 per cent of the variation in the trunk invertebrate
community. In such a complex ecosystem, with numer-
ous interactions between many species, we consider
this effect to be biologically significant. The detection
of a significant effect within a naturally high diversity
ecosystem would suggest that in a low diversityorexperi-
mental common garden system the variation explained
would be much higher. These effects of tree genotype
on epiphyte and invertebrate communities were also
detectable even though a strong direct interaction
is unlikely. Epiphytes are not parasitic and it is expect-
ed that most strong interactions with the tree will
be indirect, although there may be a strong direct
interaction at seed germination stage through bark sub-
strates. Also, the invertebrate community was sampled
by such methods that any species could potentially be
trapped. Many previous community genetics studies
have focused on directly interacting invertebrate
communities, such as gall-inducing or leaf-folding
arthropods [24], which are more likely to be strongly
influenced by variation among individual tree hosts.
This suggests that the effect of tree genotype, even in a
complex system, is likely to be important for the many
other associated species in this tropical ecosystem that
interact more strongly with this tree species, such as
parasitic plants and animals. Furthermore, species
that depend on the epiphytic plants for shelter or the
invertebrates for food may also be influenced indirectly
by tree genetic variation through the epiphytes and
invertebrates.

This work supports the idea of conserving a minimal
viable interacting population (MVIP; [17]) as opposed
to concentrating conservation efforts on minimal viable
populations (MVP) of a species. The level of genetic
variation required for maintaining a single tree species
may be considerably lower than the level required to
maintain the associated communities of plants and
animals. Therefore, future conservation efforts or
reintroductions of tree species should consider the
associated communities when determining the level of
genetic diversity to be conserved.

In conclusion, we have shown that genetic variation
within a single tropical tree species can have extended
phenotype effects on associated ecological commu-
nities in a complex and highly diverse natural
ecosystem. This, in turn, is likely to influence the com-
munity structure of other species, such as amphibians,
birds and mammals, and we suggest that whole ecosys-
tem conservation may be possible through conserving
genetic diversity at the primary producer level, even in
complex ecosystems.
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