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Abstract. Linking species and ecosystems often relies on approaches that consider how
the traits exhibited by species affect ecosystem processes. One method is to estimate functional
diversity (FD) based on the dispersion of species in functional trait space. Individuals within a
species also differ, however, and an unresolved challenge is how to include such intraspeciﬁc
variability in a measure of functional diversity. Our solution is to extend an existing measure
to variation among individuals within species. Here, simulations demonstrate how the new
measure behaves relative to one that does not include individual variation. Individual-level FD
was less well associated with species richness than species-level FD in a single trait dimension,
because species differed in their intraspeciﬁc variation. However, in multiple trait dimensions,
there was a strong association between individual- and species-level FD and richness, because
many traits result in a tight relationship between functional diversity and species richness. The
correlation between the two FD measures weakened as the amount of intraspeciﬁc variability
increased. Analyzing natural plant communities we found no relationship between species
richness and functional diversity. In these analyses, we did not have to specify the source of
intraspeciﬁc variation. In fact, the variation was only among individuals. The measure can,
however, include differences in the amount of intraspeciﬁc variation at different sites, as we
demonstrate. Including intraspeciﬁc variation should allow a more complete understanding of
the processes that link individuals and ecosystems and provide better predictions about the
consequences of extinctions for ecosystem processes.
Key words: complementarity; functional classiﬁcation; phenotypic diversity; plasticity; species richness;
traits.

It is also at the individual level that competition for
resources, niche width expansion (Bolnick 2001), and
ultimately natural selection occurs (Vellend and Geber
2005). Therefore, some ecologists argue that the central
focus in community ecology should be on individuals
(e.g., DeAngelis and Gross 1992, Pachepsky et al. 2001,
2007), and many individual-based models have been
proposed (e.g., Huston et al. 1988, Loreau 1998). In this
sense, progress could be made by replacing species with
individuals as the fundamental ecological accounting
unit (Pachepsky et al. 2001, 2007).
Somewhat independently, functional traits rather than
species per se are increasingly being used to understand
ecological processes and, hopefully, turn ecology into a
more predictive science (Dı́az and Cabido 2001, McGill
et al. 2006, Petchey and Gaston 2006). Even if the
conceptual relevance of including the variability within
species in the functional diversity has already been
identiﬁed by some authors (Mason et al. 2005, Ackerly
and Cornwell 2007, Pachepsky et al. 2007), up to now,
none of the methods proposed for estimating functional
diversity (see Petchey and Gaston 2006) gives a clear
approach to incorporating information about individuals. That is, indices of functional diversity working with
multiple traits do not include intraspeciﬁc variability,
but rather use average trait values for species. Consequently, the functional properties of individuals and the

INTRODUCTION
Intraspeciﬁc variability (i.e., phenotypic and genetic
differences among individuals within a species) has long
been recognized as important in understanding ecology
and evolutionary biology (Schlichting 1986, Wells and
Pigliucci 2000, Bolnick et al. 2003, Sultan 2004).
Intraspeciﬁc variability occurs for many aspects of
development, physiology, and life history, and may be
related to environmental constraints (Spicer and Gaston
1999, Callaway et al. 2003, Gaston 2003). It is also clear
that functional traits (sensu Violle et al. 2007) play an
important role in communities and the functioning of
ecosystems (Chapin et al. 2001). For example, they can
determine species competitive ability and coexistence
(Begon and Wall 1987, Callaway et al. 2003), invasion
ability (Sexton et al. 2001, Richards et al. 2006), and
community functioning, such as nutrient dynamics
(Madritch and Hunter 2003), resistance to disturbance
(Reusch et al. 2005, Gamfeldt and Kallstrom 2007), and
plant productivity (Norberg et al. 2001). It is an
individual that gains carbon and nutrients from the
environment, transfers plant tissues to higher trophic
levels, and decomposes plant litter (Chapin et al. 2001).
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resulting state of the community cannot be linked,
fueling the debate on the relationship between biological
diversity and community function (Pachepsky et al.
2001).
Here, we present a straightforward extension to the
measurement of functional diversity that accounts for
intraspeciﬁc variation. We illustrate it using the functional diversity index, termed FD, proposed by Petchey
and Gaston (2002, 2006). Since this measure contains
information only about the uniqueness of species, and
not about their relative abundances, one might choose
to term it a measure of functional richness (Moulliot et
al. 2005, but see Hurlbert 1971). Although measures of
functional diversity are available that include species
abundances (e.g., Rao 1982), whether these are more
generally useful or applicable is far from resolved (see
Ricotta [2005] and Petchey and Gaston [2006] for a
review of the shortcomings of such measures).
We demonstrate with simulations how the new
measure behaves relative to one that does not include
individual variation. We also use data from plant
communities where the attributes of individuals were
measured. An attribute is the particular value taken by
the trait at any place and time; within a species the trait
may show different attributes along environmental
gradients or through time (Violle et al. 2007). Field
data allow us to consider sources of intraspeciﬁc
variability that may be included in functional measures:
ﬁrst, variability among the individuals within a location,
and second, variability among individuals that occurs
between locations, perhaps due to environmental
differences.
METHODS
Calculating FD
Calculating FD involves four steps (Petchey and
Gaston 2002, 2006): (1) assembling a trait matrix
(species in rows and functional traits in columns), (2)
converting the trait matrix into a distance matrix, (3)
producing a dendrogram by clustering the distance
matrix, and (4) calculating the total branch length of the
dendrogram necessary to connect all species in the
community. We used Euclidean distance and the
unweighted pair group method with arithmetic averages
(UPGMA) to produce, respectively, the distance matrix
and the dendrogram (Podani and Schmera 2006,
Petchey and Gaston 2007).
An individual-level FD measure
To include intraspeciﬁc variation in FD, we suggest a
simple change in the ﬁrst step mentioned above. Instead
of constructing a trait matrix with species in the rows,
one can include individuals in the rows. This modiﬁcation transforms a species-level approach into an
individual-level one. Obviously, trait values for the
individuals are required. This individual level measure of
functional diversity (iFD) is deﬁned as the total branch
length of the functional dendrogram that can be
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constructed from information about individual’s functional traits. It is an extension of the species-level FD
measure (Petchey and Gaston 2002, 2006), and allows
simultaneous inclusion of trait variation among and
within species in a functional diversity measure.
Simulations
To understand the relationship between species-level
FD (spFD) and individual-level FD (iFD), we carried
out simulations including one, three, and ﬁve traits as
follows: (1) We assembled an individual-level trait
matrix by assigning an attribute value to 10 individuals
within each of 26 species (named with the letters A–Z for
computational tractability). Attribute values were drawn
at random from a normal distribution with standard
deviation of l 3 E(CV). The species trait value, l, was
itself a random normal deviate with mean 0 and
standard deviation 1. Manipulating the expected coefﬁcient of intraspeciﬁc variation E(CV) allowed us to
investigate the importance of the amount of intraspeciﬁc
variability. Expected intraspeciﬁc trait variation ranged
from 0 (no intraspeciﬁc variation, all individuals within
a species are identical, E(CV) ¼ 0%) to 5 (coefﬁcient of
variation around species mean value ¼ 500%). (2) We
assembled a species-level trait matrix by aggregating the
individual-level trait matrix. Here, trait matrices had
species as rows and individual trait-averages as columns
(the standard approach to estimate FD). (3) We
assembled communities containing S species drawn at
random from the pool of 26 species, with S ¼ f2, 4, 6 . . .
26g, and 10 replicate assemblages at each richness level.
(4) FD of each assemblage was estimated from both the
individual-level trait matrix (to give iFD) and from the
species-level trait matrix (to give spFD). We examined
values of iFD and spFD with values of E(CV) from 0.0
to 5.0 in steps of 0.1 [0.0, 0.1, 0.2 . . . 5.0] and carried out
400 independent simulations at each level of E(CV).
With these data we determined, ﬁrst, how spFD and
iFD were related to species richness, and second, how
spFD and iFD were related to each other under different
intraspeciﬁc variability levels. In the second case, we
used a single species richness level to avoid the possible
effect of multiple richness levels acting as a confounding
factor. The results of analyses with several richness levels
(S ¼ 5, 15, and 25) were qualitatively very similar, so we
present only the results for an intermediate richness level
(S ¼ 15 species). We also assessed the strength of spFD
and iFD relationships by measuring the coefﬁcient of
determination, r2, across a gradient of intraspeciﬁc
variability.
Field data
We compared individual and species-based FD across
six Neotropical savannas (cerrado), using unpublished
data sets (M. Cianciaruso and M. Batalha, unpublished
data). These data sets comprised individual-level functional information on woody species from two different
cerrado forms: four savanna woodlands (campo cerra-
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do) and two woodlands (cerrado sensu stricto). Three
savanna woodland sites (sites 1–3) are in close proximity
and located in Emas National Park, central Brazil,
under a tropical and humid climate, with wet summer
and dry winter, classiﬁed as Aw following Köppen
(1931). These savannas have been subjected to different
ﬁre regimes in the last 12 years (site 1, annual ﬁres; site 2,
biennial ﬁres; and site 3, ﬁre exclusion). The fourth site is
a woodland within an experimental station in southeastern Brazil, protected from ﬁre for at least 12 years.
The ﬁfth site is a savanna woodland, heavily disturbed
by human activity in the past (ﬁre, cattle ranch, and high
dominance of herbaceous exotic species), located near
the sixth and last site, a more preserved woodland, in the
Federal University of São Carlos cerrado reserve,
southeastern Brazil. Sites four to six are under a
macrothermic temperate climate with rainy summer
and not severely dry winter, that is, Cwa according to
Köppen’s (1931) classiﬁcation. All six sites are on
Oxisols. Such variability, especially the different disturbances to which each site is submitted, leads us to expect
an effect on functional attribute values when a species
occurs in several sites. Given the site’s descriptions
pointed above, we assumed they were independent one
from the other. As our aim here was purely illustrative,
we used only three functional traits (plant height, bark
thickness, and basal area), measured for 10 individuals
of each species at each site following a protocol for plant
functional trait measurement (Cornelissen et al. 2003).
We sampled 10 individuals because this is between the
minimum and the preferred sample size to obtain an
impression of a trait’s variability (Cornelissen et al.
2003).
We attributed the functional trait values to each
species in two different ways: ﬁrst, we gathered all
individuals from all species occurring in the six sites and
drew randomly 10 of them to assemble an individuallevel attribute matrix. That is, the location at which an
individual was observed was ignored. Second, we
assembled an attribute matrix in which individuals
belonged to species and sites, since individuals from
the same species but from different sites may exhibit
differences in attribute values (Callaway et al. 2003,
Gaston 2003, Sultan 2004). For each approach, we
estimated the relationship between both FD indices and
between them and species richness. We also computed
the similarities in speciﬁc composition among areas
using the Sørensen index (Magurran 2004). All analyses
were conducted in R (R Development Core Team 2006).
RESULTS
Simulations
Both spFD and iFD were positively related to species
richness (Fig. 1). Using a single trait, at intermediate
levels of intraspeciﬁc variability (coefﬁcient of variation
equal to 50%), the association of spFD with species
richness was higher than that of iFD (Fig. 1). Increasing
the amount of intraspeciﬁc variability to 300% led to the
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appearance of a bifurcation in the relationship between
iFD and species richness (Fig. 1c, one trait). However,
when we included more traits, both iFD and spFD were
tightly related with species richness, even at high
intraspeciﬁc variability (Fig. 1b, c, three and ﬁve traits).
When individuals within a species had no variability
in functional traits, iFD was equal to spFD, independently of how many traits were included (Fig. 2a). As
intraspeciﬁc variability increased, the association between iFD and spFD became weaker (Fig. 2b, c), and
when intraspeciﬁc variability was very high, there was a
trend toward four distinct clusters of points in the
relationship between the two FD measures when we
included one trait dimension (Fig. 2c, one trait).
We found a negative relationship between the r2 of the
relationship between spFD and iFD and the level of
intraspeciﬁc variability when we included one, three, and
ﬁve traits (Fig. 3). That is, as intraspeciﬁc variability
increased, iFD tended to be less closely associated with
spFD.
Field data
Species richness ranged from 19 to 28 among the six
sites, and species similarity (Sørensen index) between
pairs of sites varied from 0.13 to 0.82 (Table 1). Species
turnover was low among sites that were close together
(for example, among Emas National Park sites, sites 1 to
3) but high among distant sites (such as between
Itirapina, site six, and Emas National Park sites). The
mean amount of intraspeciﬁc variability ranged between
40% and 80% among functional traits.
There was no signiﬁcant relationship between species
richness and either spFD or iFD in both approaches (Fig.
4a, b, d, e). However, we found two contrasting patterns
in the relationships between spFD and iFD. When
‘‘among-sites’’ intraspeciﬁc variability was not taken into
account spFD and iFD were weakly related (Fig. 4c). It is
important to notice that in this case spFD is the usual
approach to measuring FD, since we used average trait
attributes for each species. On the other hand, when we
included among-site variability, spFD and iFD exhibited
a strong positive relationship (Fig. 4f ).
DISCUSSION
Simulated effects of species richness and composition
on iFD and spFD
We found a positive association between species
richness and both species-level FD and individual level
FD. This largely results from the property of FD
(species and individual level) whereby increases in
species richness can only increase FD (or rarely cause
no change) while decreases in species richness can only
decrease FD (or rarely cause no change). This makes
some form of positive association largely inevitable.
However, the shape and scatter of the positive association is determined both by the number of traits, and
whether FD is calculated at the species or individual
level.
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FIG. 1. Relationships between species richness and (a, top row) species-based functional diversity (spFD); (b, middle row)
individual-based functional diversity (iFD) with one, three, and ﬁve trait dimensions when intraspeciﬁc variability level was
intermediate (coefﬁcient of variation equal to 50%); and (c, bottom row) individual-based FD when intraspeciﬁc variability level
was very high (coefﬁcient of variation equal to 300%).

The use of just a few traits causes a more saturating
and scattered relationship regardless of the FD measure.
The scatter represents the degree of importance of
species identity (i.e., species composition), with higher
scatter implying stronger effects of species identity and
weaker effects of species richness. A single trait axis will
always cause strong effects of community composition
because some species are close to one another on that
axis, whereas others are distantly separated (Petchey and
Gaston 2002). In our simulations, for example, a twospecies community could comprise by chance two
identical species (spFD ¼ 0), two very similar species
(low spFD), or two very different ones (high spFD). The
saturated shape with low numbers of traits results from
the decreasing probability that a unique species will
enter the community as species richness increases. At
high levels of intraspeciﬁc variability, there was a

bifurcation in the relationship between iFD and species
richness at higher species richness (Fig. 1c).
We conﬁrmed that this bifurcation was due to
different species composition, with some communities
containing more redundant species (and thus lower FD
values) and others more complementary species (and
thus high FD values). Conﬁrmation was by examining
the inﬂuence of these species’ presence or absence on
values of FD. The bifurcation is also explained by the
presence or absence of a species with particularly high
levels of intraspeciﬁc variability. Communities containing more complementary species and also more species
with high intraspeciﬁc variability will have higher iFD
than spFD, independently of the species richness level.
In general, bifurcations and discontinuous distributions
of functional diversity are expected when trait values are
relatively clumped and a single trait is functionally
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FIG. 2. Relationships between species- and individual-based FD (spFD and iFD) with one, three, and ﬁve trait dimensions,
with (a, top row) no intraspeciﬁc variability, (b, middle row) intermediate intraspeciﬁc variability (coefﬁcient of variation equal to
50%), and (c, bottom row) very high intraspeciﬁc variability (coefﬁcient of variation equal to 300%). Note that when intraspeciﬁc
variability increases (from a to c), the relationship between spFD and iFD becomes weaker.

important (see Fig. 4 in Petchey and Gaston 2002). The
multiple trait dimensions present in some natural trait
data sets create, however, a relatively continuous
distribution of functional diversity values and, consequently, no bifurcations (see Fig. 5 in Petchey and
Gaston 2002).
With higher number of traits (three and ﬁve), there is
less scatter and more linearity in the relationship for
both species and individual level FD. The lower scatter
occurs because species are more equally different when
there are several uncorrelated trait dimensions (Petchey
and Gaston 2002). Species identity is less important
when using higher number of traits than when using a
single one: our ﬁnding here was that this holds true even
when the measure of functional diversity includes

intraspeciﬁc variation. The shape of the relationship
also becomes more linear, for the same reason. The
probability of adding a functionally novel species is
relatively independent of species richness, because all
species are novel in their own way.
While the relationship between iFD and species
richness is more scattered than that of spFD and species
richness with only one trait (Fig. 1a vs. 1b ﬁrst column),
the two relationships become very similar in shape and
scatter with three or ﬁve traits (Fig. 1a vs. 1b, second
and third column). This occurs because separation in
three or ﬁve dimensions results in less overlap in trait
space among individuals from different species. Hence
the species identity of individuals dominates the
relationship, and it becomes very similar to the
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species-level FD pattern. This illustrates the importance
of the number of traits in measuring functional diversity
(Petchey and Gaston 2006).
Simulated relationships between iFD and spFD

FIG. 3. Relationship between species- and individual-based
FD relationships across a gradient of intraspeciﬁc variability,
with (a) one trait dimension (r2 ¼ 0.32), (b) three traits dimension
(r2 ¼ 0.42), and (c) ﬁve traits dimension (r2 ¼ 0.41). Thin black
lines are density contours, which delimit regions of equal data
point densities (indicated by the number in each contour line),
and provide a better visualization of the points distribution in
the ﬁgures. The thick black line shows r2 averages.

To show the effects of including intraspeciﬁc variability in functional measures, we asked whether and to
what degree this approach would be associated with a
species-level measure. We also asked whether the
relationship between the two indices is affected by
different degrees of intraspeciﬁc variability. The rationale for this is that if iFD appears to be closely related to
spFD, even at high levels of intraspeciﬁc variability, our
measure would have little information different to
spFD.
As a general pattern we found that as we increased
intraspeciﬁc variability iFD and spFD became less
closely associated. Since FD is a function of differences
among objects in trait space (Petchey and Gaston 2002),
adding an individual that lies at the same point as one
that is already a member of a community causes no
increase in functional diversity. Hence, when all
individuals in a given species are identical (E(CV) ¼ 0),
iFD and spFD will be identical (Fig. 2a). As we
increased intraspeciﬁc variability, individuals from
different species should be either redundant or complementary and relationships between both indices should
become weaker (Fig. 2b, c). Therefore, despite the
number of traits included, iFD effectively captures
differences in the amount of intraspeciﬁc variability
that are not taken into account in the traditional specieslevel approach. When including one trait, as in the
relationship between iFD and species richness, we found
an effect of different levels of intraspeciﬁc variability
and assemblage composition producing four different
relationships (clumped points in Fig. 2c, one trait).
Again, due to differences in speciﬁc compositions, some
simulated communities were composed of species that
were more complementary and thus had higher iFD and
spFD. Other communities contained less complementary species, resulting in lower iFD and spFD values. At
the same time, some communities presenting high spFD
values, presented lower iFD values. This shows that at
high levels of intraspeciﬁc variability individuals within
a highly complementary species (thus high spFD)
became redundant with other species (thus low iFD).
When we simulated very high levels of intraspeciﬁc
variability (i.e., coefﬁcient of variation . 300%), the
association between iFD and spFD relationships and
intraspeciﬁc variability became much more scattered
(Fig. 3). At such high levels of variability, we might
expect that species functional traits (i.e., the average
from individual functional attributes) become meaningless, since individual attributes should vary enormously
and species-trait identity would be lost. Nevertheless,
there was a tendency for weaker associations between
spFD and iFD as intraspeciﬁc variability increases (Fig.
3), corroborating the pattern we observed in Fig. 2.
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TABLE 1. Woody species similarities (Sørensen index) among
six sites used in the ﬁeld data example.
Site

1

2

3

4

5

6

1
2
3
4
5
6

19
0.72
0.68
0.10
0.25
0.13

28
0.82
0.17
0.41
0.26

28
0.25
0.37
0.17

19
0.14
0.18

21
0.38

26

Notes: Sites 1–3 (18818 0 5000 S, 52854 0 0000 W; 18819 0 0100 S,
52854 0 1000 W; and 18817 0 2800 S, 52853 0 4100 W; respectively) were
nearby savanna woodlands located in Emas National Park,
central Brazil. Site 4 (22812 0 5600 S and 47851 0 3900 W) was a
woodland within an experimental station in Itirapina, southeastern Brazil. Sites 5 and 6 (21858 0 0800 S, 47851 0 4700 W and
21858 0 45 00 S, 47852 0 09 00 W, respectively) were a savanna
woodland and a woodland in São Carlos, southeastern Brazil.
Boldface numbers in the main diagonal line are species richness
in each site.
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results are perhaps explained by the low number of
communities, the low range of species richness, and low
species turnover between communities (Table 1). However, it is important to note that: ﬁrst, the data we used
are seldom available and, probably, nonexistent for
most natural communities, since information on functional traits is normally provided only at the specieslevel. Second, low species turnover is inevitable in this
case, since, for example, three of the communities (sites
one to three) are near to one another. Moreover, here
our principal aim was to demonstrate that iDF may be
applied to ﬁeld data. Using ﬁeld data was useful to show
that even communities with more species could have
lower values of FD (either spFD or iFD; Fig. 4a, b, c, d,
sites 2 and 3), so FD is not per se dependent on species
richness (Petchey and Gaston 2002).
Field data: relationships between iFD and spFD

Field data: effects of species richness and composition
on iFD and spFD
When using ﬁeld data, we did not ﬁnd signiﬁcant
relationships between either one of the FD indices (iFD
and spFD) and species richness. One may argue that our

When intraspeciﬁc differences among sites were not
incorporated, the association between spFD and iFD
was much lower (Fig. 4c) than when intraspeciﬁc
variation among sites was made explicit (Fig. 4f ). In
the ﬁrst approach, species composition had a strong

FIG. 4. Relationship between functional diversity (FD) and species richness in six Neotropical savanna woody communities when
no ‘‘among-populations’’ intraspeciﬁc variability was allowed in (a) species-based FD vs. species richness (r2 ¼ 0.03) and (b)
individual-based FD vs. species richness (r2 ¼ 0.06); (c) relationship between both FD measures (r2 ¼ 0.42). The same relationship
when ‘‘among- and within-populations’’ intraspeciﬁc variability was allowed in (d) species-based FD vs. species richness (r2 ¼ 0.00)
and (e) individual-based FD vs. species richness (r2 ¼ 0.03); (f ) relationship between both FD measures (r2 ¼ 0.93). Numbers indicate
the studied sites.
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effect on spFD, aggregating communities that shared
many species in common (sites 1, 2, 3, 5; Table 1) under
similar spFD values (Fig. 4c). Here, as we gathered all
individuals from all species occurring in the six sites and
drew randomly 10 of them to calculate iFD, the amount
of intraspeciﬁc variability should be similar within
species co-occurring in different sites. In this sense,
differences that may occur for both measures are
somehow dependent on differences in species composition. However, whereas in this approach iFD includes
intraspeciﬁc variability (especially for exclusive species in
each site), spFD does not include any kind of intraspeciﬁc variability. In the second approach, we found a
strong association between spFD and iFD, highlighting
the different patterns FD should present depending on
the functional information source. The positive relationship between spFD and iFD may be explained due to
higher ‘‘among-sites’’ differences than ‘‘within-sites’’
ones. If functional traits of co-occurring species vary
much more among than within sites, ‘‘among-sites’’ iFD
values will be closer to ‘‘among-sites’’ spFD, since we can
expect a great degree of redundancy among the
individuals within a species in each site. Comparing the
two approaches, we demonstrated that, for local scale
studies, the traditional species-level approach is less
informative, since species turnover should be low
(Soininen et al. 2007) and occasional functional differences would be due solely to differences in species
composition. As ‘‘among-sites’’ iFD is not directly
associated with speciﬁc composition—individuals from
a species from different sites may be redundant or
complementary—it is a more suitable measure for these
studies. Besides, when species intraspeciﬁc variation is
higher among than within sites, ‘‘among-sites’’ spFD
should be as suitable as ‘‘among-sites’’ iFD in including
site-labeled intraspeciﬁc variation.
Up to now, all proposed functional diversity measures
have assumed that individuals in a given community are
equally important, even if they make disproportionate
contributions to community function. For example,
McGill et al. (2006) suggested that to be useful to
community ecology, functional traits should vary more
among than within species. This means that intraspeciﬁc
variability has been assumed a priori to be irrelevant to
functional diversity and, consequently, to community
processes. On the other hand, there are several works
reporting how variation among individuals of the same
species is important for community functioning (e.g.,
Norberg et al. 2001, Madritch and Hunter 2003). For
example, intraspeciﬁc variability permits niche breadth
extension and is an integral part of survival mechanisms,
resource capture, defense, and reproduction in plants and
animals (Grime and Mackey 2002, Bolnick et al. 2003).
Therefore, neglecting intraspeciﬁc variability in functional diversity measures should carry a disadvantage similar
to that encountered in using functional group richness,
since it excludes any functional differences that occur
among organisms within groups (Petchey and Gaston
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2006), in this case, species. Moreover, this runs the same
risk as occurred when assuming that all species are equal,
which proved to be unsatisfactory to answer the majority
of ecological questions (Dı́az and Cabido 2001). In short,
ecologists presently have a tendency to assume that
individuals within species are equal even knowing they
are not. Thus, not surprisingly, there is not a consensus
among them concerning the relationship of diversity and
functioning (Pachepsky et al. 2001, Cardinale et al. 2006).
We have demonstrated how to include intraspeciﬁc
variation in an existing index of functional diversity
(Petchey and Gaston 2002, 2006), allowing us to relax
two basic assumptions of most ecological models: that
all individuals are identical and that they are all affected
by each other and their environment in the same manner
(Pachepsky et al. 2001, Bolnick et al. 2003). Other
measures of functional diversity can include intraspeciﬁc
variation in the same way, by changing the units of
observation from species to individuals. This includes
measures that incorporate information about the
abundances of each species, but this remains an open
question. It is important to notice that sampling
intensity may affect iFD values. The simplest answer
to how many individuals should be included is to sample
enough individuals from all species to characterize the
distribution of intraspeciﬁc variability, having an equal
sample size for all species whenever possible. For plants,
for example, a good starting point would be following
the recommendations on sample size given in the
handbook for measurement of plant functional traits
worldwide (Cornelissen et al. 2003). Yet, another valid
approach would be to extend to iFD the FD rarefaction
suggested recently by Walker et al. (2008).
Even if there are still decisions to be made as to which
and how many traits to include, whether they should be
weighted, and how many individuals should be included,
there are some interesting properties in an individuallevel approach to functional diversity: (1) it includes
individual variation in functional traits, which is
important to several community processes, and (2) it
allows the use of more accurate data in respect to
functional traits and with an experimental design speciﬁc
to test the hypothesis being studied. We can effectively
include intraspeciﬁc variability using two approaches:
‘‘among-sites’’ spFD, when we have functional trait
information from species occurring in different sites, and
‘‘among-sites’’ iDF, when we include both the differences in individual traits among and within-sites into
FD. Further studies should reveal which sort of
intraspeciﬁc variability is more useful to investigate
how functional diversity is related to community
functioning, especially at local scales.
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